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1.0 EXECUTIVE SUMMARY 
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1.1 THE PROBLEM - 
Photovol ta ic  systems need c o n t r o l s  o f  varying scope depending on t h e  
system s i z e  and a p p l i c a t i o n .  While low c o s t  vo l t age  r e g u l a t o r s  a r e  
adequate  and a v a i l a b l e  f o r  smal l  b a t t e r y  cha rge r s ,  many l a r g e r  o r  
more complex systems r e q u i r e  c o n t r o l  a lgor i thms  which u n t i l  now could 
on ly  be achieved by c o s t l y  custom engineered products .  The problem 
i s  made more d i f f i c u l t  because t h e  modular n a t u r e  of  pho tovo l t a i c  
systems r e s u l t s  i n  a  g r e a t  v a r i e t y  o f  c o n t r o l l e r  requirements .  

A s  t h e  c o s t  of  pho tovo l t a i c  modules dec reases ,  system c o n t r o l  and 
r e l a t e d  engineer ing  c o s t s  become very important .  To meet t h i s  need 
f o r  f l e x i b i l i t y  wi th  a  minimum o f  customizing c o s t ,  and y e t  consume 
only  a  few w a t t s  of  power is  wi th in  t h e  c a p a b i l i t i e s  of  today ' s  
microprocessor .  

The f i r s t  u n i t  was produced under D.O.E. c o n t r a c t  DEN3-310 and t e s t e d  
f o r  NASA a t  TriSolarCorp. This  u n i t  is photographed i n  F igure  1.1-1. 
It i s  a  5kW maximum power c o n t r o l l i n g  b a t t e r y  charger  which can a l s o  
be configured a s  a  5kW b a t t e r y l e s s  motor d r ive .  

The e n t i r e  c o n t r o l l e r  i n t e r f a c e s  with e x i s t i n g  500 wat t  MPC power 
modules, o p e r a t e s  i n  a  NEMA-4 enc losure  over  an ambient temperature  
range of -25 degree C t o  +45 degrees  C ,  o p e r a t e s  from e i t h e r  a  12V 
b a t t e r y  o r  a  40V t o  300V DC unregulated s o l a r  a r r a y  o r  b a t t e r y  bus. 

1.2 HARDWARE DESCRIPTION 

The pro to type  microprocessor  PV system c o n t r o l l e r  c o n s i s t s  o f  a  NEMA- 
4  enc losure  con ta in ing  t h e  fo l lowing  major e l e c t r o n i c  assemblies:  

A. Power Supply 
B. Display and Cont ro l  I n t e r f a c e  
C. Res i s to r  Divider  Board 
D. Power Modules (70)  
E.  Processor  

The power supply  c o n s i s t s  of  a  wide i npu t  range DC t o  DC down 
conver te r  and a  multi-output f lyback  DC t o  DC conve r t e r .  The 
downconverter accep t s  40V t o  300V DC. 

The d i s p l a y  board c o n s i s t s  o f  a  4  1/2 d i g i t  LCD d i s p l a y ,  a  16 key 
membrane swi t ch  pad ( c a l c u l a t o r  s t y l e ) ,  an aud ib l e  a larm,  and t h r e e  
LED'S: RED,  YELLOW, and GREEN. The keypad a l lows  manual c o n t r o l  
(under password s e c u r i t y )  o f  t h e  system and c a l l s  up any one of over  
50 d i f f e r e n t  q u a n t i t i e s  t o  be d i sp layed .  The d i s p l a y  normally shows 
b a t t e r y  s t a t e  of  charge bu t  can d i s p l a y  t h e  vo l t age ,  c u r r e n t ,  o r  
power of  any a r r a y  s t r i n g ,  load bus,  b a t t e r y ,  motor, o r  o t h e r  
monitored p o i n t ,  monitored tempera tures ,  o r  time o f  day. The LED'S 
summarize system s t a t u s :  The GREEN LED shows t h a t  t h e  processor  is 
running and s e r v i c i n g  t imer  i n t e r r u p t s .  The RED LED i n d i c a t e s  t h a t  
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t h e  b a t t e r y  i s  dangerously l o t  and loads  have been shed,  and t h e  
YELLOW LED i n d i c a t e s  t h a t  s t o r e d  energy is  i n  s h o r t  supply and should 
be conserved. 

The r e s i s t o r  d i v i d e r  board s e r v e s  a s  an i n t e r f a c e  between t h e  high 
vo l t ages  i n  t h e  power system and t h e  low vo l t age  s i g n a l s  measured by 
t h e  processor .  

The power modules a r e  500 wat t  DC t o  DC conve r t e r s  used, f o r  t h e  
pro to type ,  t o  couple  t h e  180 v o l t  nominal s o l a r  a r r a y  i n p u t s  t o  t h e  
120 v o l t  nominal b a t t e r y  and load  bus. These a r e  20kHz swi tch ing  
type  bucking conve r t e r s ,  wi th  t y p i c a l  e f f i c i e n c y  of  98%. They 
inc lude  i n t e r n a l  f a s t  c u r r e n t  l i m i t i n g .  Ten power modules a r e  
provided i n  t h e  pro to type .  

The processor  i s  a  l a r g e  board con ta in ing  t h e  fo l lowing  p a r t s :  

1. Cen t r a l  Processor:  CPU, timer, ROM, RAM 
2. Analog i n p u t  s ec t i on :  d i f f e r e n t i a l  c u r r e n t ,  

mu l t i p l exe r ,  single-ended vo l t age  mu l t i p l exe r ,  
and 10 b i t  p l u s  s i g n  A/D conver te r  

3. Display and c o n t r o l  i n t e r f a c e :  UART f o r  RS232 
i n t e r f a c e  suppor t ;  PIA f o r  keypad, LED, LCD, 
and i n t e r r u p t  suppor t ;  6 o p t o i s o l a t o r s  f o r  
load  c o n t r o l  

4. Array c o n t r o l  bu f f e r s :  10 d i g i t a l  ou tpu t s  
which can be used a s  pu l se  width modulated 
20kHz s i g n a l s  f o r  t h e  power modules f o r  
maximum power p o i n t  t r a c k i n g ,  o r  can be used a s  DC l e v e l  
d i g i t a l  swi tch  d r i v e  s i g n a l s  f o r  d i s c r e t e  a r r a y  c o n t r o l .  

The c e n t r a l  p rocessor  is b u i l t  around a  65C02 CPU, which ope ra t e s  a t  
1MHz wi th  an 8  b i t  d a t a  bus and a  16 b i t  address  bus. This  addresses  

, 16k bytes  of CMOS EPROM and up t o  6k bytes  of  CMOS RAM. (This  
program r e q u i r e s  on ly  2k of  RAM.) The h e a r t  of  t h e  analog i n p u t  
s e c t i o n  is  t h e  AD7571 analog t o  d i g i t a l  conver te r .  This  new device  
i s  a  CMOS low c o s t  u n i t ,  wi th  10 b i t s  p l u s  s i g n  accuracy,  and 
i n t e r n a l  i n t e r f a c e  t o  an 8  b i t  microprocessor  bus. 

The RS232 p o r t  is  provided by an IM6402 CMOS UART, which with a  few 
d i s c r e t e  d r i v e r  e lements ,  makes a  complete b i -d i r ec t i ona l  
asynchronoeus communications i n t e r f a c e .  This  p o r t  a l lows d a t a  
logging t o  an e x t e r n a l  p r i n t e r ,  automated t e s t i n g  du r ing  manufacture,  
o r  computer i n t e r f a c i n g  i n  s p e c i a l  a p p l i c a t i o n s .  

The a r r a y  c o n t r o l  f u n c t i o n s  c o n s i s t  o f  a  set  of l a t c h e s ,  g a t e s ,  and 
b u f f e r s  a l lowing  12 d i g i t a l  o u t p u t s  t o  be d r iven  a s  independent r e l a y  
d r i v e  s i g n a l s  f o r  d i s c r e t e  a r r a y  c o n t r o l ,  o r  a s  s e p a r a t e l y  buf fe red  
pu l se  width modulated 20kHz s i g n a l s  f o r  maximum power po in t  t r ack ing .  
A watchdog timer t u r n s  o f f  t h e  a r r a y  c o n t r o l  and load  ou tpu t s  i f  t h e  
processor  f a i l s  t o  r e s e t  it w i t h i n  240msec. An a d d i t i o n a l  ana log  
ou tpu t ,  0  t o  10V, is a v a i l a b l e  f o r  cont inuous ana log  c o n t r o l  of  
v a r i a b l e  loads  such a s  v a r i a b l e  speed motor d r i v e s .  This  is r e a l i z e d  
by low pas s  f i l t e r i n g  of  a  second PWM s i g n a l .  
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SOFTWARE DESCRIPTION 

The software design was based on two decisions. First, the software 
is modular. This allows an orderly linking of software modules using 
the principles of structured programming and allows modules to be 
modified without interfering with the rest of the program. Second, 
the modules were defined using wpseudocodev, an explicit definition 
of each algorithm in plain English with a program format. This 
allowed clear communication between system designer, hardware 
designer, and software designer in advance of actual programming and 
eased the task of writing assembly language code. 

The MAC unit is designed to operate without needing any human 
intervention. It performs the following functions automatically: 

7 .  Battery Control 
2. Array Control 
3. Load or auxiliary display on the 

control panel 
4. Status display on the control panel 
5. Self-test 
6. Data logging via RS232C port 

In addition, the MAC unit provides the following facilities for 
manual control: 

1. Manual battery charge initialization 
2. Manual array control 
3. Manual load or auxiliary charger control 
4. Control panel display of system 

operating parameters 
5. Manual test calibration mode and time of 

day 
6. Remote control and parameter measurement 

or automated testing via the RS232C port 

Each function is described below, with the automatic and manual 
functions described together for ease of understanding. 

1.3.1 Battery Control 

The state of charge describes the battery's condition at an instant 
in time. The initial battery state of charge can be entered manually 
from either the keyboard or the RS232C terminal. This can be based 
on a hydrometer reading of battery acid density, or simply an 
estimate. If it is wrong, the system will eventually correct it 
without damage to the battery. Default value at power-up is 50%. 

The state of charge is increased by the number of ampere-hours 
flowing into the battery, and decreased by the number of ampere-hours 
flowing out of the battery. Rate of increase is modified by a 
tabulated coulombic charging efficiency which depends on state of 
charge. If the battery voltage exceeds expected limits, the state of 
charge is automatically adjusted to account for the variation. 
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For every ampere-hour of discharge by the battery, one equalization 
fraction ampere-hour of extra or equalization charging is 
automatically programmed when energy becomes available and 100% state 
of charge has been reached. This is needed to bring all cells up to 
full charge and to stir the acid by generating small amounts of gas. 
This prolongs battery life. 

If the battery goes through many partial charge and discharge cycles 
before equalizing, the total equalization charge is limited to the 
equalization total percentage to avoid excessive water useage. 

During charging and equalization, the battery is allowed to rise to 
the equalization voltage. After equalization is completed, the 
battery voltage is limited to the float voltage, which is below the 
point of significant gassing and so uses up less water. This float 
level charge makes up for internal battery self-discharging. 

1.3.2 Array Control 

If the battery is not fully charged and equalized, the voltage limit 
is the equalization voltage. If fully equalized, the voltage limit 
is the float voltage. Until reaching voltage limit, the solar array 
charges the battery as much as the available energy allows. 

There are two automatic modes of array control resident in the 
program. The first is discrete array control. This.turnsS strings 
on, one per second as long as the battery voltage is less the 94% of 
its maximum limit. It makes no change until the battery voltage 
reaches 97% of its maximum limit. Between 97% and 100% of its 
maximum limit, strings are turned off one per second. Above 100% of 
maximum limit, all strings are turned off. The battery voltage used 
for this algorithm is averaged over 4 samples to minimize noise 
problems. 

The second mode is maximum power tracking. The controller drives up 
to 10 power modules with a 20kHz pulse width modulated drive signal, 
13 volts = high = OFF, 0 volts = ON. The pulse width is set in 1/4 
microseconds increments. It is initialized to 0 and changed in small 
(1/4 microseconds) or large ( 2  microseconds) steps every 100 
milliseconds. At each step, the total delivered power is calcualted 
and compared with the power delivered at the previous duty cycle. If 
the power changed by less than 1.5%. and if no limiting conditions 
were encountered, small steps are used, otherwise big steps are used 
to speed up the process. 

If the power level was found to be constant or increasing, the next 
step is taken in the same direction as the last. If the power was 
found to be decreasing, the directign of step in duty cycle is 
reversed. Therefore, the duty cycle is adjusted to the maximum power 
operating point, and hunts there +/- one or two small steps, 
representing an operating point within +/- 1% of maximum power. 
This improved array control method is the subject of a patent 
application. 
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1.3.3 Load Control  - 
The b a t t e r y  is  assumed t o  be loaded by up t o  5 s e p a r a t e  load busses ,  
with s e p a r a t e  vo l t age  s ens ing ,  c u r r e n t  shun t s  i n  t h e  nega t ive  l oad ,  
and r e l a y  c o n t r o l  respons ive  t o  t h e  o p t o i s o l a t o r  ou tpu t  1-5 o f  t h e  
c o n t r o l l e r .  These may i n  f a c t  be a u x i l i a r y  cha rge r s  a s  wel l  a s  
loads .  

Each load  bus is a l s o  au toma t i ca l l y  monitored f o r  excess ive  c u r r e n t ,  
p rovid ing  a  b u i l t  i n  c i r c u i t  breaker  func t ion .  Each load  o r  charger  
bus can a l s o  be manually c o n t r o l l e d  from t h e  keypad o r  t h e  s e r i a l  
p o r t  . 
It is o f t e n  d e s i r a b l e  t o  u se  more energy i f  i t ' s  going t o  be a  sunny 
day. This  may be t o  avoid s h o r t  cyc l e s  o f  load  useage o r  simply t o  
i n c r e a s e  energy useage e f f i c i e n c y .  Therefore ,  between 8AM and 
12Noon, i f  t h e  s u n l i g h t  l e v e l  is  high enough t o  provide a t  l e a s t  10% 
of  t h e  maximum charger  c u r r e n t  l i m i t  t o  t h e  b a t t e r y ,  a l l  t h e  b a t t e r y  
c o r r e c t e d  SOC l e v e l s  f o r  load  shed and r e s t o r a t i o n  a r e  decreased by a  
cons t an t  p r e s e t  SOC, c a l l e d  DELTA SOC. Th i s  a l lows l o a d s  t o  t u r n  ON 
e a r l i e r  on a  sunny morning than  would o therwise  be t h e  case.  

The MAC can perform a  c o n t r o l  s t r a t e g y  t o  a l l o c a t e  a v a i l a b l e  energy 
i n t o  two d i f f e r e n t  forms o f  s to r age .  One of  t h e s e  is e l e c t r i c a l  
energy s t o r e d  i n  a  b a t t e r y .  The o t h e r  is a  form of  "product 
s torage."  Th i s  might be water  s t o r e d  i n  a  t ank ,  o r  thermal, s t o r a g e  of  
co ld  i n  a  r e f r i g e r a t o r ,  f r e e z e r  o r  i c e  s t o r e d  i n  an icemaker. To use  
t h i s  c a p a b i l i t y ,  it i s  necessary  t o  be a b l e  t o  measure t h e  amount of  
product  s t o r e d .  Th i s  combination o f  t r i p  p o i n t s  c r e a t e s  a . s e t  of 
fou r  s t a t e s  of  t h e  c o n t r o l l e r ,  def ined  by t h e  amount of  product  
s t o r e d  and t h e  b a t t e r y  s t a t e  of charge. By s e t t i n g  va r ious  va lues  
f o r  t h e  boundary parameters ,  va r ious  p r i o r i t i e s  can be placed i n  t h e  
u se  of energy. 
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7.3.4 CONTROL PANEL 

The c o n t r o l  pane l  has  a  keypad f o r  manual i n p u t s ,  a  4-1/2 d i g i t  LCD 
d i s p l a y  f o r  s e l e c t e d  q u a n t i t i e s ,  a  set  of  r e d ,  yellow, and green 
LED1s f o r  quick s t a t u s  summary, and an audio  alarm. There is a l s o  an 
emergency swi tch  l oca t ed  a t  t h e  bottom of  t h e  u n i t  which, when turned  
OFF, w i l l  t u r n  OFF a l l  a r r a y  s t r i n g s  and loads .  When turned ON, it 
w i l l  r e s t a r t  t h e  program. 

The LCD d i s p l a y  can be thought  of a s  a  mult imeter  which w i l l  d i s p l a y  
one of a  menu of  system parameters.  The d e f a u l t  cond i t i on  is s t a t e  
o f  charge,  and a f t e r  a  d a t a  dump each h a l f  hour ,  it r e t u r n s  t o  t h i s  
parameter s e t t i n g .  It can a l s o  d i s p l a y  any a r r a y  s t r i n g  vo l t age ,  any 
charger  ou tput  s t r i n g  c u r r e n t ,  ( no t  t h e  a r r a y  c u r r e n t ,  bu t  t h e  
converted ou tpu t  from t h a t  s t r i n g  a t  t h e  b a t t e r y  vo l t age  l e v e l ) ,  t h e  
de l ive red  s t r i n g  power t o  t h e  b a t t e r y ,  t h e  b a t t e r y  vo l t age  c u r r e n t  o r  
power, any of f i v e  load  bus vo l t ages  o r  c u r r e n t s  o r  powers, t h e  
b a t t e r y  temperature ,  one o t h e r  temperature  (used he re  f o r  f r e e z e r  
product measurement), t h e  pu l se  wid th ,  t h e  e q u a l i z a t i o n  charge 
needed, t h e  system ze ro  vo l t age  and 4.00 v o l t  r e f e r e n c e  l e v e l ,  t h e  
temperature  co r r ec t ed  s t a t e  o f  charge ,  t h e  t ime o f  day, and t h e  
sof tware  ve r s ion  number. These a r e  s e l e c t e d  u s ing  t h e  keypad. 

The keypad can a l s o  be used t o  change c o n t r o l  func t ions .  To do t h i s ,  
t h e  c o r r e c t  password must be en te red .  Password a c c e s s i b l e  f u n c t i o n s  
inc lude  s e t t i n g  a  new load and r e s t o r e  t h r e s h o l d s  f o r  each ' l oad  bus,  
s e t t i n g  i n i t i a l  s t a t e  of  charge and s e t t i n g  t h e  manual c o n t r o l  f o r  
each load  bus ON o r  Off .  

1.3.5 S e l f - t e s t i n g  

The autdmatic  t e s i n g  of  b a t t e r y  SOC and load  c u r r e c t s  i s  descr ibed  
elsowhere. Also, t h e  u n i t  can be placed i n  a  t e s t / c a l  mode where 
d a t a  is r e f r e shed  but  t h e  s t a t e s  of  charge,  max power t r a c k i n g  and 
load c o n t r o l s  do not  au toma t i ca l l y  change. This  a l lows them t o  be 
manually set and measurements taken.  For example, a  f i x e d  pu l se  
width can be set from t h e  s e r i a l  p o r t ,  o r  a  lamp t e s t  can be 
performed. 

The d i s p l a y  performs one more automatic  test .  If one o f  t h e  charger  
power module ou tput  c u r r e n t s  i s  less than  a  cons t an t  (lamp) below t h e  
average o f  a l l  such c u r r e n t s ,  t h e  "Cont inu i tyN segments of t h e  LCD i s  
turned ON. Th i s  means t h a t  one s t r i n g  of t h e  a r r a y  o r  one power 
module o f  t h e  charger  is e i t h e r  shadowed o r  broken. Examination o f  
a r r a y  vo l t ages  and c u r r e n t s  w i l l  show t h e  cause.  

Besides t h e s e  e x t e r n a l  tests, t h e  u n i t  performs an automatic  tes t  of 
i ts  RAM and ROM access  whenever it is s t a r t e d  up. When running,  any 
e r r o r  caus ing  t h e  program no t  t o  execute  p rope r ly  w i l l  r e s u l t  i n  a  
watchdog t imer  f a u l t  t u r n i n g  o f f  a l l  l oads  and t h e  s o l a r  a r r a y  and 
causing t h e  green LED t o  go o u t .  
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1.3.6 Serial Port Functions - 
The manual test/cal mode was partially described in the previous 
section. However, with an RS232C terminal, much more extensive 
manual testing is possible. A standard debug monitor is implemented 
which can examine memory locations, insert bytes into memory, begin 
execution at a given memory location, insert or remove breakpoints, 
and download and program into memory. 

A data dump of all system voltages, currents, temperatures, switch 
positions and states of charge is sent to the serial port every half 
hour or whenever requested. A printer there will provide data 
logging. 

This powerful access allows many possible uses. The processor can be 
automatically tested during manufacture this way. A printer attached 
at the site can serve as a data logger. A telephone modem or other 
communication interface would allow automatic remote data logging or 
even, remote system control. 

The use of a small RS232C terminal by a repair technician allows 
fault isolation and diagnosis beyond the capabilities of the keypad 
and display, since small special test routines can be run. Software 
modification is greatly eased as well. 

1.4 TEST RESULTS AND CONCLUSIONS - - 
The battery charge control algorithm works as described. Its 
estimate of the fraction of capacity available is limited mainly by 
the accuracy of the battery's rated capacity at a given discharge 
rate which is supplied by the battery manufacturer. Long term low 
current operation is dominated by internal battery self-discharge, 
typicalIy 1% to 2% per week, and current offset errors of 0.1% of 
maximum, which is often a similar percentage per week. This is 
corrected whenever the battery is fully charged, so that batteries 
cycled daily or weekly are not affected. 

The array control modes, both max power tracking and discrete 
switching, work very well and provide a nice tapered current 
finishing charge for a battery with very low water loss. The max 
power tracking with two step sizes is a real advance in the state of 
the art, as it provides a combination of more accurate tracking of a 
static max power point plus a faster acquisition time for a varying 
load or insolation. A chart comparing these performance figures is 
given here. 
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COMPARISON OF MPC FUNCTIONS 

Previous State of the MAC 
Art Equipment 

MaxDither,stable 3% 
load 

Product 9 1 

This means that, for example, a volumetric pump or other slowly 
cycling loads can be dynamically matched to the solar array with 
reduced need for expensive or lossly load-levelling mechanisms as 
large flywheels, batteries, etc. This opens up additional 
applications for the controller. 

Load management in response to battery state of charge is very good. 
It is free of the chattering and instability characteristices of many 
voltage-related load management schemes. The algorithm for product 
storage and apportioning energy to several types of loads works as 
expected. However, its sophistication makes it difficult for a user 
to verify that it is operating properly, and this may make it less 
popular than other approaches based solely on battery status. 
Instrumentation of the system using the keypad and LCD display is 
very effective. A permanently posted list of command codes on the 
unit near the keypad was found to be useful. 

Data logging via the RS232C terminal to an inexpensive printer is 
very helpful in village systems. Of less use in smaller 
applications, it is quite helpful for maintenance or fault diagnosis 
using a small hand held battery-powered RS232 terminal. The 
possibilities inherent in a phone coupler or other communicaions port 
for remote system control have not been explored, but they are 
potentially very interesting. The self-test functions of the 
controller are an effective means of allowing unskilled personnel to 
monitor a complex PV system. 

In conclusion, the microprocessor automatic controller works as well 
as, or better than, any existing PV system control equipment, and can 
be adapted to a wide variety of systems simply by plugging in an 
EPROM. This makes it a very attractive con,troller for PV systems 
where large size (over IkW), remote location or special control 
requirements justify this type of unit. 
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2.0 DESIGN CONSIDERATION 

INDUSTRY NEEDS 

The photovoltaic industry is growing today at an annual rate of 
nearly 65%. This growth includes a varied mix of small simple 
battery chargers, pump drives, large sophisticated battery chargers, 
and utility interactive systems. As the cost of the PV module 
decreased, the fraction of the system cost represented by controls 
and engineering becomes more important. In order to allow the 
continued growth of volume and reduction of system prices, a 
controller is needed which is flexible enough for all applications 
while easy to apply without high recurring engineering costs. The 
microprocessor represents an opportunity to supply that need. 

In order to determine the range of system parameters required for a 
controller, a preliminary analysis of the near term PV market is 
useful. The following figure 2.1-1 indicates the breakdown of the 
1983-84 PV market, using a variety of various documented and informal 
sources, to ascertain the relative market share of various types of 
systems. The first rows of figures give the breakdown by system 
size, first a typical size, then a range of sizes, by half-decade 
logarithmic steps. The percent of power sold represents the fraction 
of PV kilowatts used in that size system. The percent of systems 
sold gives the fraction of the total number of systems regardless of 
size. A typical installed system price in $/watt is indicated for 
reference. 

The next section characterizes the controls, including power 
conditioning, for a PV system in terms of the dollar cost of controls 
at the OEM level divided the peak watts of PV in the system. These 
are divided into systems with Maximum Power Controllers (MPC) and 
those without. The difference represents the incremental cost of the 
MPC. The approximate fraction of systems without MPC1s is indicated, 
and multiplied by the number of systems in each category, to give the 
number of controllers with and without MPC~S in each system size 
category. This shows that the market for MPC type controller falls 
primarily in the 300 watt to 30 kW size range. The large number of 
systems at smaller sizes indicates the attractiveness of marketing a 
small, inexpensive controller which might be able to capture the 100 
W to 300 W market even without maximum power control. The high cost 
of controls below 100 watts size indicates that any controller will 
be hard to sell for such small systems. 

The last row of figures estimate the incremental value of an MPC 
for 1983 and 1986 PV systems. These estimates are based on the 
following rows of figures for typical system voltage, typical 
controllers and PV utilization, efficiency, and typical incremental 
PV array installed prices. Comparing these figures with the 
controller costs determines the utility of an MPC in such a system. 
Note that MPC1s are probably worthwhile for systems over 300 watts at 
present and over 1 kW in 1986. 

Based on these results, it appears that a controller intended for the 



PRELIMINARY- PV INDUSTRY 83-84 PARAMETERS 
ESTIMATED 5 MEGAWATTS/YEAR, 10K SYSTEMS 

Range lOOW 100-300 300-1K 1 K-3K 3K-1 OK 1 OK-30K 30~-100K 

SYSTEMS 

Z of power 
sold 5 10 15 15 20 15 10 

% of systems 
sold 55 25 15 3 1-5 -38 .1 

Inst. $/watt 
cost 3 0 27 25 22 20 17 15 

CONTROLS, $/W COST (INCLUDING POWER CONDITIONING) 

MPC 3.00 2.00 1-00 0.80 0.70 0.60 0.50 

% With MPC 0 1 5 15 20 40 , 50 

f W/O MPC 5.5K 2.5K 1.5K 255 120 22 5 

I W/ MPC 0 25 75 45 30 16 5 

Incr . value 
of MPC 
1983 $/w -030 -20 -70 1.0 .1.20 1-20 -80 

T Y P O  SYS. 
Voltage 12 12-24 24-48 48-90 120 120 240 

MPC eff ic .  .82 

No MPC 
ef  f i c  . .85 .85 .85 .85 -85 -85 90 

Assume incremental PV array prices. 

200K 

1 OOK 

$/W ins ta l led  
1983 1984 1985 1986 
10 8 6 5 

FIGURE 2-1-1 
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100 watt to 300 kW size range will'market well if it: 

1) includes MPC capability at an incremental cost of under 
$ .4Q/watt 

2) is also useful for battery management without an MPC 

3) costs less than $300 in a minimal configuration without the 
power electronics of an MPC. (The cost of a no-MPC 
controller for a 500W system) 

The needs of the industry can then be segregated into at least two 
different types of controllers. The very.smal1, very inexpensive 
controller (typically one quad comparator today) for systems of a few 
hundred watts or less is not the same as the flexible, sophisticated 
unit for larger systems. The small controller is discussed later as 
the "zero optionv. The larger controller can then be examined in 
terms of those characteristics which have a major affect on the unit 
cost. 

2.2 MAJOR COST IMPACT ITEMS -- 
System level items -- 

The items affecting controller cost fall into two categories: those 
which describe the system, and those which describe the controller 
itself. These are listed in Figure 2.2-1. System characteristics 
affect the controller by the number of analog currents or voltages to 
be measured, by the number of counter/timer functions, and by the 
power or energy level of those parameters. This last group impacts 
the sizing of relays, power converters, shunts, and terminals in an 
obvious way which is separate from the control function itself; and 
is easy'to design as required. In particular, any inputs or outputs 
of the control system which are continuously variable rather than 
switched are most expensive because they require either A/D or D/A 
converters, analog multiplexers, or counter/timer functions. Zxtra 
array measurements, maximum power controllers for the array, and 
variable loads (such as motor drives) are in these categories. Also, 
since battery control is the most complex function of the controller, 
dominating its accuracy and speed requirements, the number of 
batteries to be controlled independently is a major factor. 

The effect of controller characteristics on cost requires further 
description of these tasks. Figure 2.2-2 lists major control 
functions. 

2.2.2 Battery Control Considerations 

The basic algorithm to be used for battery state of charge (SOC) 
estimation will be ampere-hour integration. Total ampere-hours into 
and out of the battery will be used to estimate change in SOC. 
Beyond this, a variety of checks, adjustments and corrections might 
have been used. 



DESIGN CONSIDERATIONS HAVING STRONG EFFECTS 
ON THE DESIGN OBJECTIVES AND COSTS 

I. PHOTOVOLTAIC SYSTEM CHARACTERISTICS 

1. Pho tovo l t a i c  a r r a y  s i z e  
2. Type, number and t o t a l  energy of s t o r a g e  elements 
3. Type, number and t o t a l  power of v a r i a b l e  c o n t r o l l e d  loads  

11. CONTROL SUBSYSTEM CHARACTERISTICS 

Array c o n t r o l  
Ba t t e ry  SOC a lgo r i thm 
Load management 
Product  s t o r a g e  load  management 
Requirement f o r  independent manual c o n t r o l  ove r r ide  
Manufac turabi l i ty  
Adap tab i l i t y  
Ma in ta inab i l i t y  s k i l l ,  t e s t  equipment and MTTR 
R e l i a b i l i t y  - MTBF 

Figure  2.2-1 



Major Functions of t h e  Con t ro l l e r  

1. Ba t t e ry  S t a t e  of Charge e s t ima t ion  

- amp hour accumulation 
- temperature compensated v o l t a g e  limits 

and f l o a t  vo l t age  
- MPC i n h i b i t  
- automatic  charge equa l i za t ion  

2. Maximum Power Con t ro l l e r  

- i npu t  f i l t e r i n g  
- comparison and duty cyc l e  s tepping  
- limits 
- d i r e c t  d i g i t a l  PWM c o n t r o l  
- output  bu f fe r ing  

3. Load Control  

- v a r i a b l e  load  s e t t i n g  
- m u l t i p l e  f i x e d  loads  
- response t o  SOC 
- backup genera tor  c o n t r o l  
- product s to rage  s t a t u s  response 

4. User Serv ice  

- keypad input  scan 
- parameter s e t t i n g s  
- multimeter readout  
- SOC readout  
- d iagnos t i c  readout  

5. Se l f  Tes t  Capabi l i ty  

- Array and b a t t e r y  and load  monitoring programs 
- Se l f  monitor ing programs 

6 .  RS232C I n t e r f a c e  

Figure 2.2-2 



FINAL REPORT 

The coulombic efficiency of the battery is not 100%. As the battery 
becomes more fully charged, this value drops from near 100% until the 
battery is fully charged and equalized and the coulombic efficiency 
reaches zero. One correction then is to discount some fraction of 
charging current based on SOC. This was implemented. 

The battery's self-discharge rate represents internal reduction of 
SOC without external current flow. This depends on battery 
chemistry, temperature, and age. Therefore, some estimate of 
internal self-discharge rate based on temperature might be used as an 
approximation. However, this was not included in the present unit 
because it is so dependent on manufacturing parameters of the 
battery. 

Battery terminal voltage depends on age, temperature, SOC, rate and 
past history. However, at full charge and at full discharge, the I-V 
characteristic of the battery can be well established, with a 
suitable temperature correction. This means that at a temperature- 
corrected float voltage, the SOC is corrected to 100%, or at a 
minimum voltage the SOC is corrected to 0. Another alternative is to 
measure the current drawn at the float voltage at a given temperature 
and extend the charge cycle (lower the calculated SOC) if it is too 
high. This last was not implemented because it again is very battery 
dependent. The first alternatives were implemented, however. 

Equalization of cells is done as a voltage-limited (temperature 
compensated) charge based on a number of ampere-hours required equal 
to a fraction F of ampere-hours discharged from the battery. After 
the completion of equalization, the charge may have been terminated 
to save water, or a lower voltage trickle charge may might be 
maintained. Based on our experience with systems, the latter was 
chosen. 

An estimate of the time to next required battery watering of amount 
of water required could be made by the processor. This would be 
somewhat inaccurate, but might be of some use in warning of required 
maintenance before actual failure. This was not implemented. 

The battery state of charge is defined to be the fraction of 
nameplate ampere-hour capacity which can be delivered at a nominal 
discharge rate before dropping below a voltage threshhold (typically 
1.75 volts per cell). This changes with the battery temperature. (If 
the value is corrected for temperature, the result may exceed 100% on 
a warm day.) This value was chosen for load control functions, and 
for front panel display of system status. 

Estimates of state of charge by combining voltage, current, and 
temperature using a ROM look-up table at intermediate SOC level has 
been found previously to be inaccurate during charging periods, and 
was not used. Another approach, modelling the battery internally by 
a series of coefficients representing internal circuit elements, has 
been proposed by researchers at Tel Aviv University. See for example 
"Measurement of the State of Battery Charge using Improved Loaded 
Voltmeter Test," E. Ofrey and S. Singer, IEEE Trans, in 
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Instrumentation and Measurement, Vsl . IM-37 No. 3, pp. 754-158, Sept . 
1982. This approach was found to give good long term results, but 
only after a particular make and model of battery was characterized 
extensively. Since this implies a practical limit in the flexibility 
of the controller, this approach was not utilized either. Instead, a 
current integration (amp-hour meter) approach corrected for coulombic 
efficiency based on state of charge was used. This is in turn 
corrected if it exceeds the extreme temperature-compensated voltage 
limits expected for that battery; a much easier parameter to specify. 

To measure battery current within half the rate of the internal self- 
discharge current, it was necessary to resolve to the nearest 550 
hour rate. This compares with typical maximum charge/discharge rates 
of 4 hours typically, or 1 hour in an extreme case. Therefore 
resolution within 9 bits was required. Since the full scale range of 
the shunt may not correspond to the maximum rates (by a factor of 2 
or 3), resolution to 10 bits minimum was required. 12 bit resolution 
would be nice but not absolutely necessary. If 100 millivolt shunts 
are used, this implies offsets near 25 microvolts will be visible. 
Therefore, the design should strive for 12 bit or 25 microvolt 
resolution of battery currents, with only 10 bits or 100 microvolts 
actually required. The use of a 10 bit plus sign A/D converter and 
4X signal averaging was selected. 

One major expansion of the controller's task would be to separately 
calculate SOC of multiple parallel battery strings. This takes up 
some extra RAM, processing time, and implies a higher level of system 
costs to implement for equalizong strings separately. However, 
reliability and cost savings warrant the added complexity in some 
cases. This was not implemented in order to keep controller cost 
down. 

2.2.3 Array Control Considerations 

The PV array must be controlled under the following circumstances: 

1. If a battery is used and is fully charged, to avoid excessive 
water useage. 

2. To avoid excess voltage on the load. 
3. To allow the load(s) to be turned off if the array dconnects 

directly to it, as discussed under load control. 
4. To allow a portion of the array to be safely repaired while 

the remainder of the system is running. 
5. To avoid discharging the battery at night if no isolation 

diode is used. 
6. To protect the array in case of fault. 

Typical means of array control include: 

1. Series contactors or switch elements, usually with series 
diodes in all but some low voltage configurations. 

2. Parallel switch elements acroll the solar array, with a 
series diode batween array strings and the battery. 
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4 .  Switching DC-DC converier elements between array and battery 
usually providing maximum power control. 

The control signals required by these schemes are different. Series 
or shunt regulators require a digital signal for each array string. 
A parallel shunt element might require no signals, or might have a 
digital input to modify the set point voltages for equalization. The 
switching converter requires a pulse width modulated square wave at 
the switching frequency, typically 2kHz to l00kHz being extreme 
values and 20kHz most common. 

Instrumentation of such systems over and above what is needed for 
control, would normally provide one voltage and one current 
measurement for each array string. Since the instrumentation 
provisions are the same, design of the controller must concentrate on 
providing signals for control in the various cases. The first two 
cases (series or parallel) require the same signals. Since 
dissipative shunts are cost effective only in small systems, the 
third case has no impact on microprocessor system design. The last 
case is very well matched to microprocessor systems capabilities. 
Note that many systems are cost effective without built -in 
instrumentation, but with provision for multimeter readings via test 
points. 

Therefore, the most useful way to deal with the series, shunt and 
switching converter array control options was to provide a different 
ROM sub-program for the same basic system design. The maximum number 
of independent subarrays to be controlled must be set and 5 
optoisolated or 10 direct coupled output signals was chosen as good 
number. This number of optoisolated output signals must then be 
supplied, and could be used for either array inputs or load busses 
depending on system requirements and ROM programming. 

Next, considering the option of maximum power control, the ability to 
distinguish small changes in the combined output voltages and current 
generally limits maximum power tracker performance. Therefore, 
careful treatment of the signal to noise ratio and the filtering of 
the input signals is important. This was carefully analyzed during 
design. 

Typically, the power is an insensitive function of the duty cycle 
near a maximum. Therefore, a 2% change in duty cycle F produces a 1% 
change in output power. In the resistive load case, Vo and Io may 
each change 1/28. Therefore, to find the max power point within 18, 
6 bit resolution of duty cycle F and 8 bit resolution of V and I are 
required. Since the system must run at a fraction of full scale, an 
extra 3 bits is needed. Therefore, use of a 10 bit plus sign A/D 
gives adequate resolution. Filtering must recognize the presence of 
20kHz and its harmonics as switching noise, and must produce the 
cleanest differences possible at 100 msec intervals. This means 
averaging a number of samples in the 100 msec window. Four samples 
were averaged. 

Timer capability for 8 bit duty cycle resolution requires, for 20 kHz 
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c a r r i e r s ,  a  t imer  speed of  5  mHz. 'This is  f a s t  f o r  CMOS, s o  perhaps 
a  7 b i t  c a p a b i l i t y  would s u f f i c e ,  o r  a  non-CMOS t imer  could be used. 
The non-CMOS timer was implemental. 

It i s  necessary  t o  recognize  when some o t h e r  l i m i t  is  ope ra t i ng  t o  
d i s a b l e  t h e  max power t r a c k e r .  I n  such a  ca se ,  no change i n  ou tput  
occu r s  except  no i se ,  and t h e  duty cyc l e  should t hen  move toward a  
nominal va lue  o r  remain f ixed .  Remaining i n  a  " d i t h e r w  p a t t e r n  was 
chosen. 

A b i l i t y  t o  manually move t h e  duty cyc l e  up o r  down can be u s e f u l  f o r  
a r r a y  s t r i n g  t e s t i n g ,  a l though it is n o t  o f t e n  r equ i r ed  i n  an 
ope ra t i ng  system. Therefore  a  t e s t / c a l  mode was implemented. 

Based on our  exper ience ,  it is  f e l t  t h a t  up t o  10 power elements  
should be d r iven  by one MPC c o n t r o l l e r ,  each wi th  a  s e p a r a t e  buf fe red  
output .  These may be assumed t o  have t h e i r  o u t p u t s  i n  p a r a l l e l ,  wi th  
s e p a r a t e  subar rays .  Therefore ,  10 buf fe red  o u t p u t s ,  a l l  wi th  t h e  
same pu l se  width modulated s i g n a l  were provided. 10 DC c u r r e n t s  and 
one output  vo l t age  were sampled. 

With p re sen t  product ion power modules r a t e d  a  500W, TriSolarCorp 
could handle  up t o  5 kW wi th  one c o n t r o l l e r .  Larger  systems could 
use mu l t i p l e  c o n t r o l l e r s  o r  a  l a r g e r  power module (perhaps 3 t o  5 kW) 
could be developed. 

There a r e  two b a s i c  c a s e s  i n  our exper ience  when it is use'ful t o  have 
two max power c o n t r o l l e r s  (MPC) o p e r a t i n g  from t h e  same s o l a r  a r r a y .  
The first occu r s  w i th  a  shunt  wound DC motor d r i v i n g  a  pump o r  o t h e r  
device.  The f i e l d  winding r e q u i r e s  power f o r  s t a r t -up  and s o  must 
have h igh  p r i o r i t y  on s o l a r  i npu t  from a p o r t i o n  of  t h e  PV a r r ay .  
Af t e r  30% sun o r  s o ,  t h e  f i e l d  winding i s  f u l l y  exc i t ed  and t h e  rest 
o f  t h e  Oower from t h i s  p o r t i o n  o f  t h e  a r r a y  can be used by t h e  
armature.  The f i e l d  u s u a l l y  r e p r e s e n t s  3% t o  5% o f  t h e  t o t a l  power 
d i s s i p a t i o n  a t  f u l l  load.  Use o f  s e p a r a t e  a r r a y s  and MPC's r e s u l t s  
i n  waste of  6% t o  10% of t h e  system ou tpu t  a t  f u l l  run.  Idea ly ,  t h i s  
can be recovered by us ing  e x t r a  DC-DC conve r t e r s  t o  d i v e r t  some power 
from t h e  f i e l d  p o r t i o n  of  t h e  a r r a y  t o  t h e  armature.  

A secqnd i n s t a n c e  occu r s  when a  water  pump and b a t t e r y  charger  a r e  
combined. The b a t t e r y  may be sma l l  and i d e a l l y ,  a f t e r  t h e  b a t t e r y  i s  
charged, t h e  water  pump could be used f o r  excess  energy use.  
Separa te  a r r a y s  waste t h e  PV output  t o  t h e  b a t t e r y  when it i s  f u l l y  
charged. Running t h e  pump o f f  t h e  b a t t e r y  r e q u i r e s  a  bigger  b a t t e r y  
and l o s e s  energy i n  t h e  b a t t e r y .  

I d e a l l y  one se t  of  DC-DC MPC d r i v e s  would power t h e  f i e l d  of  t h e  
motor o r  charge t h e  b a t t e r y  u n t i l  it reached a  l i m i t .  Then another  
set  of MPC d r i v e s  would p u l l  e x t r a  energy from t h e  same PV s t r i n g s  
f o r  v a r i a b l e  load use.  

Each maximum power c o n t r o l l e r  func t ion  added t o  t h e  c o n t r o l  u n i t  
r e q u i r e s  whatever power cond i t i on ing  elements  a r e  needed, e x t r a  
ou tput  V and I sense  l i n e s ,  and e x t r a  PWM t i m e r ,  an ou tput  on-off 
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control bit, a few bytes of RIM, and a small anount of extra ROM, 
plus the program execution time on a 100 millisecond loop. Since the 
power conditioning can be used as needed, the inputs and timer are 
the biggest penalty to a minimal control element configuration. For 
the prototype, the second MPC was not implemented, but the provision 
of an extra timer was made to allow later implementation. 
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2.2.5 Load Cont ro l  Cons idera t ions  - - 
A v a r i a b l e  load  would be c o n t r o l l e d  by a  p ropor t i ona l  analog s i g n a l  
o f  0-10 v o l t s .  Therefore ,  one such output  was provided,  wi th  
programmable d i r e c t i o n ,  and SOC programmable s e t  p o i n t s  f o r  load 
shedding and load r e s t o r a t i o n .  Resolut ion is no t  important  s i n c e  
on ly  approximate energy useages need t o  be con t ro l l ed .  

Most l oads  a r e  no t  cont inuous ly  power c o n t r o l l e d  and up t o  5 d i s c r e t e  
ou tpu t s  should be provided f o r .  These would be 1 b i t  i s o l a t e d  
o u t p u t s ,  wi th  programmable SOC "ON" and SOC "OFFw set po in t s .  These 
could a l s o  i n c l u d e  back-up gene ra to r s  o r  o t h e r  such devices .  

Manual o v e r r i d e  c a p a b i l i t y  is  probably b e s t  placed i n  t h e  loads  
themselves r a t h e r  t han  i n  sof tware.  However, f o r  s e l f - t e s t  purposes ,  
a r t i f i c i a l  count ing  up and down o f  t h e  SOC c o n t r o l  s i g n a l s  should be 
pos s ib l e .  Therefore ,  a  manual SOC s e t t i n g  c a p a b i l i t y  was included.  

A t  l e a s t  one ou tput  c i r c u i t  f o r  l a t c h i n g  r e l a y  d r i v e  should be 
provided. However, t h i s  was l e f t  f o r  e x t e r n a l  hardware r a t h e r  than  
i n t e r n a l  sof tware .  

Mul t ip le  v a r i a b l e  DC l oads  must be assumed t o  be i n  p a r a l l e l ,  
o therwise  t h e  number of PWM coun te r s  becomes unmanageable f o r  a  
s i n g l e  CPU c o n t r o l l e r  and c o n t r o l l e r  networking is  r equ i r ed .  

AC l o a d s ,  t o  be v a r i a b l e ,  would r e q u i r e  a  v a r i a b l e  vo l t age ' and  
frequency i n v e r t e r .  Drive s i g n a l s  f o r  t h e  po l e s  of such an i n v e r t e r  
might be u s e f u l ,  bu t  might be used f o r  t h i s  func t ion  only  when it i s  
needed, f o r  v a r i a b l e  speed AC pumps o r  compressors. These were n o t  
included.  

P roduc t ' s t o r age  can occur i n  a  number of forms. Examples of  t h i s  
a r e  : 

1. Water tankage (pumping). 
2. I c e  making ( r e f r i g e r a t i o n ) .  
3. Phase change thermal  s t o r a g e  ( r e f r i g e r a t i o n  o r  h e a t  pump). 
4. F e r t i l i z e r  making. 
5. Water h e a t i n g  ( r e s i s t i v e ) .  
6. S a l i n i t y  (water  d e s a l i n a t i o n ) .  

Because of t h e  d i v e r s i t y  of  t ypes ,  t h e  c o n t r o l  i n t e r f a c e  must be 
r e l a t i v e l y  s imple  t o  be s t anda rd i zed .  Typ ica l ly ,  t h e  product  s t o r a g e  
system must i n d i c a t e  when it is  f u l l  and when it i s  empty. Provis ion  
f o r  t h i s  can be f l e x i b l y  accomodated wi th  two r e l a y  c o n t a c t  i n p u t s ,  
one normally c losed  and one normally open. E i t h e r  one i n  t h e  
abnormal s t a t e  should cause t h e  PV system t o  t u r n  OFF, under t h e  
assumption t h a t  product  s t o r a g e  c a p a c i t y  has  been reached. I n  most 
c a s e s ,  a  p a i r  of l e v e l  swi tches  o r  t he rmos ta t s  can provide t h e  
d e s i r e d  s i g n a l s .  The c a p a b i l i t y  of  accept ing  o t h e r  analog i n p u t s  
would be provided i n  hardware anyway. One a lgor i thm f o r  sha r ing  
power between an analog measured product  and a  b a t t e r y  was be 
developed. 
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Output to load control may have to operate over hundreds of feet in 
electrically noisy environments. Grounding of such signals can cause 
problems for the control system. Therefore, all discrete load 
control signals were optoisolated. In low cost applications, the 
optoisolators can be omitted to avoid excessive cost of unnecessary 
options. (This same consideration applies to discrete array control 
signals for series or shunt regulated systems. The same outputs can 
be used, with a programming change.) 

Predictive load control algorithms must take into account primarily 
the state of charge of the battery, and secondly the time of day and 
present insolation. This allowed correction of the load shed 
threshold to a perhaps 10% lower value if the time were 8 to 71 AM 
and the array current was 20% of the maximum, for example. This 
would avoid innecessary cycling of loads. Further use of predictive 
control requires algorithm development and field experience which is 
a good subject for research, but was not currently available for 
implementation in this controller. The controller will facilitate 
the data logging required to obtain parameters for evolutionary 
development of these methods. 

2.2.5 User 
7 

Service Considerations 

As a minimum, any controller must allow the user to turn the MPC ON 
and OFF, and display the battery status. Given the data available to 
this controller, it also provides readouts of all sampled voltages, 
currents, or temperatures. It also provides alarm functions for 
system malfunctions (for example: output over voltages, output over 
current,motor over temperature, array string output zero for more 
than 24 hours) and perhaps some diagnosis of problems (power module 
shorted). Most alarms are visual, with provision for an audio option 
for critical failures. 

Also, parameters of the system might to some extent be field or user 
reprogrammable to allow a single stock controller design to be 
produced for distribution. These parameters might include state of 
charge, number of power modules or array strings, motor voltage, 
battery voltage or capacity, The use of a back-up battery for 
internal memory or electrically reprogrammable ROM (EPROM) becomes 
necessary for this. It was decided to provide manual reassignment of 
load priorities, but all other parameters were fixed in EPROM. 

The interface itself waschosen to be a low cost ($5 to $10) membrane 
switch keypad for input, and a 4 1/2 digit display for output. A 
buzzer or loudspeaker would be optionally plugged in. These features 
were mounted on an inner hinged panel, behind the weatherproof NEMA 
front panel and in a location protested from user contact with any 
live parts. 

This also allows initiation of self-diagnosis routines from the 
keypad, which could test all elements of the processor and 
interfaces. 
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Further diagnosis might be done via-an RS-232 port. This port could 
also provides for data logging of the signals sampled by the 
processor. These included array string input voltages, output 
voltages, and MPC power module output currents. From our experience, 
these facilitate fault diagnosis and isolation as well as permitting 
delivered power and efficiency calculations. 

2.2.6 Self Test Considerations -- 
At the highest level, the processor tests the solar array strings to 
determine if one is weaker than the other. It.warns if the battery 
is too deeply discharged. It announces if a load draws much current. 

At the next level, the controller tests itself. A test of RON, RAM, 
and all output audible and visible alarms is performed on demand. A 
watchdog timer checks of the processor is running at all times. 

To allow both production testing and field repairs, an RS-232 
interface and a small monitor program is useful to exercise the data 
collection, processing, output control, and timing functions of the 
controller under manual control. With only the keypad input and LCD 
readout, a more limited manual checkout of the system and the 
controller is possible. This simply displays voltage and current on 
demand, and allows manual unit turn ON and OFF, plus a scan of all 
parameter settings in the controller. 

A standard hexadecimal 16 keypad suffices for the development systems 
with two preliminary letter keystrokes for function and numbers 0-9 
for string or parameter identification. In production quantities, 
the letters could be replaced by more explicit labels of the 
functions. 

2.2.7 Other Considerations 

In addition to the these functional requirements, the need for a 
product which is easily reproduced without custom drawings for each 
application is important. Also the adaptability of the unit to a 
particular system without large numbers of selector switches, ports, 
jumpers or custom trimmed resistors is vital. Extensive use of 
EPROM, for system parameter and algorithm specification was chosen as 
the most viable approach. The use of replaceable modules at the 
board level into the unit, was found to be necessary for user 
acceptance in locations where PV is to be used. 

Finally, the unit has to be very reliable if it is not to compromise 
the inherent advantage of reliable electric power which makes PV 
systems attractive. This implies use of proper temperature range 
components and minimization of parts count. 

2.3. OPTIONS DEFERRED 

In designing the controller, a number of decisions were made which 
might be re-examined at some future date as component technology 
changes. These are described here to facilitate such future project 
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2.3.1 "Zero Optionw 

I n  looking  a t  t h e  market a n a l y s i s  f o r  PV c o n t r o l l e r s ,  it appears  
t h a t  t h e r e  may be a  p l ace  f o r  a  very  inexpensive (well under $100) 
c o n t r o l l e r  without  many o f  t h e  f e a t u r e s  needed i n  l a r g e  systems. 
Such a  c o n t r o l l e r  would be s imply a  b a t t e r y  r e g u l a t o r ,  wi th  a  s i n g l e  
a r r a y  i n p u t ' a n d  a  s i n g l e  load  ou tpu t .  It would be intended f o r  
systems from 100 w a t t s  t o  1kW peak, where t h e  s i t e  access  c o s t  f o r  
b a t t e r y  maintenance o r  replacement would make s t a t e  o f  charge c o n t r o l  
worthwhile. It would have no in s t rumen ta t i on  o r  d a t a  l ogg ing .  
c a p a b i l i t i e s ,  no s e q u e n t i a l  load  shedding,  no maximum power po in t  
reacking ,  and would be designed o n l y  f o r  12 o r  24 v o l t  b a t t e r i e s .  

However, it would provide a  readout  o f  b a t t e r y  s t a t e  of charge based 
on ampere-hour accumulation and would provide b e t t e r  b a t t e r y  charge 
c o n t r o l  than  t h e  t e n  d o l l a r  vo l t age  limiter wi th  temperature  
compensation which would compete w i th  it. Such a  c o n t r o l l e r  would 
r e q u i r e  very l i t t l e  memory (RAM o r  ROM) and could be implemented wi th  
an 80C48, 146805, o r  equ iva l en t  p rocessor .  I n p u t s  f o r  vo l t age ,  
c u r r e n t  and tempera ture  of t h e  b a t t e r y  would be adequate.  Latching 
r e l a y  d r i v e s  would be app rop r i a t e  f o r  i n p u t  and output .  

The economics of  such a  c o n t r o l l e r  a r e  marginal  a t  p resen t .  I n  t h e  
f u t u r e ,  s u f f i c i e n t  volume ( s e v e r a l  thousand per  yea r )  would al low a 
masked-ROM memory and an inexpens ive  8 b i t  mult iplexed i n p u t ,  
r e s u l t i n g  i n  p a r t s  c o s t s  under $40. Un t i l  such time a s  t h i s  market 
becomes b e t t e r  def ined ,  t h e  v i a b i l i t y  pf such a  product  is  n o t  c l e a r .  
However, a  s p e c i f i c a t i o n  has  been generated f o r  f u t u r e  r e f e r ence .  
The concept  is l a b e l l e d  t h e  "Zero Optionw because it i s  not  one of 
t h e  f i v e  recommended op t ions  f o r  t h e  next  phase of t h i s  c o n t r a c t .  
Figure 2.3.1-1 g ives  t h e s e  s p e c i f i c a t i o n s .  

2.3.2 Larger Power S tages  f o r  Maxpower Cont ro l  - - 
The TriSolarCorp MPC power modules a v a i l a b l e  a t  p r e sen t  a r e  r a t e d  
500W each. The c o n t r o l  of systems l a r g e r  than  about 5kW r e q u i r e s  
t h a t  more t han  10 such power modules be used. This  can be 
accomplished u s i n g  t h e  p re sen t  MAC microprocessor  c o n t r o l l e r  only i f  
no t  a l l  o f  them a r e  monitored, o r  i f  more t han  one MAC be used ,  o r  i f  
r e l a y s  i n s t e a d  of MPC power modules a r e  used. A b e t t e r  s o l u t i o n  is 
t o  develop power modules of near  5kW power r a t i n g .  This  r e q u i r e s  
i n t e r f a c i n g  t o  t h e  MAC wi th  a  pu l se  modulated waveform of t h e  proper  
f requency,  s i n c e  20K HZ implemented a t  p r e sen t  may be t o o  f a s t  f o r  
l a r g e r  devices .  Also t h e  dynamics o f  t h e  c o n t r o l  func t ions  must be 
compatible  wi th  t h e  slower f i l t e r s  of  a  l a r g e r  power module. 

This  development was beyond t h e  scope o f  t h e  p re sen t  c o n t r a c t .  

2.3.3 Mul t ip le  MPC Control  - 
I n  many systems more t han  one max power c o n t r o l  func t ion  is  needed, 
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Array Voltage : 

Array Configuration: 

Array Control : 

Single  Ended Inputs :  

D i f f e r e n t i a l  Input: . 

Control Inputs:  

Battery: 

Bat tery  SOC Control  : 

Bat tery  Voltage Limits:  

Control D i g i t a l  Outputs: 

Manual Entry o r  I / O :  

Display : 

S i n g l e  i n p u t  

Discrete ON/OFF 

B a t t e r y  vo l t age ,  b a t t e r y  
tempera ture  sensed by 10k ohm 
t h e r m i s t o r  

+100mV b a t t e r y  c u r r e n t  shun t  - 
Relay c o n t a c t  c l o s u r e s ,  One NC, One 
NO 

12V o r  24V Nominal, 10 t o  10,000 
ampere-hours, r e q u i r e d  f o r  
opera  t i o n  

Ampere-hour accumulator ,  accuracy 
+lo%, p r e c i s i o n  22% - 
Maximum a b s o l u t e  l i m i t ,  maximum 
temperature-compensated l i m i t ,  
minimum a b s o l u t e  l i m i t  

One f o r  a r r a y ,  one f o r  load,  
l a t e h i n g  r e l a y  d r i v e s  

None 

B a t t e r y  SOC, 2 1/2 d i g i t s ,  LCD 

FIGURE 2.3.1-1 
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since more than one power flow path from an array to a load must be 
controlled. No extra hardware in the CPU would be needed to 
implement the feature, but extra power conditioning hardware would be 
needed as well as appropriate software. This was not implemented in 
the prototype since no specific use was foreseen at present. 

2.3.4 Variable MPC Control - 
The ability to drive standard sumersible AC motors for pumping 
applications would enhance the controller. However, the relation 
between an AC motor and its variable speed drive is particularly 
intimate in terms of protective features and optimal drive 
strategies. 

Implementation of this function was left for a separate unit, with a 
simple interface to the MAC controller via an analog control voltage 
0-10V F.S. This task is well worthwhile when resources are available 
to support it. 

2.3.5 Multiple Battery Strings 

If a large system consists of several parallel-connected battery 
banks, it is possible to compute the state of charge of each one and 
check that each is sharing the load. However, this is not critical to 
the PV system control task and so was not implemented at this time, 
since it impacts the size and speed of the controller. 

2.3.6 System Topologies 

The most fundamental choice in applying a microprocessor controller 
to large PV systems is the overall topology. How many controllers 
will be used, and how will they communicate? Three basic topologies 
were studied. These are described as follows: 

Distributed Controller - -  

The distributed controller is conceptually a number of independent 
microprocessors, each performing a different function in the overall 
system and each located with the equipment it controls. For example, 
in a village power system some control elements might be array 
controllers or max power controllers for separate subarrays, another 
might perform battery management, another control load management 
functions, and another might perform data logging and display 
functions. Only a small amount of slowly changing information would 
be exchanged between them via a bus structure of some kind. Any one 
controller could function in a backup mode without any information 
from other controllers. 

Star Controller - 
In the star configuration, a master controller operates the central 
elements of the system and communicates with remote slave units ar 
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the ports of the "star". These slave elements are simpler, more 
sprcialized units and communicate only with the master controller. 
In a village power system, for example, the master unit might perform 
battery and load management and data logging functions while the 
array controls or max power controllers were slaves. Diagnostic 
displays might be divided among the elements as required. 
Information on battery status would flow from the master unit, and 
array status would return to it. Backup operation would require 
manual control of the battery and loads. 

Central Controls 

In a central control scheme, all control functions reside in one 
controller with no processor or "smartw controls in any other place. 
In a large village system, all array switches or max power trackers 
and loads have their operating states set by the central controller. 
All data logging and most of the instrumentation would also be 
centralized. This configuration allows the most complex algorithms 
since a;; data is available for all functions. It also provides the 
least redundancy and backup capability, unless the central controller 
has it built in. 

Assuming a microprocessor of even minimal complexity at each mode, a 
trade-off study showed that the central topology was the least 
expensive for all but the smallest systems. This was basically 
because the cost of memory, power supply, enclosures, and so on was 
too high for very small units of the distributed or star networks. 
Therefore, the central topology was pursued as the basic requirement 
for the MAC controller. 

However, it should be noted that the MAC can be used in either 
distributed or star configuration under some circumstances. 

If a large system required independent operation of several parts for 
higher reliability, several MAC units could be operated 
independently. No information would be exchanged between them, 
unless further development of a multi-station RS232C bus were 
completed. 

Also, if a system had a number of "dumbM controllers such as the low 
cost TriSolarCorp BCR unit, each of these with its subarray could be 
treated as a discreet-switched string and controlled and monitored by 
a sequentially switched segmented array control, a very good way to 
handle large low voltage DC systems. The MAC would provide 
everything except max power tracking for such a system. The three 
basic topologies are diagrammed in Figure 2.3.6-1. 

As part of the trade-off of system topologies, a Failure Mode and 
Effects Analysis (FMEA) was done for each option. Figure 2.3.6-2 
shows the system level failure modes of the unit and their results. 
Figure 2.3.6-3 takes these failure modes and compares the impact of 
each of failure on overall system operation. As is easily seen, the 
impact of distributed system failures is far less than star system 
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M A ,  SYSTEM LEVEL 

Function 
Lost 

Array Control 
P a r t i a l  

Total  

Bat tery  Control 

Load Control 

Instrumentat ion 

Data Logging & 
Communications 

S e l f  Test  

~ i i t r i b u t e d  S t a r  

Reduced output  Reduced output  
u n t i l  scheduled u n t i l  scheduled 
maintenance maintenance 

Grea t ly  reduced Grea t ly  reduced 
o u t p u t  u n t i l  o u t p u t  u n t i l  
scheduled main- scheduled main- 
tenance tenance 

manual opera t ion manual opera t ion 
modular replace- master u n i t  r e -  

placement 

Manual load Manual opera t ion,  
opera t ion ,  mod- Master u n i t  r e -  
u l a r  replacement placement 

Operationa1,sched- Operat ional ,  
u led  maintenance scheduled mainte- 

nance 

Manual opera t ion,  Manual opera t ion ,  
modular replace- modular replace-  
ment men t 

Operat ional ,  - Operational ,  
scheduled mainte- scheduled mainte- 
nance nance 

Centra l ized 

Reduced output  
u n t i l  scheduled 
maintenance 

T o t a l  shutdown 
c o n t r o l l e r  re- 
placement 

t o t a l l y  manual 
. operat ion,con- 

t r o l i e r  replace- 
ment 

T o t a l l y  manual 
opera t ion ,  con- 
t r o l l e r  replace- 
men t 

Manual opera t ion 
Con t r o l l e r  re-  
placement 

Operat ional ,  
scheduled main- 
tenance ,  modular 
replacement 

Operat ional ,  
scheduled mainte- 
nance, c o n t r o l l e r  
replacement 

FIGURE 2.3.6-2 



FMEA IMPACT CHART 

ANY ONE ELEMENT: FAILURE DISTRIBUTED STAR CENTRAL 

Power Supply 
Low 
High 

A/D Converter 
Cal ibra t ion 
No output  

Display and I n t e r f a c e  
P a r t i a l  
To ta l  

Array Control 
P a r t i a l  
To ta l  

UART/RS-232 
Tota l  

CPU & Memory 
Tota l  

Current Meas. Max o r  Analog Mix 
P a r t i a l  
Tota 1 

NOTE: l=degraded performance, scheduled maintenance 
2=manual opera t ion  u n t i l  maintenance 
3 = t o t a l  f a i l u r e  

FIGURE 2.3 .6-3  
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failures, which in turn are less than central system failures. 

2.3.7 Other Processors 

The choice of processor is very fundamental to the realization of the 
controller. Based on the previous decisions, we needed a processor 
with 8-bit data bus, 16-bit address bus, and instruction times below 
5 microseconds. A list of these are attached in Figure 2.3.7-7. In 
addition, memory requirements were estimated to be 2K of RAM and 12K 
of EPROM. 

This was too much for the chips with on-chip memories which were 
available for the "zero optionw. Also, using a chip with all address 
and data lines available allowed system expansion for larger 
applications. 

Major considerations then became power level (CMOS preferred), 
availability, support, and cost. These reduced the field to two 
major competitors, the national NSC 890 and the various suppliers of 
the 6502. The main attractions of the NSC800 were availability 
and low power. In particular, the modular MA2000 version of the 
NSC80Q looked attractive as a compact package. However, availability 
of the MA2000 in the time frame required was a problem, and the cost 
of the NSC80Q in any form was higher because of the interfacing 
needed for its address and data busses. Development support for the 
65C02 was more available at the facilities which needed it, and the 
cost was very low, the CPU only $10 in large quantities. After 
evaluations of samples from both GTE and Rockwell, this bacame the 
choice for the project. The availability of NMOS versions of most of 
the family at lower cost for breadboarding was also useful. 

Analysis of the cost of the 65C02-based processor, which is suitable 
for any-of the three geometries and can meet all the preliminary 
design requirements, shows that its hardware cost, in small quantity 
production, in materials alone will exceed the $300 cost target, 
*meant to include labor and overhead as well. This problem motivated 
a careful look at lower cost alternatives which could be used in some 
topologies (perhaps as a peripheral unit of a star configuration) or 
with reduced capabilities. The number of analog inputs and load bus 
controls, plus the WART support requirements, were the driving force 
behind the processor choice. Therefore, a lower cost alternative was 
generated which approached the operational requirements of the system 
with less input and output. 

The dramatic cost reduction possibilities lay in the use of a single 
chip computer with inboard EPROM. The chip selected for closest 
approach to the 65C02 in instruction set and largest memory capacity 
was the MC1468795G2. This has 2106 bytes of EPROM, 172 bytes of RAM, 
internal timer, 32 I/O lines, bootstrap programming and is plug 
compatible with a masked ROM version for future cost reduction in 
larger quantities. It combines CMOS power levels with a versatile 
instruction set. Its limitations for our application are expected to 
be the number of 1/0 lines and the amount of ROM. Its advantage is a 
cost reduction of almost a factor of two. 
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COMMERCIALLY AVAILABLE CMOS MICROPROCESORS WITH 8 BIT WIDE DATA PATHS AND INSTRUCTION TIMES BELOW 5 MICROSECONDS (CON'T) 

~ O S H  I BA TMP80C3GP-6 4K 2.515 
ISC 

9 6 1 16GP NO 1. 8039 NMOS COMPATIBI 
64 BYTES 

'IV T 

ACCUM 2. 27 1/0 LINES 
3 .  NO HIGH LEVEL LANCl 

SUPPORT 

?C A 1805 64K 4/6 113 1 16GP NO 1. 8 BIT COUNTER-TIMET 
64 BYTES 2. SOME HIGH LEVEL LAP 

SUPPORT 

: IVI"I'HS1 L IN6 1 00 4K 2*5/5*5 8 1 1 ACCUM NO 1. PDP-8 INSTRUCTION : 
MQ 2. 4v TO I I V  OPERATIO) 

3.  12 BIT DATA PATH 

IOTES: A) All u n i t s  have expansion I/O c a p a b i l i t y  ' 

B) Memory d i r e c t  add res s ing  c a p a b i l i t y  
C) RAM on CHIP 
D) ROM on CHIP 
E) I n  microseconds 



FINAL REPORT 

To allow use of this chip, the array string currents are summed prior 
to sampling. The individual array string currents and voltages, if 
needed for instrumentation, must be switched manually to a metering 
input of the processor. Also, the two (not five) output bus lines 
are not measured automatically, although these too could be manually 
metered the same way. Only one PWM output is supported, with no 
analog output signal. Finally, the limited I/O of the chip will not 
support a UART for RS-232 linkage in addition to its other tasks. 
Communication via two dedicated digital inputs and one analog input 
is provided. Self test functions are minimized. 

However, with these reductions, the processor can perform the key 
array control, battery charge control, load management, 
instrumentation, and self test functions in the system design 
requirements. The unit would be able to meet the requirements of the 
many small applications at a competitive cost, with the sacrifice of 
more complex system capability. 

To meet more complex system requirements, the small processor option 
could be used in the following ways: 

1. As a peripheral unit of a star configuration, with the two 
digital and one analog input lines to the hub element, the unit 
works. The central unit might be the 65C02 based controller or 
another small controller configured with no analog inputs but UART 
interface for data logging and a sinplifies link to the peripheral 
units. 

2. As a multiple processor central unit, with one major function 
for each chip. 

As a distributed processor element, the limited I/O capability makes 
the small processor option unfeasible. The small processor was not 
implemented in the prototype. 

2.4 CONTROLLER SPECIFICATIONS - 
Having selected the important functions of the MAC unit, and deferred 
the options not to be included now, the requirements for the unit can 
be summarized as a specification. This is done in Figure 2.4-1. 

Array Voltage +10.0V to +78.0V or 
+40 to +300.0V, 
Input power under 5 watts 

Array Configuration 1 to 10 string 
40 to 500W per string 

Array Control Discrete string ON/OFF or maximum 
power control by Pulse Width Modulator 
(PWM) down converter 

Tracking Accuracy Within 1% of maximum output power 
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Control  PWM I n t e r f a c e  12.5V (+lV/-.05V) pu l se  width modulated 
20kHz CMOS l o s i c  l e v e l ,  up t o  70 buf fe red  
ou tpu t s  which can be connected t o  e i t h e r  
one of 2  independent PWM d r i v e r s  o r  a r e  
usab le  a s  10 s e p a r a t e  d i s c r e t e  c o n t r o l  
s i g n a l s .  

S ing l e  Ended Sense Inpu t s  +/- 4V DC f u l l  s c a l e ,  +/- 2% accuracy,  
10k ohm source  impedance maximum. 16 
vo l t age  channels  p l u s  2 the rmis to r  
channels  

D i f f e r e n t i a l  Inputs  

Control  Inpu t s  

Ba t t e ry  

+/- 100mV f u l l  s c a l e ,  +/- 2% accuracy,  
+/- 2V common mode maximum, 1K ohm 
source  impedance maximum, 16 channels  

Two con tac t  ac tua t ed  i n p u t s ,  one f o r  
normally open and f o r  normally c losed  
con tac t s .  One manual system is  shutdown. 
Normally open is ON. Contact r a t i n g  
r equ i r ed  is  15V DC, 2  mA DC. 

No b a t t e r y  is  r equ i r ed ,  o r  with b a t t e r y ,  
12V t o  240V nominal, 700 t o  10,000 
ampere-hours . 

Bat t e ry  SOC Cont ro ls  Ampere-hour accumulator accuracy +/- 5%, 
p r e c i s i o n  +/- 1%. 

Ba t t e ry  Voltage Limi ts  Maximum a b s o l u t e  l i m i t ,  maximum 
temperature  compensated charging l i m i t ,  
maximum temperature  compensated f l o a t  
l i m i t ,  minimum abso lu t e  l i m i t ,  a l l  
programmable 

Control  D i g i t a l  Outputs Op to i so l a to r  o u t p u t s ,  6 t o t a l ;  p a i r s  may 
be used a s  l a t c h i n g  r e l a y  d r i v e r s .  

Cont ro l  Analog Output 1  ou tput  +10V f u l l  s c a l e ,  accuracy +/- 2% 
r e s o l u t i o n  8 b i t s  minimum. 

Tes t  and Logger Output RS232 i n t e r f a c e ,  300 baud, f u l l  duplex 
Other r a t e s  programmable by EPROM change. 

Display 

Manual Input  

Power D i s s ipa t ion  

LCD 4 1/2 d i g i t  d i s p l a y  of  b a t t e r y  SOC, 
any analog sensed i n p u t ,  c a l c u l a t e d  
parameters ,  o r  e r r o r  codes. 

16-key keypad t o  s e l e c t  ' d i sp layed  
q u a n t i t i e s  o r  s e l f - t e s t  

5  wa t t s  o r  l e s s  f o r  c o n t r o l  elements on ly  
no t  i nc lud ing  power modules o r  r e l a y s  
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Power to Other Elements i72.5~ (+lV/-0.5V) at 0 to 50 mA 

System Loads Battery, resistive DC, permanent magnet 
or wound field DC motor, inverter/battery 

Ambient Temperature Operating -25 degrees C to +45 degrees C, 
shipping -45 degrees C to +85 degrees C 

Enclosure NEMA-4 



3.0 DESCRIPTION 

3.1 HARDWARE DESCRIPTION 

The pro to type  microprocessor PV system c o n t r o l l e r  c o n s i s t s  o f  a  NZMA- 
4  enc losure  con ta in ing  t h e  fo l lowing  major e l e c t r o n i c  assemblies:  

A .  Power Supply 
B. Display and Control  I n t e r f a c e  
C. Res i s to r  Divider  Board 
D. Power Modules (10)  
E. Processor  

A block diagram i s  shown i n  F igure  3.1-1. A photograph o f  t h e  u n i t  
wi th  i n t e r n a l  cover open i s  shown i n  F igure  3.1-2. Schematic diagrams 
a r e  a t tached  i n  Appendix I. 

3.1.1 Power Supply 

The power supply c o n s i s t s  o f  a  wide i npu t  range DC t o  DC down 
conver te r  and a  multi-output f lyback  DC t o  DC conver te r .  Tota l  t a r e  
l o s s  i s  0.35 wa t t s .  The downconverter accep t s  40V t o  300V DC and 
produces 13.2 v o l t s  ( r e f e r r e d  t o  a s  a  nominally +12V l e v e l )  a t  up t o  
0.6 amperes, with an e f f i c i e n c y  of approximately 64 percent .  This  
can charge a  12 v o l t  b a t t e r y  and can d i r e c t l y  d r i v e  t h e  f lyback  s t a g e  
whether a b a t t e r y  i s  p re sen t  o r  no t .  The f lyback conver te r  produces 
r egu la t ed  +5V DC a t  up t o  0.7 amperes, p l u s  unregulated ou tpu t s  of  
nominally -5V and -72V DC. Its e f f i c i e n c y  a t  t h e  +5V output  i s  
approximately 84% The processor  l o g i c  r u n s  on t h e  b a s i c  +5V ou tpu t ,  
t h e  analog s i g n a l  cond i t i on ing  a m p l i f i e r s  and RS232 i n t e r f a c e  run on 
+/-12V, t h e  analog mu l t i p l exe r s  run  on +5V, and t h e  power modules run 
on +72V.' T o t a l  d i s s i p a t i o n  i n  t h e  c o n t r o l l e r  from a  h igh  vo l t age  
PV a r r a y ,  with NMOS EPEOM1s (CMOS u n i t s  were no t  ye t  r e a d i l y  
a v a i l a b l e )  was 4.7 w a t t s ,  d i s t r i b u t e d  a s  fol lows:  

Processor  and d i s p l a y  2.OW 
Power supply 2.3W 
Power modules 10 a t  40mW = 0.4W 

The l a r g e s t  s i n g l e  power use  is  i n  t h e  9573 t imer  c h i p  on t h e  
processor  board,  which uses  about one wat t  a t  f i v e  v o l t s .  If a  
s e p a r a t e  12 v o l t  supply o r  b a t t e r y  i s  used,  t h u s  avoiding down 
conver te r  l o s s ,  t o t a l  d i s s i p a t i o n  is only  t h r e e  wat t s .  

The power supply i s  f u l l y  s h o r t  c i r c u i t  p ro t ec t ed ,  a l l  ou tpu t s  a r e  
over-voltage clamped, and t h e  f i v e  v o l t  ou tput  has  an over-voltage 
crowbar r e s e t  by power o f f .  

3.1.2 Display - and Control Interface 

The d i s p l a y  board c o n s i s t s  of  a  4-1/2 d i g i t  LCD d i s p l a y ,  a  16 key 
membrane swi tch  pad ( c a l c u l a t o r  s t y l e ) ,  an aud ib l e  a larm,  and t h r e e  
LED1s: RED, YELLOW, and GRZEN. The keypad al lows manual c o n t r o l  





FIGURE 3.1-2 

M I  CROPROCES SOR CONTROLLER 



(under password s e c u r i t y )  of  t h e  system and c a l l s  up any one of  over 
50 d i f f e r e n t  q u a n t i t i e s  t o  be d i sp layed .  The d i s p l a y  normally shows 
b a t t e r y  s t a t e  o f  charge but  can d i s p l a y  t h e  vo l t age ,  c u r r e n t ,  o r  
power of  any a r r a y  s t r i n g ,  load bus,  b a t t e r y ,  motor, o r  o t h e r  
monitored p o i n t ,  monitored tempera tures ,  o r  t ime o f  day. The LED'S 
summarize system s t a t u s :  The GEEEN LED shows t h a t  t h e  processor  i s  
running and s e r v i c i n g  t imer  i n t e r r u p t s .  The RZD LED i n d i c a t e s  t h a t  
t h e  b a t t e r y  i s  dangerously low and loads  have been shed,  and t h e  
YELLOW LED i n d i c a t e s  t h a t  s t o r e d  energy i s  i n  s h o r t  supply and should 
be conserved. A l i s t i n g  of  t h e  keypad-accessible func t ions  i s  given 
i n  t h e  sof tware  s e c t i o n  of t h i s  r e p o r t .  

3.1.3 R e s i s t o r  Divider  Board 

The r e s i s t o r  d i v i d e r  board s e r v e s  a s  an i n t e r f a c e  between t h e  high 
vo l t ages  i n  t h e  power system and t h e  low vo l t age  s i g n a l s  measured by 
t h e  processor .  High vo l t ages  above 40 V a r e  a t t e n u a t e d  by a  r a t i o  of 
1Q0 t o  1  before  measurement while  vo l t ages  from fou r  v o l t  t o  40 v o l t  
f u l l  s c a l e  a r e  a t t enua t ed  by 10 t o  1. 

3.1.4 Power Modules 

The power modules a r e  500 wat t  DC t o  DC c o n v e r t e r s  used t o  couple  t h e  
180 v o l t  nominal s o l a r  a r r a y  i n p u t s  t o  t h e  120 v o l t  nominal b a t t e r y  
and load  bus. These a r e  20kHz swi tch ing  type  bucking conve r t e r s ,  
wi th  t y p i c a l  e f f i c i e n c y  of 98 % They inc lude  i n t e r n a l  f a s t  c u r r e n t  
l i m i t i n g .  Ten power modules a r e  provided i n  t h e  pro to type .  

3.1.5 Processor  

The processor  i s  a  l a r g e  board con ta in ing  t h e  fo l lowing  p a r t s :  

7 .  Cen t r a l  Processor:  CPU, timer, ROM, RAM 
2. Analog inpu t  s e c t i o n :  d i f f e r e n t i a l  c u r r e n t ,  

m u l t i p l e x e r ,  single-ended vo l t age  mu l t i p l exe r ,  
and 10 b i t  p lu s  s i g n  A/D conver te r  

3. Display and c o n t r o l  i n t e r f a c e :  UART f o r  RS232 
i n t e r f a c e  suppor t ;  PIA f o r  keypad, LED, LCD, 
and i n t e r r u p t  suppor t ;  s i x  o p t o i s o l a t o r s  f o r  
load c o n t r o l  

4. Array c o n t r o l  b u f f e r s :  10 d i g i t a l  o u t p u t s  
which can be used a s  pu l se  width modulated 
2QkHz s i g n a l s  f o r  t h e  power modules f o r  
maximum power p o i n t  t r a c k i n g ,  o r  can be swi tch  
d r i v e  s i g n a l s  f o r  d i s c r e t e  a r r a y  c o n t r o l .  

The c e n t r a l  p rocessor  i s  b u i l t  around a  65C02 CPU which o p e r a t e s  a t  
1MHz wi th  an e i g h t  b i t  d a t a  bus and a  76 b i t  address  bus. This  
add re s se s  16k b y t e s  o f  CMOS EPROM and up t o  6k bytes  of  CMOS RAM. 
(This  program r e q u i r e s  on ly  2K of  RAM.) Address and d a t a  bus b u f f e r s  
s e p a r a t e  t h e  c e n t r a l  p o r t i o n  of  t h e  processor  from t h e  rest o f  t h e  
c o n t r o l l e r .  A m u l t i p l e  timer, t h e  AM9513, is used t o  gene ra t e  t h e  
4MHz master  c r y s t a l  o s c i l l a t o r  c lock ,  IMHz system c lock ,  t h e  t ime of  
day, t h e  two pu l se  width modulated 20kHz o u t p u t s ,  t h e  16X baud r a t e  



c l o c k  f o r  t h e  RS232 p o r t ,  and a  Ums6c i n t e r r u p t  used i n  t h e  program. 
A l l  "g lue"  c h i p s  ( a s s o r t e d  s m a l l  g a t e s )  a r e  o f  t h e  7UHC f a m i l y  f o r  
adequa te  speed  a t  CMOS power l e v e l s .  An a d d r e s s  decoder  f o r  o t h e r  
major s e c t i o n s  of  t h e  c o n t r o l l e r  i s  a l s o  i n c l u d e d  i n  t h i s  s e c t i o n .  

The h e a r t  o f  t h e  a n a l o g  i n p u t  s e c t i o n  is t h e  AD7571 a n a l o g  t o  d i g i t a l  
c o n v e r t e r .  T h i s  new d e v i c e  i s  a  CMOS low c o s t  u n i t ,  w i t h  10 b i t s  
p l u s  s i g n  a c c u r a c y ,  and i n t e r n a l  i n t e r f a c e  t o  an 8 b i t  m i c r o p r o c e s s o r  
bus .  It i s  used i n  its "RAM moden, e x t e r n a l l y  c locked  a t  500kHz, t o  
g i v e  an 88  microsecond c o n v e r s i o n  t i m e ,  w i t h  an e x t e r n a l  TLu31 
p r e c i s i o n  r e f e r e n c e .  Simple e x t e r n a l  a d d r e s s  g a t i n g  and b u f f e r i n g  
i n c l u d e d  h e r e  a l s o  p r o v i d e  m u l t i p l e x i n g  o n t o  t h e  d a t a  bus  o f  
c o n v e r t e r  s t a t u s ,  a s  w e l l  a s  two t i m e  o f  day a la rm o u t p u t s  and two 
e x t e r n a l  c o n t r o l  s w i t c h  s t a t u s  b i t s .  

The i n p u t  t o  t h e  c o n v e r t e r  comes from an a n a l o g  m u l t i p l e x e r .  T h i s  
c o n s i s t s  o f  a  low o f f s e t  b u f f e r  a m p l i f i e r ,  channe l  s e l e c t i o n  l a t c h ,  
t h r e e  8-input s ingle-ended CMOS m u l t i p l e x e r s ,  and i n p u t  f i l t e r s .  
T h i s  s e r v i c e s  i n p u t s  f o r  16 v o l t a g e  sampl ing  c h a n n e l s ,  16 c u r r e n t s ,  
two t h e r m i s t o r  i n p u t s ,  a  uv r e f e r e n c e ,  a  ground r e f e r e n c e ,  and t h e  
c u r r e n t  measurement d i f f e r e n t i a l  m u l t i p l e x e r .  Zach v o l t a g e  s e n s e  
i n p u t ,  w i t h  +/-4volt  r a n g e ,  i n c l u d e s  a  d i o d e  clamped a n t i - a l i a s i n g  
f i l t e r  t o  avo id  a v e r a g i n g  e r r o r s  when sampl ing a t  t h e  4msec i n t e r r u p t  
r a t e ,  and which a l s o  f i l t e r s  o u t  !?FI and p r o t e c t s  a g a i n s t  h i g h  
v o l t a g e  s p i k e s .  F i l t e r i n g  th roughout  t h e  m u l t i p l e x e r  sys tem is  
e x t e n s i v e ,  b u t  s e t t l i n g  t i m e  i s  l i m i t e d  ma in ly  by t h e  s l e w  r a t e  
r e q u i r e m e n t s  o f  t h e  b u f f e r  a m p l i f i e r s .  Measured room t e m p e r a t u r e  
accuracy  th rough  t h e  A./D c o n v e r t e r  is +/-0.2 p e r c e n t .  

C u r r e n t  s e n s e  i n p u t s ,  w i t h  +/-100mV r a n g e ,  u t i l i z e  a  d i f f e r e n t i a l  
m u l i p l e x e r  w i t h  g a i n  o f  40. T h i s  c o n s i s t s  o f  a n  a d d r e s s  decoder ,  an 
i n s t r u m e n t a t i o n - a m p l i f i e r  s t y l e  b u f f e r  a m p l i f i e r ,  f o u r  &-input d u a l  
CMOS m u l t i p l e x e r s ,  and a  d i f f e r e n t i a l  a n t i - a l i a s i n g  f i l t e r  on each o f  
76 channe l s .  T h i s  i s  a l s o  clamped f o r  s p i k e  s u p p r e s s i o n  and can 
t o l e r a t e  + / -3vo l t s  common mode w i t h o u t  s i g n i f i c a n t  accuracy  
d e g r a d a t i o n .  T h i s  is needed t o  a l l o w  c u r r e n t  s h u n t s  a t  r e a s o n a b l y  
remote  l o c a t i o n s  i n  a l a r g e  sys tem,  where w i r i n g  r e s i s t a n c e  d r o p s  can 
c a u s e  common mode o f f s e t s .  Accuracy o f  2% can  b e  t r i m m e d  t o  b e t t e r  
t h a n  15,  w i t h  a  DC common mode r e j e c t i o n  r a t i o  o f  60db minimum. 

C r o s s t a l k  i n  e a c h  s t a g e  o f  m u l t i p l e x i n g  i s  l e s s  t h a n  0.7%, channe l  t o  
c h a n n e l ,  o c c u r i n g  w i t h  7Qk s i g n a l  s o u r c e s  a t  t h e  v o l t a g e  s e n s e  l i n e s .  
T h i s  i s  l i m i t e d  by t h e  " o f f w  r e s i s t a n c e  of  t h e  low c o s t  m u l t i p l e x e r s  
u s e d ,  and is  a d e q u a t e  f o r  t h i s  a p p l i c a t i o n  b u t  could  be improved,  
s i n c e  a  w o r s t  c a s e  e f f e c t i v e  o f f s e t  o f  j u s t  under  +/-2% could  r e s u l t .  

A n t i - a l i a s i n g  f i l t e r  d e s i g n  o f  t h e  c u r r e n t  s e n s e  i n p u t s  i s  based upon 
t h e  p o s s i b i l i t y  o f  180 o r  720Hz s q u a r e  waves on t h e  b a t t e r y  c u r r e n t  
l i n e ,  sampled a t  t h e  Umsec r a t e  and averaged 16 t i m e s ,  r e s u l t i n g  i n  
a n  accuracy  o f  b e t t e r  t h a n  f i v e  p e r c e n t .  

The d i s p l a y  and c o n t r o l  i n t e r f a c e  c o n s i s t s  o f  a  65SC21 p e r i p h e r a l  
i n t e r f a c e  a d a p t e r  (PIA) and an o c t a l  l a t c h .  The l a t c h  d r i v e s  s i x  
4N32 o p t o i s o l a t o r  o u t p u t s  v i a  a  hex b u f f e r  and s e r i e s  r e s i s t o r s .  



These r e s i s t o r s  determine t h e  ou tput  d r i v e  c a p a b i l i t y ,  and a r e  
p r e s e n t l y  s e t  f o r  30 ma output  d r ive .  

The PIA provides  two programmable 8 b i t  input /ou tput  p o r t s  and two 
p a i r s  of  dua l  programmable i n t e r r u p t  l a t c h e s .  The input /ou tput  p o r t s  
s e r v i c e  t h e  LCD d i s p l a y ,  t h e  keyboard, and t h e  s i g n a l s  f o r  t h e  LZD's 
and audio alarm, and a r e  i n p u t s  f o r  t h e  UART s t a t u s  f l a g s .  The 
i n t e r r u p t s  provide f o r  t h e  4msec t imer  and t h e  panic  shutdown swi tah  
func t ions  a s  wel l  a s  UART s e r v i c e .  

The RS232 p o r t  is provided by an IM6402 CMOS UAPT, which with a  few 
d i s c r e t e  d r i v e r  e lements ,  makes a  complete b i -d i r ec t i ona l  
asynchronoeus communications i n t e r f a c e .  A t  p r e s e n t ,  t h e  p a r i t y ,  
frame, and overflow e r r o r  f l a g s  a r e  ignored because a  s i n g l e  system 
s e t t i n g  of  baud r a t e  and framing b i t s  make t h e s e  e r r o r s  u n l i k e l y  and 
e r r o r  recovery i n  an una t tended ,  s t and  a lone  system i s  imprac t i ca l .  
This  p o r t  a l lows d a t a  logging t o  an e x t e r n a l  p r i n t e r ,  automated 
t e s t i n g  dur ing  manufacture,  o r  computer i n t e r f a c i n g  i n  s p e c i a l  
a p p l i c a t i o n s .  

The a r r a y  c o n t r o l  funo t ions  c o n s i s t  of  a  s e t  of  l a t c h e s ,  g a t e s ,  and 
b u f f e r s  a l lowing 72 d i g i t a l  o u t p u t s  t o  be d r iven  a s  independent r e l a y  
d r i v e  s i g n a l s  f o r  d i s c r e t e  a r r a y  c o n t r o l ,  o r  a s  s e p a r a t e l y  buf fe red  
pu l se  width modulated 2QkHz s i g n a l s  f o r  maximum power po in t  t r ack ing .  
A watchdog t imer  t u r n s  o f f  t h e  a r r a y  c o n t r o l  and load ou tpu t s  i f  t h e  
processor  f a i l s  t o  r e s e t  i t  wi th in  8Qmsec. An a d d i t i o n a l  analog 
o u t p u t ,  Q t o  10 V ,  i s  a v a i l a b l e  f o r  cont inuous analog c o n t r o l  of  
v a r i a b l e  l oads  such a s  v a r i a b l e  speed motor d r i v e s .  This  i s  r e a l i z e d  
by low pass  f i l t e r i n g  of  a  second PWM s i g n a l .  A l t e r n a t i v e l y ,  t h e  42 
a r r a y  c o n t r o l  ou tpu t s  can be p a r t i t i o n e d  between t h e  two PWM s i g n a l s  
t o  provide  max power t r a c k i n g  i n t o  two independent l oads ,  a l though 
t h e  p re sen t  sof tware  doesn ' t  y e t  f u l l y  suppor t  t h a t  mode of 
ope ra t i on .  

3.2 SOFTWARE DESCRIPTION 

The sof tware  des ign  was based on two dec i s ions .  F i r s t ,  t h e  sof tware  
is modular. This  a l lows an o r d e r l y  l i n k i n g  of sof tware  moudles us ing  
t h e  p r i n c i p l e s  of s t r u c t u r e d  programming and al lows modules t o  be 
modified without  i n t e r f e r i n g  with t h e  rest of  t h e  program. Second, 
t h e  modules were def ined  us ing  "pseudocodev, an e x p l i c i t  d e f i n i t i o n  
of  each a lgor i thm i n  p l a i n  Engl ish wi th  a  program format.  This  
allowed c l e a r  communication between system des igne r ,  hardware 
des igne r ,  and sof tware  des igner  i n  advance of a c t u a l  programming and 
eased t h e  t a s k  o f  u n i t i n g  assembly language code, 

The MAC u n i t  is  designed t o  o p e r a t e  without  needing any human 
i n t e r v e n t i o n .  It performs t h e  fo l lowing  f u n c t i o n s  au tomat ica l ly :  

1. Bat t e ry  Control  
2. Array Control  
3. Load o r  a u x i l i a r y  d i s p l a y  on t h e  

c o n t r o l  panel  
4. S t a t u s  d i s p l a y  on t h e  c o n t r o l  panel  



5. S e l f - t e s t  
6. Data logging v i a  RS232C p o r t  

I n  a d d i t i o n ,  t h e  MAC u n i t  p rovides  t h e  fo l lowing  f a c i l i t i e s  f o r  
manual c o n t r o l :  

1. Manual b a t t e r y  charge i n i t i a l i z a t i o n  
2. Manual a r r a y  c o n t r o l  
3. Manual load o r  a u x i l i a r y  charger  c o n t r o l  
4. Control  pane l  d i s p l a y  o f  system 

ope ra t i ng  parameters  
5. Manual t e s t  c a l i b r a t i o n  mode and t ime o f  

day 
6. Remote c o n t r o l  and parameter measurement 

o r  automated t e s t i n g  v i a  t h e  RS232C po r t  

Zach func t ion  i s  descr ibed  below, with t h e  automatic  and manual 
f u n c t i o n s  descr ibed  t o g e t h e r  f o r  e a s e  of  understanding.  A complete 
pseudocode l i s t i n g  by subprograms i s  given i n  Appendix T I .  The key 
parameters  f o r  a  sample system p e r s o n a l i z a t i o n  of  t h e  MAC a r e  given 
i n  Figure 3.2-1. A d e t a i l e d  l i s t i n g  of  t h e  ob j ec t  code is  a v a i l a b l e  
i n  t h e  Task 111 In te r im  Peport .  

3.2.1 Battery Control 

The s t a t e  of  charge d e s c r i b e s  t h e  b a t t e r y ' s  cond i t i on  a t  an i n s t a n t  
i n  time. The s t a t e  of charge of t h e  b a t t e r y  i s  def ined t o  be a  
percentage equa l  t o  100 t imes  t h e  number of  ampere-hours t h e  b a t t e r y  
can d e l i v e r  a t  25 C a t  i t s  s p e c i f i e d  r a t e ,  divided by t h e  b a t t e r y ' s  
r a t e d  ampere-hour capac i ty  a t  25 degrees  cen t ig rade .  This  is always 
l e s s  t han  100 percent .  

The co r r ec t ed  s t a t e  of charge is def ined  t o  be a  percentage equa l  t o  
100 t imes  t h e  number of ampere-hour c a p a c i t y  a t  25 C .  Note t h a t  t h i s  
can be g r e a t e r  than 100 percent .  

The i n i t i a l  b a t t e r y  s t a t e  o f  charge can be en t e r ed  manually from 
e i t h e r  t h e  keyboard o r  t h e  RS232C t e rmina l .  This  can be based on a  
hydrometer r ead ing  o f  b a t t e r y  ac id  d e n s i t y ,  o r  simply an e s t ima te .  
I f  it is wrong, t h e  system w i l l  even tua l ly  c o r r e c t  i t  without  damage 
t o  t h e  b a t t e r y .  Defaul t  va lue  a t  power-up i s  50 percent .  

The s t a t e  of charge is  increased  by t h e  number of  ampere-hours 
f lowing i n t o  t h e  b a t t e r y ,  and decreased by t h e  number of ampere-hours 
f lowing ou t  of  t h e  b a t t e r y .  Bate of  i n c r e a s e  is  modified by a  
t abu la t ed  coulombic charg ing  e f f i c i e n c y  which depends on s t a t e  of 
charge a s  fo l lows:  
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CHARGING EFFICIENCY 

SOC - ZFFICIZNCY 

I f  t h e  b a t t e r y  vo l t age  reaches  97% of i t s  f l o a t  vo l t age  ( co r r ec t ed  
f o r  t empera tu re ) ,  i t  is au toma t i ca l l y  determined t h a t  t h e  b a t t e r y ' s  
s t a t e  of  charge i s  increased  a t  one percent  per second u n t i l  t h a t  
va lue  i s  reached. 

Ba t t e ry  c a p a c i t y  a t  t empera ture  i s  es t imated  by an i n c r e a s e  of 0.2% 
per  degree C above 25 C ,  and reduced by 0.75% per degree C below 25 
degrees  cen t ig rade .  

I f  t h e  b a t t e r y  vo l t age  drops below t h e  minimum allowed, i t  i s  
au toma t i ca l l y  determined t h a t  t h e  b a t t e r y ' s  r e a l  s t a t e  of charge is 
lower than t h e  e s t i m a t e ,  and t h e  estimaed s t a t e  of  charge i s  reduced 
a t  7 %  per second u n t i l  t h e  vo l t age  r i s e s  above minimum due t o  load 
shedding or  u n t i l  0  s t a t e  of charge.  

For every ampere-hour o f  d i scharge  by t h e  b a t t e r y ,  one e q u a l i z a t i o n  
f r a c t i o n  ampere-hour of  e x t r a  o r  e q u a l i z a t i o n  charg ing  i s  
au toma t i ca l l y  programmed when energy becomes a v a i l a b l e  and 100% s t a t e  
o f  charge has  been reached.  This  is needed t o  b r ing  a l l  c e l l s  up t o  
f u l l  charge and t o  s t i r  t h e  ac id  by gene ra t i ng  smal l  amounts of  gas .  
This  prolongs t o t a l  percentage  t o  avoid exces s ive  water useage. 

I f  t h e  b a t t e r y  goes through many p a r t i a l  charge and d i scha rge  cyc l e s  
before  equa l i z ing ,  t h e  t o t a l  e q u a l i z a t i o n  charge is  l i m i t e d  t o  t h e  
e q u a l i z a t i o n  t o t a l  percentage t o  avoid excess ive  water useage. 

During charg ing  and e q u a l i z a t i o n ,  t h e  b a t t e r y  is allowed t o  r i s e  t o  
t h e  e q u a l i z a t i o n  vol tage .  After  e q u a l i z a t i o n  i s  completed, t h e  
b a t t e r y  vo l t age  i s  l i m i t e d  t o  t h e  f l o a t  vo l t age ,  which i s  below t h e  
po in t  of s i g n i f i c a n t  ga s s ing  and s o  u se s  up l e s s  water .  This  f l o a t  
l e v e l  charge makes up f o r  i n t e r n a l  b a t t e r y  se l f -d i scharg ing ,  

The f l o a t  and e q u a l i z a t i o n  vo l t ages  a r e  equa l  t o  a  nominal vo l t age  
per  c e l l  minus 0.22% per  degree C above nominal ( tempera ture  i n  
degrees  C minus 25 C),  o r  equa l  t o  t h e  abso lu t e  maximum b a t t e r y  
vo l t age ,  whichever is lower.  The b a t t e r y  minimum vo l t age  has  t h e  
same tempera ture  compensation and an abso lu t e  minimum value.  

The r e s u l t  o f  t h e s e  c a l c u l a t i o n s ,  then ,  a r e  t h e  b a t t e r y  vo l t age  
maximum l i m i t ,  t h e  b a t t e r y  vo l t age  minimum l i m i t ,  t h e  s t a t e  of 
charge,  t h e  temperature  co r r ec t ed  s t a t e  of  charge,  and t h e  
e q u a l i z a t i o n  charge needed. 

Ba t t e ry  s t a t e  of charge is channel DO0 and b a t t e r y  co r r ec t ed  s t a t e  of  
charge i s  channel  D40 on t h e  LCD d i s p l a y  and t h e  s e r i a l  po r t .  These 



a r e  t h e  most f r e q u e n t l y  read va lues ,  and s o  co r r ec t ed  s t a t e  of charge 
is put  on t h e  d i s p l a y  by d e f a u l t  a t  power up o r  a f t e r  a  d a t a  dump a t  
h a l f  hour i n t e r v a l s .  A diagram o f  t h e  b a t t e r y  c o n t r o l  a lgor i thm i s  
given i n  F igure  3.2.1-1. 

3.2.2 Array Control 

I f  t h e  b a t t e r y  i s  not  f u l l y  charged and equa l i zed ,  t h e  vo l tage  l i m i t  
is  t h e  e q u a l i z a t i o n  vol tage .  I f  f u l l y  equa l i zed ,  t h e  vo l t age  l i m i t  
i s  t h e  f l o a t  vo l tage .  Un t i l  reaching  vol tage  l i m i t ,  t h e  s o l a r  a r r a y  
charges t h e  b a t t e r y  a s  much a s  t h e  a v a i l a b l e  energy al lows.  

There a r e  two automatic  modes of  a r r a y  c o n t r o l  r e s i d e n t  i n  t h e  
program. The f i r s t  is d i s c r e t e  a r r a y  c o n t r o l .  This t u r n s  s t r i n g s  
on,  one per second a s  long a s  t h e  b a t t e r y  vo l tage  i s  l e s s  t h e  94% of 
i t s  maximum l i m i t .  It makes no change u n t i l  t h e  b a t t e r y  vo l t age  
reaches  97% of  i t s  maximum l i m i t .  Between !I?$ and 100% of i t s  
maximum l i m i t ,  s t r i n g s  a r e  turned o f f  one per second. Above 100% of 
maximum l i m i t ,  a l l  s t r i n g s  a r e  tu rned  o f f .  The b a t t e r y  vo l t age  used 
f o r  t h i s  a lgor i thm is  averaged over  four  samples t o  minimize no i se  
problems. 

The second mode i s  maximum power t r ack ing .  The c o n t r o l l e r  d r i v e s  up 
t o  10 power modules with a  20kHz pu l se  width modulated d r i v e  s i g n a l ,  
13 v o l t s  = high = OFF, 0 v o l t s  = ON. The pulse  width is  set i n  l/u 
microseconds increments .  It  i s  i n i t i a l i z e d  t o  0 and changed i n  small  
(7/4 microseconds) o r  l a r g e  (2 microseconds) s t e p s  every 100 
mil l i seconds .  A t  each s t e p ,  t h e  t c t a l  de l i ve red  power i s  ca l cua l t ed  
and compared wi th  t h e  power d e l i v e r e d  a t  t h e  previous duty cyc l e .  If 
t h e  power changed by l e s s  than  7.5$, and i f  no l i m i t i n g  cond i t i ons  
were encountered,  smal l  s t e p s  a r e  used ,  o therwise  b ig  s t e p s  a r e  used 
t o  speed up t h e  process .  

I f  t h e  power l e v e l  was found t o  be cons t an t  o r  i nc reas ing ,  t h e  next 
s t e p  is  taken  i n  t h e  same d i r e c t i o n  a s  t h e  l a s t .  I f v t h e  power was 
found t o  be dec reas ing ,  t h e  d i r e c t i o n  of s t e p  i n  du ty  cyc l e  is 
reversed .  Therefore ,  t h e  du ty  c y c l e  i s  ad jus ted  t o  t h e  maximum power 
ope ra t i ng  p o i n t ,  and hunts  t h e r e  +/- one o r  two smal l  s t e p s ,  
r e p r e s e n t i n g  an ope ra t i ng  po in t  w i th in  +/- 1% of  maximum power. 

I f  t h e  charger  c u r r e n t  l i m i t  o r  b a t t e r y  maximum vol tage  l i m i t  is 
reached o r  i f  swi tch  S2 is open, t h e  du ty  cyc l e  i s  always decreased 
one s t e p .  This  conve r t s  t h e  c o n t r o l l e r  i n t o  a  cons t an t  vo l t age  o r  
cons t an t  c u r r e n t  power supply,  normally used f o r  f i n i s h i n g  charge of 
b a t t e r i e s  o r  f o r  motor s t a r t i n g  wi thout  b a t t e r i e s .  

Also, i f  t h e  i n h i b i t  swi tch  S1 is  c lo sed ,  t h e  duty cyc l e  i s  s e t  t o  0, 
t u r n i n g  o f f  t h e  s o l a r  a r r ay .  Switch 52, normally c lo sed ,  i s  u s u a l l y  
used a s  a  motor t he rmos ta t ,  whi le  S1 is o f t e n  used a s  a  water t ank  
f l o a t  swi tch  l e v e l  con t ro l .  A manual swi tch  i n  p a r a l l e l  wi th  S1, 
normally open, p rovides  a  manual a r r a y  shut-off func t ion ,  
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The sequence o f  even t s  f o r  max power t r a c k i n g  is a s  fol lows:  

7 .  Pu lse  width i s  s e t  on t h e  previous program pass .  
2. 12 mi l l i s econds  s e t t l i n g  t ime e l a p s e s .  
3. 76 va lues  o f  each o f  t h e  10 charger  s t r i n g  c u r r e n t s ,  t h e  b a t t e r y  
vo l t age ,  & t h e  b a t t e r y  c u r r e n t  a r e  s t o r e d  i n  an a r r ay .  The t a b l e  i s  
f i l l e d  by t a k i n g  a  sample of  a l l  va lues  once every 4 mill i -seconds,  
which gene ra t e s  a  column of  u ins tan taneous"  da t a .  After  6u m i l l i -  
seconds, a l l  t h e  rows of  d a t a  a r e  f u l l  and average va lues  a r e  
c a l c u l a t e d .  
u. User output  power i s  ca l cu l a t ed .  I n  o rde r  t o  avoid s t a r t -up  
problems w i t h  low impedance (motor) l oads ,  t h e  a c t u a l  parameter t o  be 
maximized is ( t o t a l  charger  amps) X ( b a t t e r y  v o l t s  + 100).  
5 .  Old and new power a r e  compared. I f  power is inc reased ,  t h e  
d i r e c t i o n  of pu l se  width s t e p  i s  l e f t  t h e  same. I f  power is  
decreased ,  t h e  d i r e c t i o n  is reversed .  
6.  The s i z e  of t h e  pu l se  width change i s  c a l c u l a t e d  based on t h e  s i z e  
of t h e  power l e v e l  change. This  is a  novel f e a t u r e  which al lows f a s t  
a c q u i s i t i o n  and accu ra t e  t r a c k i n g  of t h e  max power po in t s .  
7. The pu l se  width i s  changed, and t h e  process  r e p e a t s  a t  100 
mi l l i second  i n t e r v a l s .  This  a lgor i thm i s  diagrammed i n  
F igure  3.2.2-1. 

3.2.3 Load o r  Aux i l i a ry  Charger Control  

The b a t t e r y  is assumed t o  be loaded by up t o  f i v e  s e p a r a t e  load 
busses ,  with s e p a r a t e  vo l t age  s ens ing ,  cu r r en t  shun t s  i n  t h e  nega t ive  
l oad ,  and r e l a y  c o n t r o l  respons ive  t o  t h e  o p t o i s o l a t o r  ou tput  7-5 of  
t h e  c o n t r o l l e r .  (Op to i so l a to r  ON=load O N . )  These may i n  f a c t  be 
a u x i l i a r y  energy sou rces  a s  wel l  a s  loads .  

Each load bus i s  au toma t i ca l l y  monitored f o r  excess ive  c u r r e n t .  I f  
c u r r e n t  exceeds 120 percent  o f  t h e  nominal va lue  (5DmV on t h e  s h u n t ) ,  
t h e  load i s  turned  OFF, t h e  audio and red  LZD alarms turned ON,  and 
manual r e s e t  is requi red  v i a  keyboard o r  s e r i a l  p o r t .  Under normal 
c o n d i t i o n s ,  each load bus has  two co r r ec t ed  s t a t e  of charge 
t h r e s h o l d s ;  one below which t h e  load i s  turned OFF (shed)  and one 
above which t h e  load i s  turned  ON ( r e s t o r e d ) .  By r e v e r s i n g  t h e  
func t ion  of t h e  o p t o i s o l a t o r ,  an a u x i l i a r y  genera tor  can be proper ly  
c o n t r o l l e d  t h e  same way. This  provides  f a i l - s a f e  ope ra t i on ,  s i n c e  
t h e  o p t o i s o l a t o r  going o f f  t u r n s  l oads  OFF and gene ra to r s  ON. Note: 
f o r  e i t h e r  ca se ,  shed l e v e l  i s  less than  r e s t o r e  s t a t e  of charge by 
an amount which avoids  c y c l i c  behavior .  A list o f  sample c o n t r o l  
l e v e l s  is given i n  F igure  3.2.3-1. 

Each load o r  charger  bus can a l s o  be manually con t ro l l ed  from t h e  
keypad o r  t h e  s e r i a l  p o r t .  To be turned ON, (Load ON, Charger OFF, 
Op to i so l a to r  ON), an o p t o i s o l a t o r  must be ON according t o  a l l  
automatic  c o n t r o l  a lgor i thms  and t h e  manual c o n t r o l  func t ion .  
Otherwise,  it is i n  t h e  load OFF/charger ON condi t ion .  

It i s  o f t e n  d e s i r a b l e  t o  u se  more energy i f  i t ' s  going t o  be a  sunny 
day. Th i s  may be t o  avoid s h o r t  cyc l e s  of  load useage o r  simply t o  
i n c r e a s e  energy useage e f f i c i e n c y .  Therefore ,  between 8AM and 
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12Noon, i f  t h e  s u n l i g h t  l e v e l  is h i g h  enough t o  provide a t  l e a s t  10% 
of t h e  maximum charger  c u r r e n t  l i m i t  t o  t h e  b a t t e r y ,  a l l  t h e  b a t t e r y  
co r r ec t ed  SOC l e v e l s  f o r  load  shed and r e s t o r a t i o n  a r e  decreased by a  
cons t an t  p r e s e t  SOC, c a l l e d  DZLTA SOC. Th i s  a l lows loads  t o  t u r n  ON 
e a r l i e r  on a  sunny morning than  would o therwise  be t h e  case.  

The MAC can perform a  c o n t r o l  s t r a t e g y  t o  a l l o c a t e  a v a i l a b l e  energy 
i n t o  two d i f f e r e n t  forms o f  s to r age .  One o f  t h e s e  is e l e c t r i c a l  
energy s t o r e d  i n  a  b a t t e r y .  The o t h e r  is  a  form of  "product  
s to rage ."  Th i s  might be water s t o r e d  i n  a  t ank ,  o r  thermal  s t o r a g e  of 
cold i n  a  r e f r i g e r a t o r ,  f r e e z e r  o r  i c e  s t o r e d  i n  an icemaker. 

To use t h i s  c a p a b i l i t y ,  it i s  necessary  t o  be a b l e  t o  measure t h e  
amount of  product  s t o r e d  o r  a t  l e a s t  t o  i n d i c a t e  one of t h r e e  product 
s t o r a g e  l e v e l s :  

1. There i s  l e s s  t han  t h e  c r i t i c a l  minimum amount of product (water  
l e v e l  o r  cold temperature  i n  t h e  f r e e z e r )  and it has  a  high p r i o r i t y :  
PROD < PROD 7 
2. There i s  an adequate  amount of p roduct ,  but more can be s t o r e d  if 
energy is a v a i l a b l e .  PROD 1 < PROD < PROD 2. 
3. The product  s t o r a g e  l e v e l  i s  f u l l  ( t ank  is f u l l  o f  water o r  
r e f r i g e r a t o r  i s  a t  minimum tempera ture) :  PROD > PROD 2. 

This  product  i s  ass'umed t o  be produced o r  pumped us ing  energy from 
t h e  same b a t t e r y  which is used t o  supply o t h e r  e l e c t r i c a l  loads .  To 
avoid over-discharge of  t h e  b a t t e r y  and t o  be s u r e  t h e  o t h e r  loads  
g e t  t h e i r  s h a r e  o f  energy,  va r ious  s t a t e  of  charge (SOC) of  t h e  
b a t t e r y  a r e  def ined:  

7 .  Ba t t e ry  minimum charge: below t h i s ,  t h e  b a t t e r y  is below i ts  
minimum a l lowable  s t a t e  of  charge and a l l  load a r e  o f f ,  above t h i s  
non-product e l e c t r i c a l  l oads  a r e  allowed: SOCl 
2. The b a t t e r y  can be used t o  produce product  but  not  o the r  
e l e c t r i c a l  l oads  above t h i s  po in t :  SOC2 
3. The b a t t e r y  can power both e l e c t r i c a l  l oads  and non-c r i t i c a l  
product  l e v e l s  above t h i s  p o i n t ,  but  only non-product e l e c t r i c a l  
l oads  below t h i s  po in t :  SOC3 4. The b a t t e r y  w i l l  power a l l  l oads  
above t h i s  po in t :  SOC4 

This  combination of  t r i p  p o i n t s  c r e a t e s  a  s e t  of four  s t a t e s  of t h e  
c o n t r o l l e r ,  def ined  by t h e  amount o f  product s t o r e d  and t h e  b a t t e r y  
s t a t e  of charge. This  s t a t e  diagram is shown i n  F igure  3.2.3-2. By 
s e t t i n g  va r ious  va lues  f o r  t h e  boundary parameters ,  va r ious  
p r i o r i t i e s  can be placed on t h e  use of  energy. To avoid l i m i t  cyc l e s  
dur ing  ope ra t i on ,  a  b u f f e r  o r  h y s t e r e s i s  of  s p e c i f i e d  amount is added 
t o  each boundary va lue  when crossed i n  t h e  i nc reas ing  d i r e c t i o n .  The 
parameters  f o r  t h e  product  s t o r a g e  a lgor i thm a r e  given i n  t h e  t a b l e s  
i n  F igure  3.2.3-3 



PRODUCT STORAGE ALGORlTHM 

Increas ing  Bat te ry  S t a t e  of  Charge 

STATE 1 
E l e c t r i c a l  Loads 

OFF 
Product Load OFF 

STATE 3 
E l e c t r i c a l  Loads OFF 

Product Load ON 

I Product Load OFF 

FIGURE 3.2.3-2 



PRODUCT STORAGE ALGORITHM THRESHOLDS 

(Percent) 

PROD = ( 2 5  - T 2 )  * 3 . 3  T2 i n  d e g r e e  C 

D E F I N I T I O N  SYMBOL VALUE HYSTERESIS VALUE 

E l e c t  l o a d s  a b o v e  S  0 C 1  2  0 BUF SOCl 1 0  
H i g h  P r i o r i t y  

PROD o n l y  a b o v e  SOC2 5  0  BUF SOC2 2 0  
Low P r i o r i t y  PROD SOC3 7 0  BUF SOC3 1 0  

a b o v e  
Low P r i o r i t y  PROD SOC4 7 0  BUF SOC4 1 0  

& E l e c t  a b o v e  
H i g h  P r i o r i t y  PROD1 5  0  BUF PROD1 1 0  

PROD o n l y  t i 1  
No PROD a b o v e  PROD2 8 0  BUF PROD2 1 0  

FIGURE 3.2.3-3 



FINAL REPORT 

3.2,4 C o n t r o l  Pane l  F u n c t i o n s  

The c o n t r o l  p a n e l  h a s  a  keypad f o r  manual i n p u t s ,  a  4-7/2 d i g i t  LCD 
d i s p l a y  f o r  s e l e c t e d  q u a n t i t i e s ,  a  s e t  o f  r e d ,  ye l low,  and g r e e n  
LED'S f o r  q u i c k  s t a t u s  summary, and an a u d i o  a larm.  There  is a l s o  a n  
emergency s w i t c h  l o c a t e d  a t  t h e  bottom o f  t h e  u n i t  which,  when t u r n e d  
OFF, w i l l  t u r n  OFF a l l  a r r a y  s t r i n g s  and l o a d s .  When t u r n e d  ON, it 
w i l l  i n i t i a l i z e  t h e  c o n t r o l l e r .  

The a u d i o  a la rm w i l l  sound i f  any " c i r c u i t  b r e a k e r n  f u n c t i o n  
( o v e r c u r r e n t  on a  l o a d  bus )  is a c t i v a t e d ,  o r  i f  an  a r r a y  f a u l t  i s  
d e t e c t e d .  

The r e d  LZD w i l l  l i g h t  i f  any c i r c u i t  b r e a k e r  f u n c t i o n  i s  t r i p p e d  o r  
if bus  NO.l h a s  been shed due t o  low s t a t e  o f  c h a r g e  (ext reme low 
b a t t e r y ) .  The LCD "Low B a t t e r y "  warning w i l l  a l s o  t u r n  ON. 

The ye l low LED w i l l  l i g h t  i s  load  bus  N0.5 h a s  been shed due t o  low 
s t a t e  o f  c h a r g e ,  b u t  l o a d  bus  N0. 1 h a s  n o t .  T h i s  i s  i n t e n d e d  t o  
s i g n a l  t h a t  energy i s  i n  s h o r t  s u p p l y ,  b u t  n o t  an  emergency. (Lower 
number l o a d s  u s u a l l y  have h i g h e r  p r i o r i t y . )  

The g r e e n  LED i s  lit a s  l o n g  a s  t h e  program is runn ing .  I f  a  
watchdog t i m e r  i s  n o t  r e s e t  by t h e  program, t h i s  LZD goes  o u t  and t h e  
a r r a y  i s  t u r n e d  OFF. 

The LCD d i s p l a y  can be  though t  o f  a s  a  m u l t i m e t e r  which w i l l  d i s p l a y  
one  o f  a  menu o f  sys tem paramete r s .  The d e f a u l t  c o n d i t i o n  is s t a t e  
o f  c h a r g e ,  and a f t e r  a  d a t a  dump each  h a l f  h o u r ,  it r e t u r n s  t o  t h i s  
pa ramete r .  It can  a l s o  d i s p l a y  any a r r a y  s t r i n g  v o l t a g e ,  any c h a r g e r  
o u t p u t  s t r i n g  c u r r e n t ,  ( n o t  t h e  a r r a y  c u r r e n t ,  b u t  t h e  conver ted  
o u t p u t  from t h a t  s t r i n g  a t  t h e  b a t t e r y  v o l t a g e  l e v e l ) ,  t h e  d e l i v e r e d  
s t r i n g  power t o  t h e  b a t t e r y ,  t h e  b a t t e r y  v o l t a g e  c u r r e n t  o r  power, 
any of  f i v e  l o a d  bus  v o l t a g e s  o r  c u r r e n t s  o r  powers,  t h e  b a t t e r y  
t e m p e r a t u r e ,  o n e  o t h e r  t e m p e r a t u r e  (used h e r e  f o r  f r e e z e r  p r o d u c t  
measurement) ,  t h e  p u l s e  w i d t h ,  t h e  e q u a l i z a t i o n  charge  needed,  t h e  
sys tem z e r o  v o l t a g e  and 4.00 v o l t  r e f e r e n c e  l e v e l ,  t h e  t e m p e r a t u r e  
c o r r e c t e d  s t a t e  o f  c h a r g e ,  t h e  t ime  o f  day ,  and t h e  s o f t w a r e  v e r s i o n  
number. See t h e  a t t a c h e d  s i g n a l  channe l  list. E n t e r  t h e  d e s i r e d  
channe l  code ( a  l e t t e r ,  two numbers, and a  +I) f o r  d i s p l a y .  The +i 
s i g n  h a s  t h e  e f f e c t  o f  an " e n t e r w  command. The * s i g n  c a n c e l s  a n  
incomple te  e n t r y .  A l ist  o f  p u b l i c  a c e s s  f u n c t i o n s  i s  g iven  i n  
F i g u r e  3.2.4-1. I n  a d d i t i o n ,  a f t e r  e n t r y  o f  a  password on t h e  
keyboard,  an  a d d i t i o n a l  s e t  o f  p r o t e c t e d  f u n c t i o n s  becomes a v a i l a b l e ,  
l i s t e d  i n  F i g u r e  3.2.4-2. 

3.2.5 S e l f - t e s t i n g  

The keypad can a l s o  be  used t o  change c o n t r o l  f u n c t i o n s .  To do  t h i s ,  
t h e  c o r r e c t  password must be e n t e r e d :  4  d i g i t s  fo l lowed  by a  !I. 
Password a c c e s s i b l e  f u n c t i o n s  a r e  summarized on t h e  a t t a c h e d  command 
list. These i n c l u d e  s e t t i n g  a  new l o a d  and r e s t o r e  t h r e s h o l d s  f o r  
each  l o a d  bus ,  s e t t i n g  i n i t i a l  s t a t e  o f  cha rge  and s e t t i n g  t h e  manual 
c o n t r o l  f o r  each l o a d  bus  o p t o i s o l a t o r  t o  "ON = 1" o r  "OFF = 0". 



S E Q U E N C E  

* 

PUBLIC FUNCTIONS 

F U N C T I O N  

C l e a r  Func t ion  

A c t i v a t e  p a s s w o r d - a c c e s s i  b l e  f u n c t i o n s  
i f  u s e r  password ma tches  ( s e e  below) 

Read channel  n n  v o l t a g e  ( m u l t )  

Read channel  n n  c u r r e n t  ( m u l t )  

Read channel  n n  power ( m u l t )  

Read misc  d a t a  c h a n n e l s  ( m u 1  t )  

Di s p l a y  s o f t w a r e  v e r s i o n  number 

Read t i m e ,  hours  and m i n u t e s  ( m u l t )  

I n i t i a t e  "dump" of  machine s t a t e  t o  
s e r i a l  p o r t  

n o t  used 

FIGURE 3.2.4-1 



PASSWORD ACCESSIBLE FUNCTIONS 

S E Q U E N C E  

Ann)mm# 

Bnnimni# 

d e v i c e  0  
d e v i c e  1 - 6  
d e v i c e  7-11 
d e v i c e  12 -17  
d e v i c e  1 8 - 2 3  
d e v i c e  2 4 - 2 5  

FUNCTION 

S e t  l o a d  s h e d  t h r e s h o l d  f o r  l o a d  
n a t  m m m  

S e t  l o a d  r e s t o r e  t h r e s h o l d  f o r  l o a d  
n a t  m m m  

S e t  t h e  i n i t i a l  p e r c e n t a g e  SOC a t  
m m m %  

S e t  d e v i c e  nn t o  c o n d i t i o n  m ,  whe re  m 
mus t  be e i t h e r  a  " 1 "  ( O N )  o r  a  " 0 "  ( O F F )  

A u d i b l e  a l a r m  
User  l o a d  r e q u e s t s  1  t h r o u g h  6 
O v e r l o a d  t r i p  r e s e t s  f o r  l o a d s  1  t h r o u g h  5 
PWM b u f f e r  # I  c o n t r o l s  1  t h r o u g h  6  
P!4M b u f f e r  # 2  c o n t r o l s  1  t h r o u g h  6  
Yel low and Red LEDs 

I n i t i a t e  lamp and a n n u n c i a t o r  t e s t  
( a c c e s s a b l e  o n l y  i n  t e s t / c a l  mode) 

T o g g l e  f rom run t o  t e s t / c a l  mode 
( s y s t e m  comes u p  i n  t h e  run mode) 

S e t  t i m e ,  h o u r s  and  m i n u t e s  

Cance l  pa s sword  a u t h o r i z a t i o n  

FIGURE 3.2.4-2 
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Also, t h e  u n i t  can be placed i n  a  t e s t / c a l  mode where d a t a  is 
r e f r e shed  but  t h e  s t a t e s  of  charge,  max power t r a c k i n g  and load 
c o n t r o l s  do no t  au toma t i ca l l y  change. This  a l lows them t o  be 
manually s e t  and measurements taken.  For example, a  f i xed  pu l se  
width can be s e t  from t h e  s e r i a l  p o r t ,  o r  a  lamp t e s t  can be 
performed. Note t h a t  t h i s  mode is  not  w e l l  p ro t ec t ed  and t h e  system 
should no t  be l e f t  i n  t h i s  cond i t i on  unat tended.  

A lamp and audio  alarm t e s t  can be performed i n  t h i s  mode. This  
l i g h t s  a l l  LZDs, sounds t h e  alarm and put  t e s t  d i g i t s  i n  t h e  d i s p l a y .  
The keypad i n  password-access mode can a l s o  be used t o  s e t  t h e  t ime 
i n  hours and minutes on a  24-hour c lock and can cance l  t h e  password- 
access  mode. 

The d i s p l a y  performs one more automatic  test .  If one o f  t h e  charger  
power module ou tput  c u r r e n t s  is  less than  a cons t an t  (1  amp) below 
t h e  average o f  a l l  such c u r r e n t s ,  t h e  "Continui tyn segments of  t h e  
LCD i s  turned ON. This  means t h a t  one s t r i n g  of  t h e  a r r a y  o r  one 
power module o f  t h e  charger  i s  e i t h e r  shadowed o r  broken. 
Zxamination o f  a r r a y  v o l t a g e s  and c u r r e n t s  w i l l  show t h e  cause.  

Besides t h e s e  e x t e r n a l  t e s t s ,  t h e  u n i t  performs an automatic  t e s t  of 
i ts  PAM and !?OM access  whenever it  i s  s t a r t e d  up. When running,  any 
e r r o r  caus ing  t h e  program no t  t o  execute  proper ly  w i l l  r e s u l t  i n  a  
watchdog t imer  f a u l t  t u r n i n g  o f f  a l l  l oads  and t h e  s o l a r  a r r a y  and 
caus ing  t h e  green  LED t o  go ou t .  

3.2.6 Serial Port Functions 

The manual t e s t / c a l  mode was p a r t i a l l y  descr ibed  i n  t h e  previous 
s e c t i o n .  However, w i th  an RS232C t e r m i n a l ,  much more ex t ens ive  
manual t e s t i n g  i s  poss ib l e .  A s tandard  debug monitor i s  implemented 
which can examine memory l o c a t i o n s ,  i n s e r t  by t e s  i n t o  memory, begin 
execut ion  a t  a  given memory l o c a t i o n ,  i n s e r t  o r  remove breakpoin ts ,  
and download a  program i n t o  memory. 

I n  a d d i t i o n ,  any of  t h e  keyboard command f u n c t i o n s  can be performed 
from t h e  s e r i a l  po r t .  A l ist o f  t h e s e  commands, p lus  t h e  debug 
monitor commands i s  i n  t h e  s e r i a l  p o r t  s e c t i o n  o f  t h e  command l ist .  
Note t h a t  no password i s  r equ r i ed  v i a  t h e  s e r i a l  po r t .  The debug and 
monitor f u n c t i o n s  a r e  l i s t e d  i n  F igure  3.2.6-1, and t h e  maintenance 
func t ions  a r e  l i s t e d  i n  F igure  3.2.6-2. 

A d a t a  dump o f  a l l  system vo l t ages ,  c u r r e n t s ,  t empera tures ,  swi tch  
p o s i t i o n s  and s t a t e s  o f  charge is s e n t  t o  t h e  s e r i a l  p o r t  every h a l f  
hour o r  whenever reques ted .  A p r i n t e r  t h e r e  w i l l  provide d a t a  
logging.  The format  o f  t h i s  d a t a  i s  given i n  F igure  3.2.6-3. , 

This  powerful acces s  a l lows many p o s s i b l e  uses .  The processor  can be 
au toma t i ca l l y  t e s t e d  du r ing  manufacture. A p r i n t e r  a t t ached  a t  t h e  
s i t e  can s e r v e  a s  a  d a t a  logger .  A t e lephone  modem o r  o t h e r  
communication i n t e r f a c e  would al low automatic  remote d a t a  logging  o r  
even, remote system c o n t r o l .  A t a p e  r eco rde r  w i l l  a l low post- 
p rocess ing  of  recorded da t a .  



DEBUG MONlTOR FUNCTIONS 

S E Q U E N C E  FUNCTION 

^ H ,  b a c k s p a c e ,  d e l  

^ U  

^ z 

M a d d r  

G a d d r  

B a d d r  

X 

1  a d d r  

F s t a r t  - a d d r  e n d  a d d r  d a t u m  

D e l e t e s  l a s t  c h a r a c t e r  e n t e r e d .  E c h o e s  
b a c k s p a c e ,  s p a c e ,  b a c k s p a c e  t o  a l l o w  
o v e r w r i t i n g  t h e  1  a s t  c h a r a c t e r  e n t e r e d  when 
a  C R T  t e r m i n a l  i s  u s e d  

Causes  CPU t o  i g n o r e  p r e s e n t  command l i n e  

R e t u r n  t o  command mode 

Opens  a  memory  l o c a t i o n  a t  t h e  s p e c i f i e d  
' 

a d d r e s s  ( r e q u i r e s  4 h e x a d e c i m a l  d i g i t s ) .  
S u c c e s s i v e  " "  ( s p a c e )  c h a r a c t e r s  i n c r e m e n t  
t h r o u g h  memory ,  w h i  1 e  " - I '  c h a r a c t e r s  d e c r e m e n t  
t h r o u g h  memory .  A t  a n y  t i m e  t h e  c o n t e n t s  o f  a  
l o c a t i o n  may b e  a 1  t e r e d  b y  e n t e r i n g  t h e  new 
d a t a  f o l l o w e d  b y  a c a r r i a g e  r e t u r n .  

B e g i n s  e x e c u t i o n  a t  t h e  s p e c i f i e d  a d d r e s s .  I f  
n o  a d d r e s s  i s  s p e c i f i e d ,  e x e c u t i o n  b e g i n s  a t  
t h e  p r e s e n t  P C  l o c a t i o n  

P l a c e s  a  b r e a k p o i n t  a t  t h e  s p e c i f i e d  a d d r e s s .  
T h i s  t r a c e  mode w i l l  o n l y  w o r k  o n  c o d e  l o c a t e d  
i n  R A M  

Removes e x i s t i n g  b r e a k p o i n t  

T h i s  p e r m i t s  a  p r o g r a m  t o  b e  d o w n l o a d e d  f r o m  a  
h o s t  m a c h i n e  t o  memory  s t a r t i n g  a t  t h e  s p e c i f i e d  
a d d r e s s  

F i l l s  t h e  s p e c i f i e d  memory  r a n g e  w i t h  s p e c i f i e d  
b y t e  o f  d a t a  



MAINTENANCE and LOGGING 'FUNCTIONS 

SEQUENCE 

W pwrn t i m e r  no. d u t y  c y c l e  

0 d i g i t  no. v a l u e  

E n n  

Inn 

P n n  

D n n  

Q n n  

FUNCTION 

S e t  t h e  Power Module d u t y  c y c l e  t o  
s p e c i f i e d  v a l u e .  I f  d u t y  c y c l e  
max p w m ,  t h e  d e f a u l t  d u t y  c y c l e  i s  
s e t  t o  max p w m .  

D i s p l a y  t h e  v a l u e  i n  t h e  s p e c i f i e d  
d i g i t  on t h e  L C D  d i s p l a y .  

Read channel  n n  v o l t a g e  

Read channel  n n  c u r r e n t  

Read channel  n n  power 

Read misc  d a t a  c h a n n e l s  

Q u e r y  channel  n n  f o r  "raw" A / D  d a t a  

FIGURE 3.2.6-2 



DATA FORMAT 
T I M E :  hh:mm 

EOO = x x x . x  VOLTS 
E01  = x x x .  x  VOLTS 
E 0 2  = x x x . x  VOLTS 
E 0 3  = x x x . x  VOLTS 
E 0 4  = x x x . x  VOLTS 
E 0 5  = x x x .  x  VOLTS 
E 0 6  = x x x . x  VOLTS 
E 0 7  = x x x . x  VOLTS 
E 0 8  = x x x . x  VOLTS 
E 0 9  = x x x . x  VOLTS 
E l 0  = x x x . x  VOLTS 
E31  = x x x . x  VOLTS 
E 3 2  = x x x . x  VOLTS 
E33  = x x x . x  VOLTS 
E 3 4  = x x x . x  VOLTS 
E35  = x x x . x  VOLTS 
D36 = x x x . x  DEG C 
E 3 8  = x . x x x  VOLTS 
DO0 = x x x %  
D41 = x x x %  

I 0 0  = x x x .  x  AMPS 
I 0 1  = x x . x x  AMPS 
I 0 2  = x x .  x x  AMPS 
I 0 3  = x x .  x x  AMPS 
I 0 4  = x x .  x x  AMPS 
I 0 5  = x x . x x  AMPS 
I 0 6  = x x . x x  AMPS 
I 0 7  = x x . x x  AMPS 
I 0 8  = x x . x x  AMPS 
I 0 9  = x x . x x  AMPS 
I 1 0  = x x . x x  AMPS 
I 3 1  = x . x x x  AMPS 
I 3 2  = x . x x x  AMPS 
I 3 3  = x . x x x  AMPS 
I 3 4  = x , x x x  AMPS 
I 3 5  = x . x x x  AMPS 
D37 = x x x . x  DEG C 
I 3 9  = x . x x x  VOLTS 
D 4 0  = x x x %  
0 4 2  = x x x %  

TOT CHGR I = x x x . x  AMPS 

NOTE : 1=ON, O=OFF 
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The use  of a  small  RS232C t e rmina l  by a  r e p a i r  t e chn ic i an  al lows 
f a u l t  i s o l a t i o n  and d i agnos i s  beyond t h e  c a p a b i l i t i e s  of  t h e  keypad 
and d i s p l a y ,  s i n c e  sma l l  s p e c i a l  t e s t  r o u t i n e s  can be run.  Software 
modi f ica t ion  is  g r e a t l y  eased a s  wel l .  

3.3 SYSTEM CONFIGURATION 

To u t i l i z e  t h e s e  r a t h e r  s o p h i s t i c a t e d  c o n t r o l  a lgor i thms  is  very 
s imple.  Typica l  system conf igu ra t i ons  f o r  a  pumping u n i t  without 
b a t t e r i e s  i s  shown i n  F igure  3.3-1. Note t h a t  t h i s  i s  j u s t  t h e  
minimal amount of wi r ing  r equ i r ed  f o r  such a  system. S i m i l a r l y ,  t h e  
system conf igu ra t i on  f o r  a  ba t te ry- type  system i s  shown i n  F igure  
3.3-2. The processor  c o n t a i n s  a l l  t h e  c o n t r o l  complexity,  making t h e  
system d e s i g n e r ' s  job e a s i e r .  The func t ions  performed by t h e  
processor  a r e  summarized i n  F igure  3.3-3. To implement t h e s e ,  on ly  
t h e  proper system parameters  need be i n s e r t e d  i n  t h e  processor  ZPPOM 
memory. I n  t h i s  way, t h e  u se r  o r  i n s t a l l e r  needs t h e  minimum 
knowledge of system theo ry  t o  be a b l e  t o  use  t h e  c o n t r o l l e r .  

4.0 PRODUCTION COST ANALYSIS 

4.1 MANUFACTURUNG COST 

The r e s u l t s  o f  c o s t i n g  t h e  system can be summarized by s e v e r a l  
po in t s .  Zach e x t r a  analog channel t o  be measured is  expensive 
because t h e  f i l t e r i n g  and mul t ip lex ing  a s soc i a t ed  wi th  each channel 
qu ick ly  adds 3 t o  5 d o l l a r s  per  channel t o  t h e  o v e r a l l  cos t .  The 
analog inpu t  s e c t i o n  o f  t h e  processor  r e p r e s e n t s  almost h a l f  t h e  PC 
board a r e a  and about 7/3 o f  t h e  c o s t .  

The l a r g e s t  s i n g l e  a r e a  of c o s t  is t h e  CPU i t s e l f ,  dominated by 
memory c o s t ,  mainly from ZPROM's. These a r e  r a p i d l y  becoming l e s s  
expensive,  and i n  a  few y e a r s ,  a  s i n g l e  l a r g e r  ZPROM and a  s i n g l e  2K 
RAM w i l l  probably enable  t h e  e n t i r e  system t o  be b u i l t  a t  lower c o s t  
and l e s s  power. 

The power supply ,  r a t h e r  expensive a t  p r e s e n t ,  can be s i m p l i f i e d  f o r  
most a p p l i c a t i o n s  i n  t h e  f u t u r e ,  s i n c e  t h e  t o t a l  c o n t r o l l e r  power can 
be reduced. Also, a  s e p a r a t e  +12V output  from t h e  f lyback  s t a g e  i s  
not  needed, and -5V power can be der ived  from a  Zener diode operated 
from t h e  -12V supply.  Th i s  c u t s  i t s  c o s t  by perhaps 1/3. 

A v a i l i b i l i t y  of  a  CMOS t imer  ch ip  with t h e  c a p a b i l i t i e s  of t h e  0513 
would he lp  a  g r e a t  d e a l  i n  reduc ing  power and perhaps c o s t s .  I n  
gene ra l ,  t h e  i n c r e a s i n g  i n d u s t r i a l  u se  of  CMOS i s  expected t o  b r ing  
c o s t s  of many components down. The power handl ing s e c t i o n  of t h e  
c o n t r o l l e r ,  c o n s i s t i n g  of  DC t o  DC power conversion modules, can be 
rep laced  i n  low c o s t  b a t t e r y  systems wi th  electromechanioal  o r  
mercury displacement  r e l a y s  o r  s o l i d  s t a t e  DC swi tches  and t h e  
d i s c r e t e  a r r a y  c o n t r o l  a lgori thm. It w i l l  a l s o  c o s t  h a l f  a s  much. 
This  w i l l  be t h e  d i r e c t i o n  of  choice  f o r  b a t t e r y  charging a s  s o l a r  
a r r a y s  become cheaper .  Also, e l i m i n a t i n g  t h e s e  PWM ou tpu t s  would 
al low replacement of  t h e  9573 t imer  ch ip  with a  lower power, l e s s  
expensive timer. However, f o r  many motor d r i v e  a p p l i c a t i o n s ,  t h e  
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MICROPROCESSOR CONTROL FUNCTIONS 

B A T T E R Y  C O N T R O L  
A .  S t a t e - O f - C h a r g e  E s t i m a t i o n  and C o r r e c t i o n  
B .  E q u a l i z a t i o n  C h a r g i n g  
C .  SOC I n i t i a l i z a t i o n  and  E n u n c i a t i o n  
D .  Warning L i g h t s  

P H O T O V O L T A I  C A R R A Y  C O N T R O L  
A.  D i s c r e t e  S u b a r r a y  S w i t c h i n g  
B .  Maximum Power P o i n t  T r a c k i n g  

LOAD MANAGEMENT 
A .  P r i o r i t y  Load S e c t o r  Management 
0 .  Backup G e n e r a t o r  C o n t r o l  
C .  Manual Load C o n t r o l  
D. P r o d u c t  S t o r a g e  Energy  A l l o c a t i o n  

S Y S T E M  S T A T U S  
A .  D C  V o l t a g e s ,  C u r r e n t s ,  Power L e v e l s  
B .  T e m p e r a t u r e s  
C .  B a t t e r y  S O C ,  C o r r e c t e d  SOC 
D.  V a r i a b l e  : C o n t r o l  Leve l  
E .  R e l a y  S t a t u s  

A U T O M A T  I C T E S T  I NG 
A .  P r o c e s s o r  S e l  f - T e s t  
B .  Load C i r c u i t  B r e a k e r  F u n c t i o n s  
C .  A r r a y  C o n t i n u i t y  T e s t  
D .  B a t t e r y  Leve l  
E. A u d i b l e  and V i s u a l  Alarms 

D A T A  LOGG I N G  AND COMM(IN I C A T  I O N S  
A .  Sys t em S t a t u s  Log Each 3 0  M i n u t e s  
B .  Remote T e l e m e t r y  
C .  Remote C o n t r o l  
D .  RS 2 3 2  P o r t  
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MPC arrangement i s  s u p e r i o r .  

The power module is  t h e  on ly  p r o p r i e t a r y  element i n  t h e  c o n t r o l l e r .  
It is  a s t anda rd  product  o f  TriSolarCorp.  

A m a t e r i a l  c o s t  breakdown o f  t h e  c o n t r o l l e r  subsystems i s  given below 
f o r  p re sen t  day q u a n t i t i e s  of  10: 

DESCRIPTION COST 

Current  Measurement Mux 

Analog Mux 

A/D Converter 

PWM Buf fe r s  and Array Control  2Q.75 

CPU 108.29 

Power Supply 83.111 

Display and I n t e r f a c e  Board u9.82 

Res i s to r  and I n t e r f a c e  Board 5.00 

--------I--------------------------------- 

Processor  S u b t o t a l  499.56 

The r e s u l t i n g  m a t e r i a l  c o s t s  a r e  t hen  c a l c u l a t e d  below f o r  t h e  1KW, 
5KW, and 15 KW systems: 

1 KW - 5KW - 15KW - 
No MPC -- MPC - MPC - 

POWZR SZCTIONS 100.00 1721.20 3363.60 

ENCLOSURE 165.00 165.00 405.00 

TZRMINALS 20.00 27.00 87 .OO 

HZAT SINKS 0.00 138.00 416.64 

SHUNTS AND HARDWARE 36.25 36.25 68.75 

TOTAL MATERIAL 780.87 . 1987.89 4984.55 

Mater ia l  p r i c e s  a r e  assumed t o  be reduced by 25% f o r  each 10X 
i n c r e a s e  i n  q u a n t i t y .  
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Labor c o s t s  a r e  very volume dependent. Use of  automatic  t e s t  
equipment, wave s o l d e r i n g  o r  automatic  component i n s e r t i o n  a r e  
examples o f  labor-saving techniques  which can be appl ied  a t  va r ious  
l e v e l s  o f  product ion.  

Tota l  l a b o r  c o s t s  f o r  var ious  models and product ion l e v e l s  a r e  
es t imated  below: 

MODZL 
QUANTITY/YEAF 

Labor i s  broken down i n t o  wage l e v e l s .  For example, f o r  each model 
g iven ,  t h e  fo l lowing  hours  a r e  needed f o r  q u a n t i t i e s  of  1,000 per 
year  : 

Class  7 22.60 I  2  3  

Class  2  13.50 3 6 10 

Class  3  7.00 15 2 0 4  0 

These l a b o r  e s t i m a t e s  a r e  conse rva t ive ;  t h e  a c t u a l  number f o r  such ' 

volume o f  product ion w i l l  probably be lower. However, t h e s e  seem t o  
be reasonable  based on our l i m i t e d  experience with t h e  protopype 
u n i t  . 
Resul t ing  t o t a l  d i r e c t  c o s t s  per 5KW u n i t ,  inc lud ing  l a b o r  and 100% 
overhead p lus  m a t e r i a l  a r e  t h e r e f o r e  j u s t  under $2400 i n  q u a n t i t i e s  
o f  I00 per  year .  The 1KW u n i t  i n  t h e  same q u a n t i t i e s  c o s t s  under 
$1200. These a r e  q u i t e  reasonable  c o s t s  compared t o  a l t e r n a t i v e  
custom designed c o n t r o l l e r s .  The r e a l  payoff ,  o f  course,  occurs  a t  
h igher  volumes. 

The t o t a l  d i r e c t  c o s t  o f  t h e  t h r e e  models, i nc lud ing  m a t e r i a l ,  l a b o r ,  
and 100% overhead is  summarized i n  t h e  fo l lowing  t a b l e .  
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4.2 MODELLING OF INDUSTRIAL PRODUCER 

I n  o rde r  t o  cap tu re  a l l  t h e  c o s t s  a s soc i a t ed  wi th  producing t h i s  
c o n t r o l l e r  i n  a  r a p i d l y  growing commercial environment, a  model was 
cons t ruc ted  o f  a  company which would make only  t h i s  u n i t  i n  
q u a n t i t i e s  of  10; 100; 1,000; 10,000; and 700,000 per year i n  
succes s ive  years .  I ndus t ry  s tandard  o r  t y p i c a l  r a t i o s  were used f o r  
t h e  computer e l e c t r o n i c s  i n d u s t r y  i n  Massachuset ts ,  based on adv i se  
o f  c o n s u l t a n t s  experienced i n  t h i s  a rea .  Overhead, inventory ,  
equipment, G&A, and o t h e r  c o s t s  were captured i n  t h i s  model. The 
r e s u l t  g ives  a  p i c t u r e  of  cash flow and r e t u r n  on investment a s  wel l  
a s  p r o f i t i b i l i t y .  

The c o s t s  of  t h e  c o n t r o l l e r  a r e  used f o r  t h i s  hypo the t i ca l  company 
producing va r ious  q u a n t i t i e s  of 1 ,  5,  and 15kW c o n t r o l l e r s ,  t h e  
r e s u l t i n g  income s t a t emen t ,  balance s h e e t ,  and cash flow p r o j e c t i o n s  
apply. Note t h a t  f o r  q u a n t i t i e s  under 1000/year,  a  ded ica ted  company 
f o r  j u s t  t h i s  purpose is  not  f e a s i b l e ,  and l o s s e s  r e s u l t .  For very 
smal l  numbers of u n i t s  (10)  per  y e a r ,  c o s t s  go up and p r i c e s  r e f l e c t  
t h e  custom n a t u r e  of  t h e  product.  However, f o r  l a r g e r  volumes, 
p r i c e s  a r e  q u i t e  reasonable  and r e t u r n  on investment becomes very 
a t t r a c t i v e .  F igure  4.2-1 ( 3  pages) shows t h e s e  f i g u r e s .  

The f i r s t  t h r e e  l i n e s  show t h e  u n i t  s a l e  p r i c e  of each of t h e  
t h r e e  c o n t r o l l e r s :  1=tkW, 2=5kW, 3=15kW. The next  t h r e e  l i n e s ,  
l a b e l l e d  u n i t  s a l e s ,  show p ro j ec t ed  s a l e s  numbers f o r  each type .  The 
fo l lowing  t h r e e  l i n e s ,  l a b e l l e d  number of  people ,  g ive  t h e  number of 
employees needed a t  each of  t h r e e  s a l a r y  l e v e l s ,  def ined  on t h r e e  
wage l e v e l  l i n e s  immediately below. The fo l lowing  t h r e e  m a t e r i a l  
c o s t  l i n e s  g ive  c o s t  of  m a t e r i a l  per  u n i t  f o r  each of t h e  t h r e e  t y p e s  
of  c o n t r o l l e r .  The l a s t  l i n e ,  micro d o l l a r s  per u n i t ,  i n d i c a t e s  t h e  
equ iva l en t  m a t e r i a l  c o s t  o f  t h e  PV pane l  needed t o  power t h e  
c o n t r o l l e r .  The i n t e r e s t  r a t e  f o r  each year  is ind i ca t ed  below. 

The next  s e c t i o n  is an income s ta tement  f o r  t h e  model company. 
S a l e s  and c o s t  of s a l e s  a r e  computed from t h e  above va lues .  G and A 
and overhead a r e  c a l c u l a t e d  u s ing  t y p i c a l  e l e c t r o n i c s  i n d u s t r y  
r a t i o s .  The r e s u l t i n g  n e t  a f t e r  t a x  shos  p r o f i t a b i l i t y  a f t e r  s a l e s  
pass  a  few m i l l i o n  annua l ly ,  and look good a t  l a r g e  volumes a s  a  
f r a c t i o n  of s a l e s .  

The next  l i n e s  a r e  a  balance s h e e t  showing a s s e t s  and 
l i a b i l i t i e s .  Typica l  i n d u s t r y  r a t i o s  f o r  i nven to ry ,  r e c e i v a b l e s ,  and 
payables  a r e  used. The l i n e  marked lfplugw r e p r e s e n t s  e x t r a  
c a p i t a l i z a t i o n  needed, loan  o r  e q u i t y ,  t o  fund t h i s  r a t e  of r a p i d  
expansion. 

The l a s t  page shows cash f low,  and p o i n t s  up t h e  nega t ive  cash 
f low from ope ra t i ons  due t o  t h e  r a p i d  growth r a t e .  The use of 
investment cash  is d iv ided  mainly between inventory  i n c r e a s e  and 
purchase of  f i x e d  a s s e t s .  The r e t u r n  on investment  can be seen  by 
company i n c r e a s e  i n  long term debt  wi th  n e t  a f t e r  t a x  p r o f i t s .  
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5.0 TESTING 

The MAC 5 k i l o w a t t  p ro to type  was t e s t e d  i n  s e v e r a l  s t a g e s .  Its b a s i c  
hardware was t e s t e d  a t  TriSolarCorp.  Its sof tware  was t e s t e d  a t  t h e  
Mellon I n s t i t u t e .  Then t h e  i n t e g r a t e d  hardware and sof tware  was 
ex t ens ive ly  t e s t e d  a t  TriSolarCorp,  r e s u l t i n g  i n  f u r t h e r  development 
o f  some a lgor i thms .  F i n a l l y ,  t e s t i n g  i n  four  system conf igu ra t i ons  
was planned f o r  NASA's STF system test  and completed a t  TriSolarCorp 
The t e s t  f a c i l i t y  included a  2.4kW power supply ,  a  480W s o l a r  PV 
a r r a y ,  a  100A-hr 108V l ead  ac id  b a t t e r y  bank, a  5kW r e s i s t i v e  
a d j u s t a b l e  l o a d ,  a  1HP DC motor d r i v i n g  a  jack pump wi th  a d j u s t a b l e  
hyd rau l i c  l oad ,  and a s s o r t e d  c o n t r o l  and sense  elements.  A schematic  
o f  t h e  t e s t  set-up is included i n  Appendix A .  The f i r s t  s e t  of t e s t s  
used power s u p p l i e s  t o  c a l i b r a t e  t h e  va r ious  i n p u t s  and t o  s imu la t e  
b a t t e r y  charge and d i scha rge  cyc l e s .  These t e s t s  showed t h a t  a l l  
systems worked p rope r ly ,  with accuracy wi th in  t h e  +/- 2% 
s p e c i f i c a t i o n .  It became c l e a r  t h a t  accuracy b e t t e r  t han  1% could be 
a t t a i n e d  by r e p l a c i n g  t h e  d i s c r e e t . r e s i s t o r s  on t h e  d i v i d e r  board 
wi th  p r e c i s i o n  r e s i s t o r  networks,  a  change involv ing  very l i t t l e  
e x t r a  cos t .  During t h i s  t e s t  phase,  a  s u b t l e  program bug i n  t h e  
b a t t e r y  s t a t e  of  charge sub rou t ine  was found and f i xed .  Power module 
e f f i c i e n c y  was v e r i f i e d  t o  be 97 t o  98% a t  t h e s e  vo l tages .  The 
second t e s t  phase used t h e  c o n t r o l l e r  wi th  t h e  b a t t e r y ,  s o l a r  a r r a y ,  
and r e s i s t i v e  loads .  

The b a t t e r y  charge c o n t r o l  a lgor i thm works a s  descr ibed .  Its 
e s t i m a t e  of t h e  a v a i l a b l e  c a p a c i t y  i s  l i m i t e d  mainly by t h e  accuracy 
of  t h e  b a t t e r y ' s  r a t e d  capad i ty  a t  a  given d ischarge  r a t e .  This  
f i g u r e  i s  reproduceable  on ly  t o  about 10% accuracy,  and is u s u a l l y  
based on 5 y e a r s  o r  f i x e d  cyc l e  l i f e  end of  l i f e  capac i ty .  The 
i n i t i a l  c apac i ty  i n c r e a s e s  f o r  a  few c y c l e s  t hen  s lowly decreases  
with l i f e .  Therefore ,  t h e  d i sp layed  b a t t e r y  c a p a c i t y  and t h e  load 
management a lgor i thm tend t o  be conse rva t ive  by 10 t o  20% over  t h e  
f i r s t  yea r s  of  b a t t e r y  l i f e .  Long term low c u r r e n t  ope ra t i on  i s  
l i m i t e d  by i n t e r n a l  b a t t e r y  s e l f -d i s cha rge ,  t y p i c a l l y  1% t o  2% per 
week, and c u r r e n t  e f f e c t  e r r o r s  o f  0.1% of  maximum, which is  o f t e n  a  
s i m i l a r  percentage per  week. Th i s  i s  c o r r e c t e d  whenever t h e  b a t t e r y  
i s  f u l l y  charged, s o  t h a t  b a t t e r i e s  cycled d a i l y  o r  weekly a r e  no t  
a f f e c t e d .  

The a r r a y  c o n t r o l  modes, both max power t r a c k i n g  and d i s c r e t e  
swi tch ing ,  work very wel l  and provide  a  n i c e  tapered  c u r r e n t  
f i n i s h i n g  charge f o r  a  b a t t e r y  wi th  very low water l o s s .  

Load management i n  response  t o  b a t t e r y  s t a t e  of charge i s  very good. 
It i s  f r e e  of t h e  c h a t t e r i n g  and i n s t a b i l i t y  c h a r a c t e r i s t i c s  o f  many 
vol tage- re la ted  load management schemes. 

Ins t rumenta t ion  of  t h e  system u s i n g  t h e  keypad and LCD d i s p l a y  is  
very e f f e c t i v e .  A permanently posted l is t  of  command codes on t h e  
u n i t  near  t h e  keypad was found t o  be u se fu l .  

Data logging v i a  t h e  RS232C t e rmina l  t o  an inexpensive p r i n t e r  w i l l  
be very h e l p f u l  i n  v i l l a g e  systems. Of l e s s  use  i n  smal le r  
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a p p l i c a t i o n s ,  it is  q u i t e  h e l p f u l  f o r  maintenance o r  f a u l t  d i agnos i s  
us ing  a  smal l  hand-held b a t t e r y  powered RS232 t e rmina l .  The 
p o s s i b i l i t i e s  i n h e r e n t  i n  a  phone coupler  o r  o t h e r  communications 
p o r t  f o r  remote system c o n t r o l  have not  been explored ,  but t hey  a r e  
p o t e n t i a l l y  very i n t e r e s t i n g .  The s e l f - t e s t  f unc t ions  of  t h e  
c o n t r o l l e r  a r e  an e f f e c t i v e  means o f  a l lowing u n s k i l l e d  personnel  t o  
monitor a  complex ?V system. 

The t h i r d  s e t  of t e s t s  used t h e  MAC t o  ope ra t e  a  jack pump without  
b a t t e r i e s .  Combinations of  i n s o l a t i o n  (s imulated by moving t h e  
a r r a y ) ,  t o t a l  dynamic head, and load- leve l l ing  f lywheel  s i z e  were 
compared. The c o n t r o l l e r  s u c c e s s f u l l y  performed i t s  maximum power 
t r a c k i n g  t a s k  he re  a s  with a  b a t t e r y  l oad ,  u n l e s s  t h e  v a r i a t i o n  i n  
load c u r r e n t  was f a s t e r  t han  a  f r a c t i o n  of a  second over a  range  of 
over 50% change i n  load c u r r e n t .  The MAC was a l s o  compared t o  
prev ious  models o f  max power t r a c k e r s .  The max power t r a c k i n g  wi th  
two s t e p s  s i z e s  is a  r e a l  advance i n  t h e  s t a t e  of  t h e  a r t ,  a s  i t  
provides  a  combination of more a c c u r a t e  t r a c k i n g  of  a  s t a t i c  max 
power po in t  load and f a s t e r  a c q u i s i t i o n  t ime f o r  a  varying load or  
i n s o l a t i o n .  A c h a r t  comparing t h e s e  performance f i g u r e s  is g iven  
here .  Note t h a t  t h i s  c o n t r o l  method i s  p r o p r i e t a r y  and a  pa t en t  has  
been app l i ed  f o r .  

COMPARISON OF MPC FUNCTIONS 

PRZVIOUS STATE OF THE ART MAC 
EQUIPMENT 

Acquis i t ion  Time 3 s ec  

Max Di the r ,  s t a b l e  3 % 

Product 9 

1 s e c  

7 % 

7 

This  means, f o r  example, a  vo lumet r ic  pump o r  o t h e r  s lowly 
c y c l i n g  loads  can be dynamically matched t o  t h e  s o l a r  a r r a y  wi th  
reduced need f o r  expensive o r  c o s t l y  load l e v e l l i n g  mechanisms such 
a s  l a r g e  f lywheels ,  b a t t e r i e s ,  e t c .  Th i s  opens up a d d i t i o n a l  
a p p l i c a t i o n s  f o r  t h e  c o n t r o l l e r .  Flywheels prev ious ly  s i zed  f o r  5  
s t r o k e s  o f  energy f o r  t h e  pump a t  f u l l  speed can now be made t o  s t o r e  
on ly  1 s t r o k e  of  t h e  pump a t  f u l l  speed,  s av ing  cons iderab le  c o s t  and 
energy. 

In  f a c t ,  ope ra t i ng  t h e  jack pump without  any f lywheel  r e s u l t e d  i n  no 
l o s s  of ou tput .  However, system parameters  were poorly c o n t r o l l e d  
under t h i s  cond i t i on ,  and t h e  a r r a y  and motor vo l tage  va r i ed  f o r  
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s h o r t  per iods  of  t ime over a  wide range.  

I n  very low l i g h t  l e v e l s  (dawn o r  dusk) t h e  ope ra t i on  of t h e  
c o n t r o l l e r  was i r r e g u l a r  a s  it a l t e r n a t e l y  s t a r t e d  and stopped 
i n t e r n a l  ope ra t i on .  This  i s  common wi th  many s o l a r  dev i ce s ,  and i t  
caused no damage o r  l o s s  of o u t p u t ,  bu t  it  is no t  we l l  con t ro l l ed .  
A change of c o n t r o l  parameters  i s  suggested t o  improve t h i s :  reduc ing  
t h e  s t e p  s i z e  a t  smal l  p u l s e  widths ,  and redueing t h e  minimum pu l se  
width. 

The l a s t  set of t e s t s  used t h e  b a t t e r y ,  a r r a y ,  power supply ,  
r e s i s t i v e  l o a d ,  and s imulated product s t o r a g e  t o  t e s t  t h e  product  
s t o r a g e  dual-use algori thm. This  opera ted  a s  i t  should,  bu t  showed 
s e n s i t i v i t y  t o  t h e  programmed th re sho ld  va lues  and was d i f f i c u l t  t o  
diagnose. It may be a  b i t  complicated f o r  remote v i l l a g e  use ,  
although it can be used t o  a l l o c a t e  energy between s e v e r a l  u se s .  I ts  
s o p h i s t i c a t i o n  makes i t  d i f f i c u l t  f o r  a  u s e r  t o  v e r i f y  t h a t  it i s  
ope ra t i ng  p rope r ly ,  and t h i s  may make it l e s s  popular than o the r  
approaches based s o l e l y  on b a t t e r y  s t a t u s .  

The o v e r a l l  r e s u l t  o f  t h e  t e s t i n g  was t h a t  t h e  MAC u n i t  works and 
works very we l l .  I n  comparison wi th  o t h e r  e x i s t i n g  c o n t r o l l e r s ,  t h e  
microprocessor  automatic  c o n t r o l l e r  worked a s  wel l  a s ,  o r  b e t t e r  
t han ,  any e x i s t i n g  PV system c o n t r o l  equipment, and can be adapted t o  
a  wide v a r i e t y  of systems simply by plugging i n  an EPROM. This  makes 
it  a  very a t t r a c t i v e  c o n t r o l l e r  f o r  PV systems where l a r g e  s i z e  (over  
2kW), remote l o c a t i o n  o r  s p e c i a l  c o n t r o l  requirements  j u s t i f y  t h i s  
type  of u n i t .  

6.0 CONCLUSIONS 

The b a t t e r y  charge c o n t r o l  a lgor i thms  i n  t h e  MAC provide s t a b l e ,  
p r e d i c t a b l e  o p e r a t i o n  of t h e  system and w i l l  do a  good job of 
extending b a t t e r y  l i f e ,  minimizing maintenance, and a c c u r a t e l y  
e s t ima t ing  s t a t e  of charge. The load  management c o n t r o l s  a r e  
f l e x i b l e  and provide good p r i o r i t i z e d  c o n t r o l  without  any problems of 
c h a t t e r  o r  n o i s e  s e n s i t i v i t y .  

The a r r a y  c o n t r o l s  work well i n  e i t h e r  t h e  maxpower t r a c k i n g ,  pu l se  
width modulated mode o r  i n  t h e  d i s c r e t e  a r r a y  swi tch ing  mode wi th  
s e q u e n t i a l  ope ra t i on .  I n  t h e  maxpower t r a c k i n g  mode, t h e  dua l  s t e p  
s i z e  a lgor i thm i s  a  r e a l  advance i n  t h e  s t a t e  o f  t h e  a r t  and a l lows  
t r a c k i n g  of vary ing  loads  which is both f a s t e r  and more accu ra t e  t han  
previous c o n t r o l l e r s .  

The meter ing  and d a t a  logging  f u n c t i o n s  provide  a  good p i c t u r e  of  
o v e r a l l  system s t a t u s .  The s e l f - t e s t  f u n c t i o n s  auch a s  a r r a y  s t r i n g  
c o n t i n u i t y  t e s t i n g  w i l l  be very u s e f u l  i n  s u b s t i t u t i n g  f o r  s k i l l e d  
o p e r a t o r s  a t  remote s i t e s  and a l lowing  scheduled system maintenance. 

The p o t e n t i a l  f o r  remote system c o n t r o l  and monitor ing is  
cons iderab le .  The f u l l  u se  of t h e  RS232 p o r t  c a p a b i l i t i e s  of  t h i s  
c o n t r o l l e r  have no t  y e t  been f u l l y  explored.  Remote system 
monitor ing o r  c o n t r o l ,  va r ious  t ypes  of  d a t a  logging,  o r  o t h e r  
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maintenance or communications functions are possible. This may make 
the microprocessor controller attractive in other kinds of systems, 
such as utility interactive PV systems or non-PV applications. 

The success of this development will allow rapid production of the 
unit for field application. 
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APPENDIX f 

The following drawings show t h e  microprocessor automatic PV 
system c o n t r o l l e r  a t  the  system l e v e l ,  PI0 (5 k i lowat t )  box 
level ,  and t h e  board level .  

The drawings a t tached include: 

Microprocessor Power Supply 
Microprocessor Control ler  Test  Configuration 
Microprocessor Display and Control Logic 

D02-00413-01 Microprocessor PI0 Wiring Diagram - Busses 
D02-00413r02 Microvrocessor PI0 Wiring Diagram - Single  Wires 
D02-00420-00 Sheet 1 Mjcroprocessor Schematic - Central  Processor 
D02-00420-00 Sheet 2 Microprocessor Schematic -' PWM Buffers &d Array Controls 
D02-00420-00 Sheet 3 Microprocessor Schematic - A/D and In t e r f ace  Logic 
D02-00420-00 Sheet 4 Microprocessor Schematic - Analog Multiplexer 
D02-00420-00 Sheet 5 Microprocessor Schematic - Current Measurement Mux 
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APPENDIX I1 

SUMMARY OF SOFTWARE DESIGN 
M A X I M U M  P O W E R  TRACKINGPHOTOVOLTAIC S Y S T E M  C O N T R O L L E R  

p r e p a r e d  b y  Thomas A .  M a i e r  
Fe L Low 

MeLLon I n s t i t u t e  C o m p u t e r  E n g i n e e r i n g  C e n t e r  
M a r c h  22 ,  1 9 8 4  



- i -  

C O N T E N T S  

1, - T h e  U s e  o f  P s e u d o c o d e  - --- 

2. - G e n e r a l  C o m m e n t s  - 2 - 

2.1. - A n a l o g  t o  D i g i t a l  C o n v e r t e r  I n t e r r u p t  R o u t i n e  2  
2.1.1. - A / D  C h a n n e l  A l i o c a t i o n s  3 
2.1.2. - S i g n a l  A v e r a g i n g  4 
2.1.3. - A / D  C h a n n e l  S t o r a g e  L o c a t i o n s  6 

2.2. - O p e r a t o r  I n t e r f a c e  7 
2.2.1. - H e x a d e c i m a l  K e y p a d  F u n c t i o n s  8 

2 . 2 . 1 . 1 .  - P u b l i c  F u n c t i o n s  9 
2.2.1.2. - P a s s u o r d - A c c e s s i b l e  F u n c t i o n s  9 
2.2.7.3. - D e b u g  M o n i t o r  F u n c t i o n s  1 0  
2.2.1.4. - M a i n t e n a n c e  a n d  L o g g i n g  F u n c t i o n s  1 1  

2.3. - C a l c u l a t i n g  And I n t e r p r e t i n g  S y s t e m  P a r a m e t e r s  1 2  

3. - A p p e n d i x  #1 - G e n e r a t i n g  S y s t e m  L o o k u p  T a b L e s  - - 14 - 

4. - A p p e n d i x  P 2  - P s e u d o c o d e  L i s t i n g s  - - 



1. The  Use  o f  P s e u d o c o d e  - --- 
T h e  m a j o r i t y  o f  t h e  i n f o r m a t i o n  r e g a r d i n g  t h e  s o f t w a r e  p a c k a g e  

d e v e l o p e d  b y  t h e  H e l l o n  I n s t i t u t e  C o m p u t e r  E n g i n e e r i n g  C e n t e r  ( M I / C E C )  
f o r  t h e  c a p t i o n e d  T r i S o L a r  p r o j e c t  i s  c o n t a i n e d  i n .  t h e  p s e u d o c o d e  
L i s t i n g s  w h i c h  a c c o m p a n y  t h i s  summary.  T h e  p s e u d o c o d e  i s  a  f i c t i t i o u s  
h i g h  L e v e l  L a n g u a g e  u s e d  t o  d o c u m e n t  a n d  d e s c r i b e  t h e  a s s e m b l y  c o d e  
u s e d  i n  e a c h  o f  t h e  r o u t i n e s .  T h e  u s e  o f  f l o w c h a r t s  has, i n  t h e  p a s t ,  
b e e n  cumbersome  t o  k e e p  u p d a t e d  a s  c o r r e c t i o n s  a n d  m o d i f i c a t i o n s  a r e  
i n c o r p o r a t e d  i n t o  a  p i e c e  o f  code .  A p s e u d o c o d e  L i s t i n g ,  o n  t h e  o t h e r  
hand, i s  e a s i l y  u n d e r s t o o d  a n d  c a n  b e  i n c o r p o r a t e d  a s  p a r t  o f  t h e  
commen ts  i n  t h e  a s s e m b l y  L a n g u a g e  code .  T h e  s i z e  o f  t h e  s o u r c e  c o d e  
f i l e  i n  t h i s  p a r t i c u l a r  p r o j e c t ,  howeve r ,  r e q u i r e d  t h a t  t h e  p s e u d o c o d e  
b e  k e p t  i n  a s e p a r a t e  f i l e .  

T h e  s y n t a x  o f  t h e  p s e u d o c o d e  g e n e r a l l y  f o t l o w s  t h e  PL /M-86  
L a n g u a g e  w h i c h  was s e l e c t e d  b e c a u s e  i t  was m o r e  " e n g t i s h - L i k e "  t h a n  
many o f  t h e  o t h e r  p r o g r a m m i n g  L a n g u a g e s .  I t  s h o u l d  b e  p o i n t e d  o u t  
t h a t  o c c a s i o n a l l y  c o n s t r u c t s  n o t  s u p p o r t e d  b y  PL /M-86  w e r e  r e q u i r e d .  
When t h i s  h a p p e n e d ,  t h e  s y n t a x  r u l e s  w e r e  " b e n t "  somewha t  t o  a l l o w  
e n g l i s h  p h r a s e s  o r  c a r e f u l l y  s e l e c t e d  s y n t a x  f r o m  o t h e r  L a n g u a g e s  t o  
fill t h e  v o i d .  The  m e a n i n g  i s  s t i l l  c l e a r  t o  a n y o n e  w i t h  f a m i l i a r i t y  
w i t h  p r o g r a m m i n g  i n  g e n e r a l .  

B y  f i r s t  w r i t i n g  t h e  r o u t i n e s  i n  t h e  p s e u d o c o d e  a n d  t h e n  
t r a n s l a t i n g  t h e  r e s u l t i n g  p s e u d o c o d e ,  L i n e  b y  L i n e ,  v e r y  c  Lean, 
s t r u c t u r e d  a s s e m b l y  c o d e  c a n  b e  g e n e r a t e d .  I f  t h i s  t e c h n i q u e  was 
c a r e f u l l y  a d h e r e d  t o ,  r o u t i n e s  c o n t a i n i n g  h u n d r e d s  o f  l i n e s  o f  c o d e  
c a n  b e  g e n e r a t e d  w i t h  few, i f  any, e r r o r s .  

2. G e n e r a l  Comments  - 
The  r e m a i n d e r  o f  t h i s  summary  d e t a i l s  some o f  t h e  o t h e r  

i n f o r m a t i o n  t h a t  i s  n o t  r e f l e c t e d  i n  t h e  p s e u d o c o d e  l i s t i n g s ,  s u c h  as; 
i n f o r m a t i o n  a b o u t  t h e  A / D  r o u t i n e ,  A / D  c h a n n e l  a l t o c a t i o n s ,  S i g n a l  
A v e r a g i n g  a n d  s i m i l a r  t o p i c s .  

I 

2.1. A n a l o g  t o  D i g i t a L  C o n v e r t e r  I n t e r r u p t  R o u t i n e  - - - 

As a  r e s u l t  o f  a  n e g a t i v e  t r a n s i t i o n  o n  t h e  4 m i l l i s e c o n d  N M I  
L i ne ,  t h e  A / D  i n t e r r u p t  h a n d l e r  g a t h e r s  1 3  c h a n n e l s  o f  d a t a ,  o n e  a t  a  
t i m e ,  a n d  s t o r e s  t h e  r e s u l t s  i n  memory .  To  a c c o m p l i s h  t h i s ,  t h e  
r o u t i n e  s e t s  a  mux c h a n n e l  a d d r e s s ,  w a i t s  f o r  s e t t l i n g  t o  o c c u r ,  
s t - a r t s  t h e  c o n v e r s i o n ,  p o l l s  f o r  c o n v e r s i o n  c o m p l e t e ,  f o r m a t s  a n d  
s t o r e s  t h e  r e s u l t  a n d  t h e n  r e p e a t s  t h e  p r o c e s s  f o r  e a c h  s u c c e s s i v e  
c h a n n e l .  I n  o r d e r  t o  c o n s e r v e  t i m e ,  t h e  f o r m a t i n g ,  w h i c h  a m o u n t s  t o  
r e a r r a n g i n g  t h e  w o r d  b i t  p a t t e r n  a n d  c h a n g i n g  f r o m  s i g n  m a g n i t u d e  t o  
2 ' s  c o m p l e t e m e n t  n o t a t i o n ,  i s  i n t e r l e a v e d  w i t h  t h e  80  m i c r o s e c o n d  
c o n v e r s i o n  t i m e  o f  t h e  n e x t  c h a n n e l .  

T h e  d a t a  r e a d  f r o m  t h e  A / D  i s  r e t u r n e d  i n  2  b y t e s ,  s h o w n  h e r e  



m s b y t e  f i r s t :  

b7 b 6  bS  b 4  b 3  s i g n  b 9  b 8 : b s y  t l  sw2 s w l  u  b 2  .b1 b [  

w h e r e  bX = d a t a  b i t  X 
s i g n  = s i g n  b i t ,  " 1 "  = n e g a t i v e  
b s y  = A / D  b u s y  L i n e ,  " 1 "  = d o n e  
t l  = 3 0  m i n u t e  a l a r m  s i g n a l  
w = w a t c h d o g / p a n i c  i n t e r r u p t  l i n e  
s w l  = i n h i b i t  s w i t c h ,  
sw2 = m o t o r  t h e r m o s t a t  

u h i c h  m u s t  b e  r e a r r a n g e d  t o  t h e  f o r m :  

s i g n  s i g n  s i g n  s i g n  s i g n  s i g n  b 9  b8 : b 7  b 6  b 5  b 4  b 3  b 2  b l  b 0  

N o t i c e  t h e  e x t e n d e d  s i g n  b i t  a n d  t h e  e l i m i n a t i o n  o f  t h l  
m i s c e L L a n e o u s  i n p u t  b i t s .  I t  i s  i m p o r t a n t  t o  r e t a i n  t h e  o t h e r  d a t ,  
b i t s ,  w h i c h  a r e  u s e d  e l s e u h e r e ,  b e c a u s e  r a n d o m  r e a d s  t o  t h e  A / I  
( w i t h o u t  a  c o r r e s p o n d i n g  u r i t e ,  t o  i n i t i a t e  a  c o n v e r s i o n  c y c l e )  p l a c t  
t h e  A / D  i n t o  a n  i n d e t e r m i n a t e  s t a t e .  S i n c e  t h e s e  d a t a  b i t s  a r t  
a v a i l a b l e  d u r i n g  e a c h  r e a d  o f  t h e  A / D ,  t h e y  a r e  r e t a i n e d  when t h e  A / f  
i s  r e a d  d u r i n g  t h e  s e l d o m  r e a d  c h a n n e l  a n d  a r e  s t o r e d  i n  a t a r m  3 0  f o r  - 
u s e  a t  a L a t e r  t i m e .  

C h a n n e l  A l l o c a t i o n s  

C h a n n e l s  a r e  b r o k e n  u p  i n t o  t w o  g r o u p s ,  t h e  " o f t e n - r e a d ' s "  a n d  
t h e  " s e t d o m - r e a d ' s " .  As i m p l e m e n t e d  i n  v e r s i o n  1 . X  o f  t h e  s o f t w a r e ,  
t h e  f i r s t  g r o u p  c o n t a i n s  1 2  c h a n n e l s  ( i . e .  1 0  b r a n c h  c u r r e n t s  a n d  t h e  
b a t t e r y  c u r r e n t  a n d  v o l t a g e )  t h a t  a r e  r e a d  e v e r y  t i m e  t h e  r o u t i n e  i s  
c a l l e d .  The  L a t t e r  g r o u p  c o n t a i n s  a l l  o f  t h e  o t h e r  c h a n n e l s  a n d  a r e  
r e a d  i n  a  " r o u n d  r o b i n "  f a s h i o n ,  o n e  p e r  p a s s  t h r u  t h e  r o u t i n e .  T h e  
f o l l o u i n g  i s  a  L i s t  o f  t h e  " o f t e n  r e a d "  a n d  " s e l d o m  r e a d "  c h a n n e l s  
s h o w i n g  t h e  mux a d d r e s s e s  a n d  c h a n F e l  n u m b e r  a s s o c i c a t a d  w i t h  e a c h .  

O F T E N  R E A D  CHANNELS 

s i g n a l  name 

b a t t e r y  v o l t s  
b a t t e r y  c u r r e n t  
b r a n c h  #1 c u r r e n t  
b r a n c h  # 2  c u r r e n t  
b r a n c h  #3  c u r r e n t  
b r a n c h  # 4  c u r r e n t  
b r a n c h  # 5  c u r r e n t  
b r a n c h  #6 c u r r e n t  

mux o f t e n - r e a d  
a d d r e s s  c h a n n e l  n u m b e r  



b r a n c h  # 7  c u r r e n t  $27  d 

b r a n c h  # 8  c u r r e n t  6 2 8  
b r a n c h  # 9  c u r r e n t  $ 2 9  
b r a n c h  # I 0  c u r r e n t  S 2 A  

s i g n a l  name 

SELDOM R E A D  CHANNELS 

mux s e l d o m - r e a d  
a d d r e s s  c h a n n e l  n u m b e r  

b r a n c h  # I  v o l t s  $ 0 1  
b r a n c h  #2  v o l t s  $ 0 2  
b r a n c h  # 3  v o l t s  $03  
b r a n c h  # 4  v o l t s  $ 0 4  
b r a n c h  # 5  v o l t s  $05  
b r a n c h  # 6  v o l t s  $ 0 6  
b r a n c h  # 7  v o l t s  SO7 
' b r a n c h  # 8  v o l t s  $1 0  
b r a n c h  # 9  v o l t s  $1 I 
b r a n c h  # I 0  v o l t s  81  2  
l o a d  b u s  # 1 v o l t s  81  3  
L o a d  b u s  # 2  v o l t s  S1 4  
l o a d  b u s  # 3 v o l t s  $1  5  
l o a d  b u s  # 4  v o l t s  $1  6  
l o a d  b u s  # 5  v o l t s  $1 7 
L o a d  b u s  # I  c u r r e n t  $28  
L o a d  b u s  # 2  c u r r e n t  $2 C 
L o a d  b u s  #3  c u r r e n t  S2D 
l o a d  b u s  # 4  c u r r e n t  S2E 
l o a d  b u s  # 5  c u r r e n t  f 2  F 
b a t t e r y  t e m p  83  0 
f r e e z e r  t e m p  $ 4 0  
8 0 %  o f  V r e f  $ 5 0  
z e r o  v o l t a g e  r e f e r e n c e  S70  

2.1.2. S i g n a l  A v e r a g i n g  - - -  

The  raw, o f t e n  r e a d  c h a n n e l  d a t a  i s  s t o r e d  ( 2 ' s  c o m p l e m e n t  f o r m )  
i n  a  1 2  x 1 6  W O R D  a r r a y  b a s e d  a t  o f t e n  r e a d  b a s e  ( a t  L o c a t i o n  $ 0 3 2 0 1 .  
  he a r r a y  i s  a r r a n g e d  i n  t h e  f o l l o w i n g  i a n n e y .  The  t a b l e  shows  t h e  
a d d r e s s  a t  w h i c h  t h e  L s b y t e  o f  e a c h  r e a d i n g  f o r  e a c h  c h a n n e l  o f  t h e  
" o f t e n  - r e a d ' s "  i s  s t o r e d .  



S i g n a l  A v e r a g i n g  A r r a y  

c h a n n e l  n u m b e r s - - >  
0 1 

r e a d i n g  
n u m b e r  

N o t e  o f t e n  - r e a d  b a s e  = - 

When 1 6  s e t s  o f  d a t a  h a v e  b e e n  g a t h e r e d  t h e  d a t a s e t  r e a d y  f l a g  i! - 
s e t .  T h i s  f l a g  i s  u s e d  a s  t h e  h a n d s h a k e  s e m a p h o r e .  U h i L e  t h t  
d a t a s e t  r e a d y  f l a g  = 1, t h e  b a c k g r o u n d  p r o g r a m  h a s  n o t ,  a s  y e t ,  
c o n v e r t e d  a n 3  u s e d  t h e  L a s t  d a t a  s e t .  When t h e  d a t a s e t  r e a d y  f l a g  i! - - 
f o u n d  t o  b e  a s s e r t e d ,  t h e  s i g n a l  a v  r o u t i n e ,  u h i c h  r u n s  i n  t h t  
b a c k g r o u n d ,  sums t h e  1 6  i n d i v i d u a  [ - r e a d i n g s  o f  e a c h  c h a n n e l  (i . e .  o n t  
o f  t h e  a b o v e  c o l u m n s )  a n d  d i v i d e s  t h e  r e s u l t  b y  1 6  t o  p r o d u c e  a r  
a v e r a g e  f o r  t h a t  c h a n n e l .  T h i s  r e s u l t  i s  p l a c e d  i n t o  t h e  p r o p e r  
L o c a t i o n  i n  t h e  dump - s t a t e  a r r a y .  

T h e  c a l c u l a t i o n  o f  t o t a l  c h g r  I, i .e .  t h e  t o t a l  a r r a y  c u r r e n t  i s  
d o n e  i n  t h i s  r o u t i n e  a s  u e l T .  ~ b c h  o f  t h e  b r a n c h  c u r r e n t s  i s  summed 
a n d  t h e  t o t a l  i s  s t o r e d  i n  t h e  dump s t a t e  a r r a y  a s  o u t l i n e d  b e l o w .  
S i n c e  t h e  A / D  r e a d i n g  o f  a n y  g i v e n  g r a n c h  i s  a  maximuw o f  1 0  b i t s ,  t h e  
sum o f  t h e  1 0  s t r i n g s  c a n  n e v e r  e x c e e d  t h e  1 6  b i t  w o r d  r e s e r v e d  f o r  
i t .  

A L L  o f  t h e  s e l d o m  r e a d  c h a n n e l s  a r e  l o a d e d  d i r e c t t y  i n t o  
dump - a r r a y  a s  t h e y  a r e  r e a d  u i t h o u t  s i g n a l  a v e r a g i n g .  

T h e  f o l l o u i n g  f i g u r e  s h o u s  t h e  a r r a . n g e m e n t  o f  t h e  d a t a  i n  t h e  
"dump - s t a t e "  a r r a y .  



2.1.3. A / D  C h a n n e l  S t o r a g e  L o c a t i o n s  - - -  - -  

a d d r  
- 

0 0 0 8  
O O O A  
O O O C  
OOOE 
0 0 1 0  
0 0 1  2  
0 0 1  4  
0 0 1  6 
0 0 1 8  
O O l A  
0 0 1  C 
0 0 1  E 

O f t e n  R e a d  C h a n n e l s :  

v a r i a b l e  

b a t t e r y  V: 
b a t t e r y - I :  
b r a n c h 1 7  
b r a n c h 2 :  
b r a n c h 3 :  
b r a n c h 4 :  
b r a n c h 5 :  
b r a n c h 6 :  
b r a n c h 7 :  
b r a n c h 8 :  
b r a n c h 9 :  
b r a n c h l o :  

S e l d o m  Read C h a n n e l s :  

b r  - v o l t s l :  

b r - v o l t s 8 :  
b r m v o l t s 9 :  
b r - v o l t s l 0 :  
b u s  v o l t s l :  

b u s - v o l t s 4 :  
b u s - v o l t s 5 :  
bus-amps1 : 
bus-amps2: 
bus-amps3: 
bus-amps4:  
busmamps5: 
b a t - t e m p :  
f r e r  t e m p :  
v re?: 
z e r o  r e f :  
to ta- i :  - c h g r  - I :  

d e s c r i p t i o n  

a v e r a g e d  b a t t e r y  v o l t a g e  
a v e r a g e d  b a t t e r y  c u r r e n t  
a v e r a g e d  b r a n c h  1 c u r r e n t  
a v e r a g e d  b r a n c h  2  c u r r e n t  
a v e r a g e d  b r a n c h  3 c u r r e n t  
a v e r a g e d  b r a n c h  4  c u r r e n t  
a v e r a g e d  b r a n c h  5  c u r r e n t  
a v e r a g e d  b r a n c h  6 c u r r e n t  
a v e r a g e d  b r a n c h  7 c u r r e n t  
a v e r a g e d  b r a n c h  8  c u r r e n t  
a v e r a g e d  b r a n c h  9  c u r r e n t  
a v e r a g e d  b r a n c h  1 0  c u r r e n t  

b r a n c h  1 v o l t a g e  
b r a n c h  2  v o l t a g e  
b r a n c h  3 v o l t a g e  
b r a n c h  4  v o l t a g e  
b r a n c h  5 v o l t a g e  
b r a n c h  6 v o l t a g e  
b r a n c h  7 v o l t a g e  
b r a n c h  8  v o l t a g e  
b r a n c h  9 v o l t a g e  
b r a n c h  1 0  v o l t a g e  
L o a d  b u s  # 1  v o l t a g e  
L o a d  b u s  # 2  v o l t a g e  
L o a d  b u s  # 3  v o l t a g e  
L o a d  b u s  # 4  v o l t a g e  
L o a d  b u s  # 5  v o l t a g e  
L o a d  b u s  # 1  c u r r e n t  
L o a d  b u s  # 2  c u r r e n t  
L o a d  b u s  #3 c u r r e n t  
L o a d  b u s  # 4  c u r r e n t  
l o a d  b u s  # 5  c u r r e n t  
b a t t e r y  t e m p e r a t u r e  
f r e e z e r  t e m p e r a t u r e  
r e a d i n g  o f  .8 V r e f  
z e r o  v o l t a g e  r e f e r e n c e  
c u r r e n t  t o t a l  c h a r g e r  c u r r e n t  

S i n c e  t h e  4  m i  l l s e c o n d  i n t e r r u p t  i s  t h e  o n L y  means  f o r  p r o v i d i n g  
s y s t e m  t i m i n g ,  t h e  o n e - s e c o n d  a n d  8 0  msec  t i m e r s  a n d  f l a g s  a r e  b o t h  
c o n t r o l l e d  b y  t h i s  r o u t i n e .  B o t h  t i m e r s  ( L o c a t e d  i n  memory )  a r e  
d e c r e m e n t e d  e a c h  p a s s  a n d  r e l o a d e d  when t h e y  r e a c h  0. When e i t h e r  
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t i m e r  " t i m e s  o u t " ,  t h e  r e s p e c t i v e  f l a g  i s  s e t  t o  i n d i c a t e  t o  t h  
b a c k g r o u n d  r o u t i n e  t h a t  t h e  t i m e  p e r i o d  h a s  e l t a p s e d .  

S e t t l e  t i m e  i s  s e t  b y  t h e  max p w r  t r a c k  r o u t i n e  e v e r y  t i m e  t h a t  
c h a n g e  i s  msde  t o  t h e  PwM coun te r s :  ~ f - s e t t l e  t i m e  i s  non-zero, .  a t  L o  
t h e  d a t a  g a t h e r i n g  c o d e  i n  t h i s  r o u t i n e  i s  s k i r t e d .  T h i s  g i v e s  t h  
p o w e r  m o d u l e  t i m e  t o  s e t t l e  b e f o r e  d a t a  i s  a g a i n  t a k e n .  

T h i s  r o u t i n e  a l s o  i n v o k e s  s c a n  k y b d  o n  e a c h  p a s s  t o  h a n d l e  t h  
s c a n n i n g  o f  t h e  h e x  k e y p a d  o n  t h e  f y o n t  p a n e l .  

2 . 2 .  O p e r a t o r  I n t e r f a c e  \ - - 
T h e  f o l l o w i n g  f o u r  s e c t i o n s  o u t l i n e  t h e  f u n c t i o n s  t P t a t  a r  

a v a i l a b l e  t o  t h e  u s e r  e i t h e r  v i a  t h e  h e x a d e c i m a l  k e y p a d  o n  t h e  f r o n  
p a n e l  o r  t h e  s e r i a l  p o r t  ( 3 0 0  b a u d  o n l y ) .  The  c h a n n e l  n u m b e r s  u s e  
f o r  a c c e s s i n g  t h e  d i f f e r e n t  q u a n t i t i e s  a r e  a s  f o l l o w s :  ( K o t e  t h '  
d i f f e r e n c e  b e t w e e n  t h e  u s e r  c h a n n e l  n u m b e r  a n d  t h e  r a w  c h a n n e l  n u m b e r ,  
w h i c h  i s  u s e d  o n l y  w i t h  t h e  Q command t h r o u g h  t h e  s e r i a l  p o r t . )  

O F T E N  R E A D  C H A N N E L S  

s i g n a l  name 

b a t t e r y  v o l t s  
b a t t e r y  c u r r e n t  
b r a n c h  #1 c u r r e n t  
b r a n c h  # 2  c u r r e n t  
b r a n c h  # 3  c u r r e n t  
b r a n c h  # 4  c u r r e n t  
b r a n c h  # 5  c u r r e n t  
b r a n c h  # 6  c u r r e n t  
b r a n c h  #7 c u r r e n t  
b r a n c h  # 8  c u r r e n t  
b r a n c h  # 9  c u r r e n t  
b r a n c h  # 1 0  c u r r e n t  

s i g n a l  name 

u s e r  ch  u s e r  c h  d i s p l a y  r a u  c h  
n u m b e r  n u m b e r  p a t t e r n  n u m b e r  

( s e r i a l )  ( k e y p a d )  

E O O  
1 0 0  
I 0 1  
1 0 2  
I03  
I 0 4  
I 0 5  
1 0 6  

A D O  
B O O  
B01 
8 0 2  
8 0 3  
8 0 4  
5 0  5 
B06 
B07 
8 0 8  
8 0 9  
01 0  

S E L D O M  R E A D  CHANNELS 

Q O O  
Q O l  
QO2 
Q 0 3  
QO4 
Q 0 5  
0 0 6  
Q 0 7  
Q 0 8  
Q 0 9  
Q 1 0  
a 1 1  

u s e r  c h  u s e r  c h  d i s p l a y  r a w  c h  
n u m b e r  n u m b e r  p a t t e r n  n u m b e r  

( s e r i a l )  ( k e y p a d )  

b r a n c h  #1 v o l t s  E0 1 A01 . x x x . x  9 1 2  
b r a n c h  #2 v o l t s  EO2 A02 x x x . ~  Q 1 3  
b r a n c h  #3  v o l t s  E03 A03 x x x . ~  Q 1 4  
b r a n c h  # 4  v o l t s  E04 A0 4  x x x . ~  Q 1 5  
b r a n c h  # 5  v o l t s  ED5 A05 x x x . ~  Q l 6  
b r a n c h  # 6  v o l t s  E06 A06 X X X . X  Q 1 7  



b r a n c h  # 7  v o l t s  E0 7 A07 x x x . ~  
b r a n c h  # 8  v o l t s  E08 A08 x x x - x  
b r a n c 9  # 9  v o l t s  E09 A09 x x x . ~  
b r a n c h  # I 0  v o l t s  EO 1 A1 0 x x x . ~  

l o a d  b u s  # 1  v o l t s  E3 1 A3 1 x x x . ~  
l e a d  b u s  #2  v o l t s  E3 2 A3 2 x x x . ~  
l o a d  b u s  #3  v o l t s  E3 3 A3 3 x x x . ~  
l o a d  b u s  #4  v o l t s  E3 4 A3 4 x x x . ~  
l o a d  b u s  #5  v o l t s  E3 5 A3 5 x x x . ~  

L o a d  b u s  # I  c u r r e n t  I 3  1 B3 1 x x x . ~  
l o a d  b u s  #2  c u r r e n t  I 3  2 83 2 x x x . ~  
L o a d  b u s  #3 c u r r e n t  13 3 B3 3 x x x . ~  
L o a d  b u s  # 4  c u r r e n t  I 3  4 83 4 x x x . ~  
L o a d  b u s  #5 c u r r e n t  13 5 83 5 x x x . ~  

b a t t e r y  t e m p  D3 6 D3 6 x x x . ~  
f r e e z e r  t emp  D3 7 D37 x x x . ~  
80% o f  V r e f  E3 8 A3 8 x . x x x  
z e r o  v o l t a g e  r e f e r e n c e  E39 A3 9  x . x x x  

t o t a l  c h a r g e r  c u r r e n t  I 4 0  840  x x x . ~  

s t a t e  o f  c h a r g e  DO0 DO0 x x x  
c o r r e c t e d  s t a t e  o f  c h g  D40 D40 x x x  
e q u a l  c o u n t  D41 D41 x x x  
p w m - v a t ~ e  ~ 4 2  ~ 4 2  x x x 

T h e  f o l l o w i n g  a r e  c a l c u l a t e d  a t  d i s p l a y  t i m e :  

s i g n a  L name 

b a t t e r y  p o w e r  
b r a n c h  # I  p o w e r  
b r a n c h  #2  p o w e r  
b r a n c h  # 3  p o w e r  
b r a n c h  # 4  p o w e r  
b r a n c h  #5  p o w e r  
b r a n c h  # 6  p o w e r  , 

b r a n c h  # 7  p o w e r  
b r - a n c h  # 8  p o w e r  
b r a n c h  # 9  p o w e r  
b r a n c h  # I 0  p o w e r  

u s e r  c h  u s e r  c h  d i s p l a y  
n u m b e r  n u m b e r  p a t t e r n  

( s e r i a  L )  ( k e y p a d )  

C O O  X X X X X  

C01 X X X X X  

C02 X X X X X 

C03 x x x x x  
C04 x x x x x  
C05 x x x x x  
C06 x x x x x  
C07 x x x x x  
C08 x x x x x 
C09 x x x x x  
C10 X X X X X  

2.2.1. H e x a d e c i m a l  K e y p a d  F u n c t i o n s  - - -  
Some o f  t h e  f o l l o w i n g  f u n c t i o n s ,  i . e .  t h o s e  n o t e d  w i t h  ( m u t t ) ,  

a r e  " m u l t i m e t e r  f u n c t i o n s " .  T h i s  means  t h a t  when t h i s  f u n c t i o n  i s  
s e l e c t e d ,  e v e r y  3 2 0  msec  t h e  q u a l i t y  i s  measu red ,  c o n v e r t e d  a s  



n e c e s s a r y  a n d  r e d i s p l a y e d .  

D e f i n i t i o n  o f  n o t a t i o n :  

a  - a n y  o f  t h e  a l p h a n u m e r i c  k e y s  ( i . e .  n o t  "*" o r  " # " )  

nn - c h a n n e l / d e v i c e  s p e c i f i c a t i o n  c o n s i s t i n g  o f  a n y  t w o  n u m e r i c  k e y s  

m m  o r  mmm - d a t a  s p e c i f i c a t i o n  c o n s i s t i n g  o f  a n y  t w o  o r  t h r e e  n u m e r i c  

N O T E :  a l l  i n p u t s  a r e  a s s u m e d  t o  b e  " f i x e d  f o r m a t "  i .e., if t h e  s p e c i f  
c a l l s  f o r  3 d i g i t s ,  L e a d i n g  z e r o e s  m u s t  b e  a d d e d  t o  make t h e  i n p u t  3 
l o n g .  

2.2.1.1. P u b l i c  F u n c t i o n s  - - - - 

s e q u e n c e  f u n c t i o n  
---------------------------------------------------------------------. 
--------------c------------------------------------------------------. 

* c l e a r  f u n c t i o n  

a c t i v a t e  p a s s w o r d - a c c e s s i b l e  f u n c t i o n s  
i f u s e r  p a s s w o r d  m a t c h e s ( s e e  b e l o w )  

A n n #  r e a d  c h a n n e l  n n  v o l t a g e  ( m u l t )  

B n n t  

Cnn#  

r e a d  c h a n n e l  nn c u r r e n t  ( m u t t )  

r e a d  c h a n n e l  n n  p o w e r  ( m u t t )  

r e a d  m i s c  d a t a  c h a n n e l s  ( r n u l t )  

d i s p l a y  s o f t w a r e  v e r s i o n  n u m b e r  

r e a d  t i m e ,  h o u r s  a n d  m i n u t e s  ( m u l t )  

i n i t i a t e  "dump" o f  m a c h i n e  s t a t e  t o  
s e r i a l  p o r t  

DD# n o t  u s e d  

P a s s w o r d - A c c e s s i b l e  F u n c t i o n s  

I n  o r d e r  t o  a c c e s s  t h e s e  f u n c t i o n s ,  t h e  u s e r  m u s t  h a v e  
s u c c e s s f u l l y  e n t e r e d  t h e  4 c h a r a c t e r  p a s s w o r d  

s e q u e n c e  f u n c t i o n  
....................................................................... 



se? L o a d  s h e d  t h r e s h o l d  f o r  L o a d  n  a t  m m m  

s e t  L o a d  r e s t o r e  t h r e s h o l d  f o r  L o a d  n a t  m m m  

s e t  t h e  i n i t i a l  p e r c e n t a g e  SOC a t  m m m X  

s e t  d e v i c e  n n  t o  c o n d i t i o n  m, w h e r e  m m u s t  b e  
e i t h e r  a  "1" (ON) o r  a  "0" (OFF) 

d e v i c e  0 a u d i b l e  a l a r m  
d e v i c e  1-6 u s e r  L o a d  r e q u e s t s ,  1 t h r u  6 
d e v i c e  7-11 o v e r l o a d  t r i p  r e s e t s  f o r  L o a d s  1 t h r u  5 
d e v i c e  12-17 PWM b u f f e r  # I  c o n t r o l s  1 t h r u  6 
d e v i c e  18-23 PWM b u f f e r  #2 c o n t r o l s  1 t h r u  6 
d e v i c e  24-25 Y e l l o w ,  a n d  Red LEDs 

i n i t i a t e  Lamp a n d  a n n u n c i a t o r  t e s t  
( a c c e s s a b l e  o n l y  i n  t e s t / c a L  mode)  

t o g g l e  f r o m  r u n  t o  t e s t / c a L  mode 
( s y s t e m  comes u p  i n  t h e  r u n  mode)  

CChhmm# s e t  t i m e ,  h o u r s  a n d  m i n u t e s  

DD# c a n c e l  p a s s w o r d  a u t h o r i z a t i o n  

2.2.1.3. D e b u g  M o n i t o r  F u n c t i o n s  - - - -  

T h e s e  f u n c t i o n s  a r e  a c c e s s e d  v i a  t h e  s e r i a l  p o r t .  T h e y  a r e  
l i s t e d  i n  u p p e r  a n d  L o w e r  c a s e  L e t t e r s  f o r  c o m p a r i s o n  w i t h  t h e  
commands a b o v e .  I n  o r d e r  t o  p e r m i t  maximum f l e x i b i l i t y  w i t h  r e s p e c t  t o  
t e r m i n a l s ,  e i t h e r  c a s e  i s  u s e a b l e  i n  p r a c t i c e .  

s e q u e n c e  f u n c t i o n  .......................................................................... .......................................................................... 

^H, b a c k s p a c e ,  d e L  D e l e t e s  L a s t  c h a r a c t e r  e n t e r e d .  E c h o e s  
b a c k s p a c e ,  space ,  b a c k s p a c e  t o  a l l o w  
o v e r w r i t i n g  t h e  L a s t  c h a r a c t e r  e n t e r e d  
w h e n  a  CRT t e r m i n a t  i s  u s e d .  

C a u s e s  CPU t o  i g n o r e  p r e s e n t  command L i n e  

R e t u r n  t o  command .mode  

O p e n s  a  memory  l o c a t i o n  a t  t h e  s p e c i f i e d  
a d d r e s s  ( r e q u i r e s  4 h e x a d e c i m a l  d i g i t s ) .  
S u c c e s s i v e  " " ( s p a c e )  c h a r a c t e r s  i n c r e m e n t  
t h r u  memory,  w h i  Le "-" c h a r a c t e r s  d e c r e m e n t  
t h r u  memory .  A t  a n y  t i m e  t h e  c o n t e n t s  o f  
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a  L o c a t i o n  may b e  a l t e r e d  b y  e n t e r i n g  t h e  
new d a t a  f o l l o w e d  b y  a  c a r r i a g e  r e t u r n .  

B e g i n s  e x e c u t i o n  a t  t h e  s p e c i f i e d  a d d r e s s .  
n o  a d d r e s s  i s  s p e c i f i e d ,  e x e c u t i o n  b e g i n s  
t h e  p r e s e n t  PC L o c a t i o n  

P l a c e s  a  b r e a k p o i n t  a t  t h e  s p e c i f i e d  a d d r e  
T h i s  t r a c e  m o d e  w i l t  o n l y  w o r k  o n  c o d e  
L o c a t e d  i n  RAM. 

X R e m o v e s  e x i s t i n g  b r e a k p o i n t .  

T h i s  p e r m i t s  a  p r o g r a m  t o  b e  d o w n l o a d e d  f r ~  
a  h o s t  n a c h i n e  t o  m e m o r y  s t a r t i n g  a t  t h e  
s p e c i f i e d  a d d r e s s .  

F c s t a r t  - a d c r  e n d  a d d r  d a t u m >  - 
F i l l s  t h e  s p e c i f i e d  m e m o r y  r a n g e  u i t f ,  s p e c .  
b y t e  o f  d a t a .  

M a i n t e n a n c e  a n d  - F u n c t i o n s  

M a n y  o f  t h e  f o l l o w i n g  f u n c t i o n s  a r e  e s s e n t i a l l y  i d e n t i c a l  t 
t h o s e  i n v o k e d  f r o r ,  t h e  h e x a d e c i m a l  k e y p a d ,  t h e  e x c e p t i o n s  b e i n s  t h o s  
c o m n ~ a n d s  r e q u i r i n g  p a s s w o r d  a u t h o r i z a t i o n . .  T h e  m a i n  d i f f e r e n c e  i 
t h a t  t h e  s y s t e m  r e s p o n s e  i s  r e t u r n e d  v i a  t h e  s e r 3 a l  p o r t .  T h i s  c o u l  
b e  u s e d  f o r  d a t a  L o g g i n g  b y  h a v i n g  a n  e x t e r n a l  d e v i c e  r e a u e s t  t h  
d e s i r e d  d a t a .  

s e q u e n c e  f u n c t i o n  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

U<pwrc t i m e r  n o . > < d u t y  c y c l e >  
S e t  t h e  P o w e r  M o d u l e  d u t y  c y c l e  t o  s p e c i f i e d  
v a l u e .  If d u t y  c y c l e  > max purr, t h e  d e f a u l t  
d u t y  c y c l e  i s  s e t  t o  max pwm - 

O c d i g i  t n o . > < v a  l u e >  D i s p L a y  t h e  v a l u e  i n  t h e  s p e c i f i e d  d i g i t  o n  t 
LCD d i s p l a y .  

E n n  R e a d  c h a n n e l  nn v o l t a g e  

I n n  R e a d  c h a n n e l  n n  c u r r e n t  

P n n  R e a d  c h a n n e l  nn p o w e r  

D n n  R e a d  m i s e  d a t a  c h a n n e l s  

Qnn Q u e r y  c h a n n e l  nn f o r  " r a w "  A / D  d a t a  



N 

T 

Snmmm 

R n m m m  

Y i m m  

Jnnm 

D i s p l a y  s o f t w a r e  v e r s i o n  n u m b e r  

Read  t i m e ,  h o u r s  a n d  m i n u t e s  

S e t  l o a d  s h e d  t h r e s h o l d  f o r  L o a d  n a t  rnmm 

S e t  l o a d  r e s t o r e  t h r e s h o l d  f o r  l o a d  n a t  mmm 

S e t  t h e  i n i t i a l  p e r c e n t a g e  SOC a t  mmm% 

S e t  d e v i c e  n n  t o  c o n d i t i o n  m, w h e r e  m m u s t  b e  
e i t h e r  a  "1" ( O N )  o r  a  " 0 "  (OFF) 

d e v i c e  0  a u d i b l e  a l a r m  
d e v i c e  1 - 6  u s e r  L o a d  r e q u e s t s  1 t h r u  6 
d e v i c e  7 - 1 1  o v e r l o a d  t r i p  r e s e t s  f o r  L o a d s  1 t h r u  5  
d e v i c e  1 2 - 1 7  PWM b u f f e r  # I  c o n t r o l s  1 t h r u  6  
d e v i c e  1 8 - 2 3  PWM b u f f e r  # 2  c o n t r o l s  1 t h r u  6 
d e v i c e  2 4 - 2 5  Y e l l o w ,  a n d  Red  LEDs 

I n i t i a t e  Lamp a n d  a n n u n c i a t o r  t e s t  
( a c c e s s a b l e  o n L y  i n  t e s t / c a L  mode)  

T o g g l e  b e t w e e n  r u n  a n d  t e s t / c a L  mode, n o t e  
t h e  s y s t e m  comes u p  i n  t h e  t e s t / c a L  mode 

Chhmm S e t  t i m e ,  h o u r s  a n d  m i n u t e s  

K I n i t i a t e  "dump" o f  m a c h i n e  s t a t e  

C a l c u l a t i n g  And  - I n t e r p r e t i n g  S y s t e m  P a r a m e t e r s  

I n  o r d e r  t o  c a l c u l a t e  t h e  h e x a d e c i m a  L v a l u e s  u s e d  f o r  s y s t e m  
p a r a m e t e r s ,  i t  i s  f i r s t  n e c e s s a r y  t o  c L a s s i f y  t h e  t y p e ,  b e c a u s e  e a c h  
t y p e  o f  p a r a m e t e r  m u s t  b e  c a l c u l a t e d  s o m e w h a t  d i f f e r e n t l y .  

C u r r e n t s  a r e  b r o k e n  i n t o  t w o  t y p e s .  B a t t e r y  a n d  l o a d  c u r r e n t s  
h a v e  a  max imum v a l u e  o f  102 .3  amps w h i l e  t h e  b r a n c h  c u r r e n t s  h a v e  a  
maximum o f  1 0 . 2 3  amps. Hence, f u l l  s c a l e ,  i . e .  S3FF h a s  t w o  d i f f e r e n t  
m e a n i n g s  d e p e n d i n g  b n  w h i c h  c u r r e n t  y o u  a r e  r e f e r r i n g  t o .  I n  t h e  f i r s t  
c a s e  t h e  r e a d i n g  c o r r e s p o n d s  t o  t h e  n u m b e r  o f  " l / l O 1 s "  o f  amps b e i n g  
m e a s u r e d ,  w h i l e  i n  t h e  s e c o n d  c a s e  t o  t h e  n u m b e r  o f  " 1 / 1 0 0 ' s "  o f  amps. 
Once  t h e  d e s i r e d  c u r r e n t  h a s  b e e n  e x p r e s s e d  i n  t h e  p r o p e r  u n i t s ,  
c o n v e r t i n g  t h e  d e c i m a l  n u m b e r  t o  h e x a d e c i m a l  r e s u l t s  i n  t h e  c o r r e c t  
p a r a m e t e r  v a l u e .  F o r  e x a m p l e :  

1. b a t t e r y  - I = 82 amps 
= 8 2 0  " 1 / 1 0 ' s  o f  a n  amp" 
= ( 3  * 2 5 6 )  + (3  * 1 6 )  + ( 4  * I )  
= SO334 



2. b r a n c h 1  = 7.2 amps 
= 7 2 0  " l / l O O 1 s  6 f  a n  amp" 

= ( 2  * 2 5 6 )  + ( 1 3  * 1 6 )  
= S o 2 0 0  

C a l c u l a t i n g  v o l t a g e s  i s  s o m e w h a t  s i m p l e r  b e c a u s e ,  w i t h  o n l y  3 
e x c e p t i o n s ,  a l l  v o l t a g e s  a r e  b a s e d  o n  a  f u l l  r a n g e  v a l u e  o f  409 .2  
v o l t s .  As w i t h  t h e  c u r r e n t  m e a s u r e m e n t s ,  m o s t  v o l t a g e  r e a d i n g s  
r e p r e s e n t s  t h e  n u m b e r  o f  " l / l O t s  o f  a  v o l t " .  However ,  i n  t h e  c a s e  o f  
t h e  t h e r m i s t e r  s i g n a l s  ( f r e z  t e m p  a n d  b a t  t e m p )  a n d  V r e f  t h e  r a v  A / D  
c o u n t  r e p r e s e n t s  t h e  n u m b T r  o f  " 1 / 1 0 0 ~ ' s  o f  a  v o l t " .  A f u l l  s c a l e  
r e a d i n g  o f  S3FF c o r r e s p o n d s  t o  1 0 2 3  ( b a s e  1 0 ) .  I f  t h i s  n u r b e r  i s  
s h i f t e d  L e f t  2  p l a c e s ,  S3FF b e c o m e s  SFFC w h i c h  c o r r e s p o n d s  t o  4 0 9 2 .  
Hence, t o  c o n v e r t  f r o r  d e c i m a l  v o l t s  t o  h e x a d e c i m a l  v o l t s ,  d i v i d e  t h e  
v o l t a g e  b y  4 a n d  c o n v e r t  t h e  r e s u l t  t o  h e x a d e c i m a l .  F o r  e x a m p l e :  

1 .  V - r e f  = 4 .092  v o l t s  
= 4 0 5 2  " 1 / 1 O D D ' s  o f  a  v o l t "  

4 0 9 2 / 4  = 1 0 2 3  
= ( 3  * 2 5 6 )  + ( 1 5  * 1 6 1  + ( 1 5  * 1)  
= bC3FF 

2. a b s  - m i n  - b a t  v o l t  = 9 5  v o l t s  - 
= 9 5 0  " l / l O 1 s  o f  a  v o l t "  

9 5 0 1 4  = 2 3 7  
= ( 1 4  * 1 6 )  + ( 1 3  * .11  
= SOOED 

B i n a r y  p e r c e n t a g e s  f o r  s t a t e  - o f  chg, e q u a l  c o u n t  a n d  s i m i l a r  
v a r i a b l e s  a r e  r e p r e s e n t e d  b y  a  8  K i t  n u m b e r  w T t h  t h e  b i n a r y  p c i n t  
l o c a t e d  1 b i t  i n  f r o m  t h e  NSB, a s  shown h e r e .  

R S B  
I 
X . X X X X X X X  

I 
b i n a r y  p o i n t  

T o  c a l c u l a t e  b i n a r y  p e r c e n t a g e s ,  u s e  t h i s  r e l a t i o n :  

b i n a r y  X = ( ( d e c i m a l  X * 1 2 8 1 / 1 0 0 )  e x p r e s s e d  i n  h e x a d e c i r a l  

F o r  e x a m p l e :  

1. max imum b i n a r y  X = ( 1 0 0 %  * 1 2 8 > / 1 0 0  
= 1 2 8  
= ( 8  * 1 6 )  
= $ 8 0  

2. s h e d  t h  = ( 2 0 %  * 1 2 8 ) / 1 0 0  
.=.- 



To  c a l c u l a t e  t h e  c o n s t a n t  u s e d  f o r  s t a t e  - o f  - c h g  u s e  t h e  f o l l o w i n g  
r e l a t i o n :  

i s c a l  - b a t  - c a p  = 5.49 * 10-10 * i s c a l  * l / b a t  - c a p  

F o r  e x a m p l e ,  i f  i s c a l  = 1/45000 a n d  b a t  - c a p  = 40 A - H  t h e n ,  

i s c a l  - b a t  c a p  = 5.49 * 10-10 * (1/(45000 * 40)) - 
= 30470 

3. A p p e n d i x  # I  - G e n e r a t i n g  S y s t e m  L o o k u p  T a b l e s  - - 

A p p e n d i x  1 c o n t a i n s  c o p i e s  o f  t h e  p r o g r a m s ,  w r i t t e n  i n  t h e  " C "  
p r o g r a m m i n g  l a n g u a g e ,  f o r  t h e  g e n e r a t i o n  o f  t a b l e s  t o  s p e e d  t h e  
c a l c u l a t i o n  o f  t h o s e  v a r i a b l e s  i n v o l v i n g  c o r r e c t i o n s  f o r  b a t t e r y  
t e m p e r a t u r e .  " C "  i s  c o m m o n l y  u s e d  i n  a c a d e m i c  c i r c l e s  a n d  i s  b e c o m i n g  
q u i t e  p o p u l a r  i n  i n d u s t r y .  I t  was u s e d  f o r  g g n e r a t i o n  o f  t h e  v a l u e s  
s i n c e  i t  i s  t h e  n o r m a l  L a n g u a g e  u s e d  h e r e  a t  MI /CEC.  The  a l g o r i t h m s  
a r e  q u i t e  s t r a i g h t - f o r w a r d  a n d  c a n  b e  e a s i l y  t r a n s l a t e d  t o  BASIC o r  
a n y  o t h e r  L a n g u a g e  o f  c h o i c e .  F o r  t h e  d e t a i l s  o f  t h e  l o o k u p  
t e c h n i q u e ,  r e f e r  t o  t h e  P s e u d o c o d e  L i s t i n g s  f o r  t h e  a p p r o p r i a t e  
t a b l e s .  T h e  f i r s t  p r o g r a m  g e n e r a t e s  t a b l e s  f o r  f l o a t  v o l t a g e ,  
e q u a l i z a t i o n  v o l t a g e  a n d  m i n i m u m  b a t t e r y  v o l t a g e ,  u h i  Le t h e  s e c o n d  
g e n e r a t e s  t h e  t a b l e  o f  v a l u e s  f o r  u s e  w i t h  t h e  c o r r e c t e d  s t a t e  o f  
c h a r g e  r o u t i n e .  N o t i c e  t h a t  t h e  p r o g r a m  o u t p u t s  e a c h  o f  t h e  t a b l e s  i n  
t w o  d i f f e r e n t  f o r m a t s ;  human r e a d a b l e  a n d  m a c h i n e  r e a d a b l e .  F o r  
e x a m p l e s  o f  t h e  o u t p u t ,  s e e  t h e  p s e u d o c o d e  L i s t i n g s  f o r  c a t c  - s y s  - v o l t s  
a n d  c o r r e c t  - s t a t  o f  c h g .  - - 



APPENDIX # I  

PROGRAM #1 - G e n e r a t e s  t a b l e s  f o r  f l o a t - V ,  e q u a l  V a n d  m i n  b a t  V .  - - - 
# i n c l u d e  <math.h> 
# i n c l u d e  < s t d i o . h >  
m a i n 0  
C 
i n t  j, i, v, t ;  
f l o a t  x; 
d o u b l e  v a l u e ,  temp;  

/ *  N O T I C E ! ! !  THE CONSTANT 2.5 FOUND I N  THE EQUATIONS B E L O W  C O K E S  F R O K  
THE FACT THAT THE VOLTAGES A R E  STORED I N  A F O R M  THAT I S  EQUAL T O  
THE NUMBER O F  TENTHS O F  VOLTS. FOR DISPLAY THIS  VALUE I S  M U L T I P L I  
BY 4, SINCE $3FF - ->  1 0 2 3  - -> 409.2 VOLTS. 

so, s t o r e d  v a l u e  = ( i n p u t  v o l t s  * 1 0 > / 4  
o r ,  s t o r e d  v a l u e  = ( i n p u t  v o l t s  * 2 .51  

p r i n t f ( " \ n \ t \ t F L O A T  VOLTAGE T A B L E \ n \ n M ) ;  
f o r ( i = O x D ; i  <= 66; i=i+l) 

i 
t e m p  = 2 5 - . 0 2 0 9 2 * ( ( 6 4 * i ) - 2 5 6 0 1 ;  
v a L u e = 2 . 4  * 5 4  * 2.5 * (1 + (.OD22 * ( 2 5 - t e m p ) ) ) ;  
t = i * 6 4 ;  
v = v a  l u e ;  
v a l u e = v a l u e  * . 4 ;  
p r i n t f ( " X 4 . 0 f  d e g  C \ t % O 2 x \ t X 0 3 x \ t X 0 4 x \ t X 4 . l f \ n " , t e m p ,  

i-QxD,t,v,va l ue1 ;  . 

1 
p r i n t f ( " \ n U 1 ;  
f o r ( i = O x D ; i  <= 66; i = i + 8 >  

C 
p r i n t f ( " . w o r d \ t W ) ;  
f o r ( j = O ; j  <= 7 ; j = j + l )  

C 
t e m p  = 2 5 - . 0 2 0 9 2 *  ( ( 6 4 *  ( j + i )  1 - 2 5 6 0 ) ;  
v a L u e = 2 . 4  * 5 4  * 2.5 * (7 + ( . 0 0 2 2  * ( 2 5 - t e r r ~ )  
v = v a  l u e ;  
p r i n t f ( " $ % 0 4 x ,  ",v); 
3 

p r i n t f ( " \ n " ) ;  
3 

p r i n t f  ( " \ l 4 " ) ;  
p r i n t f C " \ n \ t \ t E Q U A L I Z A T I O N  VOLTAGE T A B L E \ n \ n U ) ;  
f o r ( i = O x D ; i  <= 66; i=i+l> 

i 
t e m p  = 25 - .02092*  ((64*i ) - 25601 ;  
v a l u e = 2 . 5  * 5 4  * 2.5 * (1 + (.OD22 * ( 2 5 - t e m p ) ) ) ;  
t = i * 6 4 ;  
v = v a  Lue; 
v a L u e = v a l u e  * .4; 
p r i n t f ( " X 4 . 0 f  d e g  C \ t X 0 2 x \ t X 0 3 x \ t X 0 4 x \ t % 4 ~ 1 f \ n " , t e m p ,  

i-OxD,t,v,va Lue);  
3 

p r i n t f  ( " \ n W ) ;  



temp = 2 5 - . 0 2 0 9 2 * ( ( 6 4 * ( j + i ) ) - 2 5 6 0 ) ;  
vaLue=2.5 * 5 4  * 2.5 * (1 + ( - 0 0 2 2  * ( 2 5 - t e m p ) ) ) ;  
v = v a  Lue; 
p r i n t f  ("%%04x, ",v>; 
3 

p r i n t f ( " \ n M ) ;  
3 

p r i n t f ( " \ l 4 " ) ;  
p r i n t f ( " \ n \ t \ t M I N I ~ ~ M  BATTERY VOLTAGE TABLE\n \nU) ;  
f o r ( i = O x D ; i  <= 66; i = i + l )  

i 
temp = 25- .02092* ( ( 6 4 * i  1 -2560) ;  
v a L u e = l . 9  * 5 4  * 2.5 * (1 + ( .0022 * ( 2 5 - t e m p ) ) ) ;  
t = i * 6 4 ;  
v=va  Cue; 
v a t u e = v a t u e  * .4; 
p r i n t f ( " X 4 . 0 f  deg C \ t % 0 2 x \ t X 0 3 x \ t X 0 4 x \ t X 4 . l f \ n " , t e m p ,  

p r i n t f ( " . w o r d \ t " ) ;  
f o r ( j = O ; j  <= 7 ; j = j + l )  

i 
temp = 25- .02092*(  ( 6 4 * ( j + i )  1-2560);  
vaLue=1.9  * 5 4  * 2.5 * (1 + ( - 0 0 2 2  * ( 2 5 - t e m p ) ) ) ;  
v = v a  tue;  
p r i n t f  ( "$%04x,  ",v>; 
3 

p r i n t f ( " \ n " ) ;  
> 

P R O G R A M  # 2  - G e n e r a t e s  t a b l e  f o r  c o r r e c t  s t a t e  o f  chg,  - - - 
# i n c l u d e  <math.h> 
# i n c l u d e  < s t d i o . h >  
m a i n 0  
.c - 
i n t  j, it V, t; 
f L o a t  x, c o e f f ;  
d o u b l e  v a l u e ,  temp; 

p r i n t f ( " \ n \ t C O R R E C T  STATE O F  CHARGE TABLE\n \nW) ;  
f o r ( i = O x D ; i  <= 66; i = i + l )  

i 
temp = 2 5 - . 0 2 0 9 2 * ( ( 6 4 * i ) - 2 5 6 0 ) ;  



i f  ( t e m p  > 25 )  
c o e f f  = .0022; , 

e l s e  
c o e f f  = ,0075; 

v a  l u e = 2 5 6  * (1 + ( c o e f f  * ( temp-25 )  1); 
t = i * 6 4 ;  
v=va  l u e ;  
v a l u e = v a l u e / 2 . 5 6 ;  
p r i n t f ( " X 4 . 0 f  deg C\tXO2x\t%03x\tX04x\t%4.0f%%\n",te 

i-OxD,t,v,va l u e ) ;  
3 

p r i n t f  ( " \ n u ) ;  
f o r ( i = O x D ; i  <= 66; { = { + a )  

i 
p r i n t f  ( " . u o r d \ t W ) ;  
f o r ( j = O ; j  <= 7 ; j = j + l )  

C 
temp = 25- .02092* ((64* ( j + i )  1-25601;  
if ( t e m p  > 25)  

c o e f f  = ,0022; 
e  Lse 

c o e f f  = -0075 ;  
v a  Lue=256 * ( 1  + ( c o e f f  * ( temp-25 )  1 ) ;  
t = i * 6 4 ;  
v = v a  l u e ;  
p r i n t f  ( " % % 0 4 x ,  I1,v); 
3 

p r i n t f ( " \ n f l 1 ;  
1 



4. A p p e n d i x  # 2  - P s e u d o c o d e  L i s - t i n g s  - - 

The f o l l o w i n g  i s  a  t a b l e  o f  c o n t e n t s  f o r  t h e  p s e u d o c o d e  l i s t i n g s .  
N o t e  t h a t  t h e  o r d e r  o f  m o d u l e s  i s  t h e  same a s  i n  * h e  m a c h i n e  c o d e  
PRQMs. 

TABLE OF CONTENTS F O R  PSEUDOCODE L I S T I N G S  

m o d u l e  name p a g e  no.  ............................................... ............................................... 

a b s  c n v t  
a d c - h n d l r  - 
a t o  h  
b a t t T r y  - s t a t e  - o f  - c h g  
b r e a k  
b f  d i v l O  
ca-i-c - e q u a l - c o u n t  
c a l c - s y s  v o l t s  
c a l c - s t a t e  o f  c h g  
c h k  T o r  o v y t d -  
cmd-i n t y p  
c n t - F ~  pwm-ou tpu t  
c o r r e c t - s t a t e  - o f  - c h g  
d e t e r  mach s t a t e  
d i s c r T t e  a y r a y  - c n t r l  
d i s p l a y  c l r  
d i s p l a y - d i g i  t s  
d i s p l a y - e r r o r  
d i s p l a y - h n d l r  
d i  s p l a y - h u h  - 
d o  o  w a t t s  - - 
d o  p  w a t t s  - - 
d  t o  h  
dGm p-a m p  s  
d u m p - a r r a y s  
dump-soc 
d u m p - s t a t e  
dump-sw s t a t e s  
dump-t e6p  
d u m p - t o t a l  I 
d u m p ~ v o  l t  s- 
d w n l d  
f i . 1  1  
f i n d  amps 
f i n d W p e r c e n t  
f i n d - p r o d  
f i n d - t i m e  
f i nd-t  emp 
f i n d - v o l t s  
f i n d - w a t t s  
g e t b T t e  
g e t  d a t a  - 



h n y b  t o  a - - - - 
h t o  a  
h t o  d w o r d  - - 
kQy - i n t r p  
k i l l  p a s s w o r d  
l a m p - t e s t  - 
max p o u e r  t r a c k  - 
mD Z i v  
mp-mu t 
ms; h n d l r  
m s g m h n d l r  wo 
m u l T i m e t e 7  f u n c  - 
o p e n  mem 
o u t  t i m e  
ou t -amps  
o u t - c s o c  
o u t - d a t a  c h a n n e l  
o u t - e q u a T  
~ u t - ~ w m  
o u t - s o c  
o u t - v e r s i o n  
o u t - v o l t s  
o u t - u a t  t s  
put -amps 
p u t F y t  e  
p u t b y t e  n o  
p u t c h a r -  
p u t c h a r  u o  - 
p u t  c s o c  
p u t - d a t a  c t t a n n e  1  - - 
p u t  e q u a  1 
p u t - h u h  - 
p u t  o u t  o f  r a n g e  - - 
put:pwm 
p u t - r a w  c h a n n e l  
p u t - s o c -  
p u t - t  i m e  
p u t - t  emp 
p u t - v e r s i o n  
p u t - v o  l t s  
p u t - r a  t t s  
r e m - b r k p t  
r u n - t a s k  m a s t e i  
sea; kyb';? 
s e r i b l  p o r t  
s e t  b i T  - 
s e t  b r k p t  
s e t - d i g i  t 
s e t - d u t y  c y c  Le 
s e t - i n i t - s o c  
s e t - l o a d - s h e d  
s e t - l o a d - r e s t o r  
s e t - t i m  - T y b d  - 

11-22 



s e t  t i m  t e r m  
s e t I u p  G u m p  
set-upmdump k y b d  
s h e d  restor-loads - 
s h i f T  14 
signai-av 
s p  m u l t  
t e F t  ( i n i t i a l i z a t i o n )  
t e s t  s t r i n g  I 
t o g g T e  - r u n  - F i t  
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x x x x x  
X  X  
X  X  
X  X  
X X  
x x x x x  

X X X X X  X X X X X  X X X X  X  X  
X  X  X  X  X  X  X X  X X  
X  X  X  X  X  X  X X X X  
X X X X X  X X X X X  X X  X  X  
X  X  X . X  X  X  X  
X  X  X X X X X  X  X  
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p u t c h a r :  
d i s a b l e  s y s t e m  i n t e r r u p t s ;  
c a l l  p u t c h a r  wo(accum) ;  
e n a b l e  syste;; i n t e r r u p t s ;  

e n d  p u t c h a r ;  

............................................................................ 
; T h i s  r o u t i n e  p l a c e s  t h e  s t r i n g  d e f i n e d  b y  t h e  s t a r t i n g  a d d r e s s  i n  s t r i n g  p -  - 
; a n d  p l a c e  i t ,  c h a r a c t e r  b y  c h a r a c t e r  i n t o  t h e  o u t p u t  b u f f e r  b y  c a l l i n g  
; t h e  p u t c h a r  r o u t i n e  t h a t  d o e s  n o t  r e - e n a b l e  s y s t e m  i n t e r r u p t s ,  p u t c h a r  wo. - 
; T h i s  r o u t i n e  i s  u s e d  i n  t h e  s e r i a l  p o r t  h a n d l e r .  
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

P s e u d o c o d e :  

msg h n d l r  u o :  - - 
s a v e  r e g s ;  
i = 0; 
d o  u h i l e  ( s t r i n g  p t r r i 3  <> 0 )  

c a t  L p u t c h a r - w o ( s t r i n g  - - p t r C i 1 ;  
i = i + q ;  

end; 
u n s a v e  r e g s ;  

e n d  msg h n d l r  wo; - - 
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
; T h i s  r o u t i n e  i s  i d e n t i c a l  t o  t h e  above ,  e x c e p t  t h a t  i t  u s e s  p u t c h a r  i n s t e a l  
; o f  p u t c h a r  - wo a n d  i s  t o  b e  u s e d  u n d e r  n o r m a l  s t r i n g  o u t p u t  c i r c u m s t a n c e s .  
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

P s e u d o c o d e :  

msg h n d l r :  - 
s a v e  r e g s ;  
i = 0; 
d o  w h i l e  ( s t r i n g  p t r C i 3  <> 0) 

c a l l  p u t c h a r T s t r i n g  - p t r C i 3 ;  
i = i + I ;  

end; 
u n s a v e  r e g s ;  

e n d  msg - h n d l r ;  

. ........................................................................... 
;  his r o u t i n e  r e t r i e v e s  t h e  n e x t  t w o  a s c i i  c h a r a c t e r s  i n  t h e  command b u f f e r  
; c o n v e r t s  t h e m  i n t o  a  s i n g l e  h e x a d e c i m a l  v a l u e  a n d  r e t u r n  i t  v i a  t h e -  
; a c c u m u l a t o r .  S h o u l d  e i t h e r  o f  t h e  c h a r a c t e r s  b e  s o m e t h i n g  o t h e r  t h a n  
; 0 - 9 ,  a - f  o r  A-F; t h e  a s c i i  h e x  f l a g  i s  c l e a r e d .  
;***************************T***T******************************************* 

P s e u d o c o d e :  

g e t b y t e :  
s a v e  r e g s ;  
accum =-command b u f f e r E c r n d  i n  p t r l ;  - 
cmd i n  - p t r  = cma i n  p t r  + 7 ;  - - 
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c a l l  a  t o  h ( a c c u m ) ;  
i f  (acTum-<> S F F )  

t h e n  do; 
t e m p  = accum << 4; 
a c c u m  = command b u f f e r f c m d  i n  p t r 3 ;  
cmd i n  p t r  = cm7 i n  p t r  + ? ; -  
c a l T  a - t o  h(accuT1;-  
if (accum-<> SFF)  

t h e n  do; 
a c c u m  = accum + temp;  
a s c i i  - h e x  - f l a g  = 1; 

end;  
e l s e  a s c i i - h e x  - f l a g  = 0; 

end; 
e l s e  a s c i i  - h e x  - f l a g  = 0; ~ @ ~ ~ i ~ j ? i f a ,  !mi; lr: t lc 

u n s a v e  r e g s ;  
e n d  g e t b y t e ;  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
; T h i s  r o u t i n e  r e t r i e v e s  t h e  n e x t  t w o  a s c i i  c h a r a c t e r s  i n  m u l t i m e t e r  d a t  
; c o n v e r t s  t h e m  i n t o  a  s i n g l e  h e x a d e c i m a l  v a t u e  a n d  r e t u r n  i t  v i a  th; 
; a c c u m u l a t o r ,  S h o u l d  e i t h e r  o f  t h e  c h a r a c t e r s  b e  s o m e t h i n g  o t h e r  t h a n  
; 0-9, a - f  o r  A - F ;  t h e  a s c i i  h e x  f l a g  i s  c l e a r e d .  I n  t h i s  way i t  i s  a l m  - 
; i d e n t i c a l  t o  t h e  p r e v i o u s  r o u t i n e ,  e x c e p t  f o r  t h e  l o c a t i o n  t h a t  t h e  
; d a t a  i s  r e t r i e v e d  f r o m .  T h i s  r o u t i n e  i s  u s e d  b y  m u l t i m e t e r  f u n c .  
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

P s e u d o c o d e :  

g e t  d a t a :  - 
s a v e  r e g s ;  
a c c u m  = m u l t i m e t e r  d a t a ;  
c a l l  a t o  h(accurn); 
i f  (accum-<> SFF)  

t h e n  do; 
t e m p  = accum << 4; 
accum = m u l t i m e t e r  d a t a  + 1; 
c a l l  a  - t o  - h ( a c c u m ) r  
i f  ( a c c u m  <> SFF)  

t h e n  do; 
a c c u m  = a c c u m  + temp;  
a s c i i  - h e x  f l a g  = 1; - 

' end;  
e l s e  a s c i i  - h e x  f l a g  = 0; - 

end;  
e l s e  a s c i i - h e x  - f l a g  = 0; 

u n s a v e  r e g s ;  
e n d  g e t  - d a t a ;  

;***********************************************************************i 

; T h i s  r o u t i n e  t a k e s  t h e  h e x a d e c i m a l  v a l u e  i n  t h e  a c c u m u l a t o r ,  c o n v e r t s  
; i t  i n t o  t w o  a s c i i  c h a r a c t e r s  a n d  p l a c e s  t h e m  i n t o  t h e  o u t p u t  b u f f e r .  
; T h i s  r o u t i n e  a s s u m e s  t h a t  t h e  s y s t e m  i n t e r r u p t s  a r e  t o  r e m a i n  d i s a b l e d ,  
; s o  t h a t  i t  u s e s  p u t c h a r  u o  i n s t e a d  o f  p u t c h a r .  
........................................................................... 
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P s e u d o c o d e :  

- 
c a l l  h  t o  a ( a c c u m ) ;  
c a l l  p G t c x a r  w o ( a s c i i  c h a r s + l ) ;  
c a l l  putchar-wo(ascii-chars); - - 

e n d  p u t b y t e  - wo; 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
; T h i s  r o u t i n e  t a k e s  t h e  h e x a d e c i m a l  v a l u e  i n  t h e  a c c u m u l a t o r ,  c o n v e r t s  
; i t  i n t o  t w o  a s c i i  c h a r a c t e r s  a n d  p l a c e s  t h e m  i n t o  t h e  o u t p u t  b u f f e r .  
; T h i s  r o u t i n e  w a n t s  t o  t u r n  o f f  t h e  s y s t e m  i n t e r r u p t s  s o  t h a t  t h e  s e r i a l  p o  
; h a n d l e r  c a n n o t  i n t e r f e r e  s o  i t  u s e s ' p u t c h a r  i n s t e a d  o f  p u t c h a r  wo, 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

P s e u d o c o d e :  

p u t b y t  e: 
c a l l  h  t o  a ( a c c u m ) ;  
c a l l  p L t c ? ; a r ( a s c i i  c h a r s + l > ;  
c a l l  p u t c h a r ( a s c i i - c h a r s ) ;  - 

e n d  p u t b y t e ;  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
; T h i s  r o u t i n e  c o n v e r t s  t h e  a s c i i  c h a r a c t e r  c o n t a i n e d  i n  t h e  a c c u m u l a t o r  t o  
; t h e  c o r r e s p o n d i n g  h e x  v a l u e  w h i c h  i s  r e t u r n e d  i n  t h e  a c c u m u l a t o r .  I f  t h e  
; c h a r a c t e r  i s  s o m e t h i n g  o t h e r  t h a n  0-9, a - f  o r  A-F; SFF i s  r e t u r n e d  i n s t e a d  
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

P s e u d o c o d e :  

a  t o  h :  - - 
s a v e  r e g s ;  
i f  ( a c c u m  >=  $ 3 0 )  

t h e n  do; 
i f  ( a c c u m  <= $ 3 9 )  

t h e n  accum = accum - $30; 
e l s e  do; 

a c c u m  = accum AND $ D F ;  I *  f o r c e  t o  u p p e r  c a s e  * I  
i f  ( ( a c c u m  >= 5 4 1 )  AND (accum <= $ 4 6 )  ) 

t h e n  accum = accum - $37; 
e l s e  accum = $FF; 

> end; 
end; 
e l s e  a c c u m  = SFF; 

u n s a v e  r e g s ;  
e n d  a  t o  h; - - 

............................................................................ 
; T h i s  r o u t i n e  c o n v e r t s  t h e  h e x a d e c i m a l  v a l u e  c o n t a i n e d  i n  t h e  a c c u m u l a t o r  
; i n t o  t w o  a s c i i  c h a r a c t e r s  f o r  t r a n s m i s s i o n .  T h e  t w o  c h a r a c t e r s  a r e  s t o r e d  
; i n  t h e  w o r d  v a l u e ,  a s c i i  c h a r s  
............................................................................. 

P s e u d o c o d e :  
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h  t o  a: - - 
s a v e  r e g s ;  
t e m p  = accum; 
c a l l  - h - n y b  t o  a (accum1;  
L s b y t e  o f  a F c i T  c h a r s  = accum; 
c a l l  - h  - n y b  t o  ;(temp >>  4) ;  
m s b y t e  o f  a Y c i T  c h a r s  = accum; - 
u n s a v e  r e g ;  

e n d  h t o  a; - - 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
; T h i s  c a p t i v e  s u b r o u t i n e  c o n v e r t s  t h e  Lower  n y b b l e  o f  t h e  a c c u m u l a t o r  
; i n t o  t h e  c o r r e s p o n d i n g  a s c i i  c h a r a c t e r  a n d  r e t u r n s  i t  i n  t h e  a c c u r r o l a t  
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

P s e u d o c o d e :  

h  n y b  t o  a; - - - - 
accum = accum AND $OF; 
i f  ( a c c u m  < $ A >  

t h e n  accum = accum + 530 ;  
e l s e  accum = accum + $37; 

e n d  h  n y b  t o  a; - - - - 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
; T h i s  s u b r o u t i n e  s h i f t s  t h e  c o n t e n t s  o f  d e c  v a l u e  i n t o  t h e  a c c u m u l a t o r  
; 4 b i t s  a t  a  t i m e ,  a n d  c o n v e r t s  t h e  n y b b l e  F n t o  a s c i i  b y  c l e a r i n g  t h e  ur 
; n y b b l e  a n d  a d d i n g  $ 3 0 .  I t  i s  a s s u m e d  t h a t  o n l y  d e c i m a l  d i g i t s  w i l l  b e  
; i n  d e c  v a l u e .  
;*******T***************************************************************d 

P s e u d o c o d e :  

s h i f t  L 4 :  - 
s h i f t  d e c  v a l u e  << 4; 
p l a c e  4 m S b ' s  i n t o  accum; 
accum = a c c u m  AND $ O F ;  
accum = a c c u m  O R  $30; 

e n d  s h i f t  L4; - 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
; T h i s  r o u t i n e  c o n v e r t s  t h e  1 6  b i t  h e x a d e c i m a l  w o r d  c o n t a i n e d  i n  t h e  c n v t  
; i n t o  a p a c k e d  d e c i m a l  w o r d  t h a t  i s  r e t u r n e d  i n  d e c  v a l u e .  
; * **************************************************T********************  

P s e u d o c o d e :  

h t o  d  w o r d :  - - -  
s a v e  r e g s ;  
d e c  v a l u e  = 0; 
m e m z b y t e  = ( l s b y t e  o f  c n v t  - d a t a )  AND $OF 
i f  (mem b y t e  <> 0 )  

the; d e c  v a l u e  = t a b l e  l f m e m  b y t e ] ;  
mem - b y t e  = ( 7 1 s b y t e  o f  c n v T  d a t a 7  AND SF01 >> 4; - 
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i f  (mem b y t e  <> 0 )  
the: dec v a l u e  = dec v a l u e  + t a b l e  16Cmem b y t e ] ;  - 

mem b y t e  = ( m s b y t e  o f  c n v t  d a t a )  AND $ 5 ~  - 
i f  Tmem b y t e  <>O) 

t h e y  dec v a l u e  = dec v a l u e  + t a b l e  256Cmem by te ] ;  
- mem b y t e  = (?msbyte o f  c x v t  d a t a )  AND ~ F O )  >> x;. - 

i f  Tmem b y t e  <>O>  
t h e n  dec - v a l u e  = dec v a l u e  + t a b l e  4096Cmem b y t e ] ;  - - - 

unsave  regs ;  
end  h  t o  d  word; - - -  

.--------------------------------------------------------------------------- ........................................................................... 
I HEXADECIMAL TO DECIMAL CONVERSION TABLES .--------------------------------------------------------------------------- ........................................................................... 
I 

t a b l e  1 :  - 
. b y t e  $00, $01, $02, $03, $04, $05, $06, $07, $08 
. b y t e  $09, $10, $11, $12, $13, $14, $15 

t a b t e  16 :  - 
.word  $0000, $0016, $0032, $0048, $0064 
.word  $0080, $0096, $0112, $0128, $0144  
.wo rd  $0160, $0176, $0192, $0208, $0224 
.wo rd  $0240 

t a b l e  256:  - 
.word  $0000, $0256, $0512, $0768, $1024  
.wo rd  $1280, $1536, $1792, $2048, $2304 
,word  $2560, $2816, $3072, $3328, $3584  
.wo rd  $3840 

t a b l e  - 4096: 
. b y t e  $00,$00,$00, $96,$40,$00, $92,881,$00 
. b y t e  $88,$22,%01, $84,$63,%01, $80,$04,$02 
. b y t e  $76,$45,$02, $72,586,502, $68,$27,$03 
. b y t e  $64,$68,$03, $60,$09,$04 

; T h i s  r o u t i n e  i s  u s e d  t o  c o n v e r t  t h e  packed  d e c i m a l  b y t e  i n  t h e  a c c u m u l a t o r  
; i n t o  i t s  hex e q u i v a l e n t .  I f  e i t h e r  n y b b l e  i s  > $9, t h e  o v e r  1 0  f l a g  i s  se 
; The r e s u l t  i s  r e t u r n e d  v i a  t h e  a c c u m u l a t o r .  To a c c o m p l i s h  tx is ;  t h e  most  
; s i g n i f i c a n t  n y b b l e  i s  m u l t i p l i e d  by  1 0  and  added t o  t h e  l e a s t  s i g n i f i c a n t  
; n y b b l e .  
8 

I S i n c e  10X = (2  + 8)X = 2X + 8X, i t  f o l l o w s  t h a t :  
I 10X = ~ X c s h i f t e d  l e f t  by  1) + X ( s h i f t e d  L e f t  by  3 )  
I t r i c k :  1 0  * X = ( 8  * X I  + ( 2  * X )  

Pseudocode:  

d  t o  h: - - 
save  regs ;  
temp1 = accum; 
o v e r  1 0  f l a g  = 0; - - 
accum = accum AND SFO; 
i f  (accum < $A01 

t h e n  do; 
t emp2  = (accum >> 1 )  + (accum >> 3); 



Feb 1 7  12:17 1 9 8 4  /u / tam/so lar /PSEUDOCODE Page 1 0  

d i s p l a y  - d i g i t s :  
s a v e  r e g s ;  
d s p l y  p o r t  = # d s p l y  c l k  o f f  OR d s p l y  s e l  dsb; 
d s p l y - p o r t  - = d s p t y   port-^^^ # d s p l y  s e t  exb; - - - 
d o i = D t o 4  

temp = d i g i t s C i 3 ;  
do  j = O t o 7  

i f  ( d i g i t s t i 3  AND # $ D l )  
t h e n  d s p l y  p o r t  = d s p l y  p o r t  O R  # s e n d  1 b i t ;  
e l s e  d s p t y - p o r t  = d s p ~ ~ - ~ o r t  AND # s e n 2  b i t ;  - - - 

d i g i t s t i 3  = d i g i t s ~ i l  >> 1; 
d s p l y  p o r t  = d s p l y - p o r t  O R  # d s p t y  c t k  on; 
d s p l y - p o r t  - = d s p l y  p o r t  A N D  #dsp t ' j ;  c t F  o f f ;  - - - 

end; 
d i g i t s t i 3  = temp; 

end; 
d s p t y  p o r t  = d s p L y  p o r t  O R  # d s ~ l y  s e l  dsb; 
i - o  - f T a g s  = i - o - f T a g s  A N D  # l c d  dspty-dun;  - - 
u n s a v e  r e g s ;  

e n d  d i s p l a y  - d i g i t s ;  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
; T h i s  r o u t i n e  w i l l  s e t  u p  t h e  a r r a y  d i s p l a y  w o r d  w i t h  " b l a n k i n g "  i n f o r m i  
; i n  a l l  d i g i t s ,  a n d  t h e n  c a l l  d i s p l a y  h n d t r 7 )  i n  o r d e r  t o  c l e a r  t h e  LCD - 
; d i s p l a y .  
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Pseudocode:  

d i s p l a y  - c l r :  
s a v e  r e g s ;  
d i s p l a y  w o r d t 4 3  = 0; 
d i s p t a y - w o r d t 3 3  = #$80;  
d i  s p t  ay -word I23  = #%80; 
d i s p l a y - u o r d I 7 3  = #$80;  
d i s p t  a y - w o r d ~ 0 3  = #$80; 
c a l l .  d i s p l a y  - h n d l r ;  
u n s a v e  r e g s ;  

e n d  d i s p l a y  - c l r ;  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
; T h i s  r o u t i n e ,  c a l l e d  f r o m  t h e  t e r m i n a l ,  a l l o w s  t h e  u s e r  t o  s e t  one d i g i t  
; o f  t h e  LCD d i s p l a y  t o  a  s p e c i f i e d  c h a r a c t e r ,  w h i t e  b l a n k i n g  t h e  r e s t  o f  
; t h e  d i s p l a y .  The a c c e s s i b l e  d i g i t s  a r e  t h e  r i g h t m o s t  4, a n d  t h e y  a r e  
; number 1 - 4  s t a r t i n g  f r o m  t h e  r i g h t .  
;**************+****************************,****************************** 

Pseudocode :  

s e t  - d i g i t :  
s a v e  r e g s ;  
i f  ( (command b u f f e r f l l  < $31 )  OR (command b u f f e r r 1 3  > S 3 4 ) )  

t h e n  c a l T  msg h n d l r ( ' I N V A L 1 D  LCD DIGIT NUMBER'); - 
e l s e  do; 
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i = command b u f f 6 r f l 3  - #$31; 
i f  ((cornman3 b u f f e r C 2 3  < $30)  O R  ( (command b u f f e r 1 2 3  > $ 3 9 )  - 

AND ?command b u f f e r C 2 3  < $41)  O R  
(com'i;;and b u f f e r C 2 3  > $ 4 6 ) )  

t h e n  c a l l  msg - h n d L r ( T ~ ~ ~ ~ ~  OUT O F  RANGEv); 
e L s e  do; 

j = command b u f f e r C 2 3  - #$30; 
i f (  j > $09)-  

t h e n  j = j - #$07; 
m u t t i r n e t e r  f l a g  = 0; 
d o  k = 3 to 0 s t e p  -1; 

d i s p l a y  wordLk3  = #880;  
d i s p l a y - w o r d L 4 3  = 0; 
d i s p l a y - w o r d ~ i 3  = j; 
c a l l  d i s p l a y  - h n d t r ;  

end; 
end; 

end; 
u n s a v e  reg ;  

e n d  s e t  - d i g i t ;  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
T h i s  r o u t i n e  i s  a n  u n s i g n e d  m u l t i p l y  t h a t  t a k e s  t h e  t w o  1 6  b i t  words  i n  
m u t t 1  a n d  m u t t 2  a n d  p r o d u c e s  a  3 2  b i t  p r o d u c t  w h i c h  i s  r e t u r n e d ,  
s u r p r i s i n g l y  enough, i n  " p r o d u c t " .  The t e c h n i q u e  u s e d  i s  t h e  commonly 
u s e d  s h i f t  a n d  a d d  a l g o r i t h m .  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

seudocode :  

p  - m u t t :  
s a v e  r e g s ;  
p r o d u c t  = 0; C Z e r o  o u t  p r o d u c t  memory L o c a t i o n  3 
s c r a t c h  = muLt2;  C L o a d  m u l t i p l i c a n d  i n t o  t o w e r  2  b y t e s  3 

C o f  s c r a t c h  a r e a  i n  memory 3 
C Z e r o  o u t  u p p e r  t w o  b y t e s  o f  s c r a t c h  a r e a  3 

do  y  i n d e x  = 0  t o  1; - C F o r  b o t h  Lower  & u p p e r  b y t e  o f  m u l t i p l i e r  1 
a c c u m u l a t o r  = m u t t 1  + y i n d e x ;  C g e t  t h e  m u l t i p l i e r  b y t e  3 
d o  x  - i n d e x  = 8  t o  0  s t F p  -1 C F o r  e a c h  b i t  i n  t h e  b y t e  3 

accum = accum >>  1; C s h i f t  i t  r i g h t  t o  s e e  i f  b i t  3 
C i s  set.... 3 

i f  ( c a r r y  b i t  = 1) C I f  so, t h e n  ... 3 
t h e n  20; 

p r o d u c t  = p r o d u c t  + s c r a t c h ;  
C a d d  ( s h i f t e d )  m u l t i p l i c a n d  3 
( t o  p r o d u c t  3 

s c r a t c h  << 1; C I n  any  case, s h i f t  t h e  3 
end; C g o  t o  n e x t  b i t  o f  m u l t i p l i e r  3 

end; C g e t  n e x t  b y t e  o f  m u l t i p l i e r  3 
end; 
u n s a v e  r e g s ;  

e n d  mp - muLt;  

........................................................................... 

T h i s  r o u t i n e  i s  a u  u n s i g n e d  m u l t i p r e c i s i o n  d i v i s i o n  w h e r e  t h e  3 2  b i t  
d i v i d e n d  i s  s t o r e d  in, g e t  t h i s ,  d i v i d e n d ;  a n d  t h e  1 6  b i t  d i v i s o r  i s  
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; s t o r e d  i n  d i v i s o r .  The a l g o r i t h m  u s e d  was a  " b r u t e  f o r c e "  s h i f t  a n d  
; s u b t r a c t .  The  q u o t i e n t  i s -  r e t u r n e d .  ..yep, y o u  g u e s s  i t .  . . i n  q u o t i e n t .  
; As f o r  t h e  r e m a i n d e r ,  w e l l  y o u  g e t  t h e  p i c t u r e .  To s a v e  s p a c e  i n  t e r c  
; page, q u o t i e n t  a n d  r e m a i n d e r  o v e r l a y  d i v i d e n d .  
; I n  o r d e r  t o  t e s t  t o  s e e  if t h e r e  w i l l  b e  a n  o v e r f l o w ,  i . e .  i f  t h e  q u o t  
; w i l l  b e  b i g g e r  t h a n  1 6  b i t s  we c o m p a r e  t h e  d i v i s o r  w i t h  t h e  u p p e r  t u o  
; o f  t h e  d i v i d e n d .  I f  t h e  d i v i d e n d  i s  l e s s ,  t h e n  w e ' r e  OK, s i n c e  t h e  up 
; t w o  b y t e s  c a n  b e  n o  more  t h a n  3 2 7 6 8  * t h e  d i v i s o r  a n d  t h e  r e s u l t  o f  t h  
; d i v s i o n  m u s t  t h e n  b e  l e s s  t h a n  3 2 7 6 8  ( 1 6 - b i t s ,  max.). 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

P s e u d o c o d e :  

mp d i v :  - 
s a v e  r e g s ;  
i f  d i v i s o r  = 0  

t h e n  s e t  - d i v  b y  f l a g ;  - - 
e l s e  do; 

i f  ( d i v i d e n d  > SFFFF * d i v i s o r )  
t h e n  s e t  - d i v  - o v e r f l o w  - f l a g ;  
e l s e  do; 

t e m p q u o t  = 0; C z e r o  o u t  t e m p o r a r y  q u o t i e n t  a r  
t e m p d i v r  = d i v i s o r  * $10000;  

C u p p e r  t w o  b y t e s  o f  t e m p d i v r  g e t  d i v i s  
C a n d  Lower  t u o  b y t e s  g e t  0  > 

f o r  x i n d e x  = 2 t o  1 s t e p  -1  C Do t w o  b y t e s  u o r  
for b i t  - c n t r  = 8 t o  1 s t e p  -1 

C Do a  s h i f t  f o r  e a c h  b i  
t e m p q o u t  C C  1; 
t e m p d i v r  >>  1; 
t e m p d i f f  = d i v i d e n d  - t e m p d i v r ;  

i L o n g  w o r d  o p e r a t i o n  > 
i f  ( t e m p d i f f  >=  0 )  

t h e n  do; 
t e m p q u o t  = t e m p a u o t  + 1; 
d i v i d e n d  = t e m p d i f f ;  

< Rake s u b t r a c t i o n  r e a l  
end; 

end; 
end; 

q u o t i e n t  = t e m p q u o t ; i  l o a d  u p  q u o t i e n t  i n  c o r r e c t  a r  
end; 

end; 
u n s a v e  r e g s ;  

e n d  mp - d i v ;  

; T h i s  r o u t i n e  r e a d s  t h e  c o n t e n t s  o f  t h e  T i m e  o f  Day c o u n t e r s  i n  t h e  
; Am9513 t i m e r  a n d  s t o r e s  t h e  h o u r s  a n d  m i n u t e s  i n f o r m a t i o n  away i n  z e r o  
; L o c a t i o n s  " m i n u t e s "  a n d  " h o u r s "  f o r  u s e  b y  o u t  t i m e  a n d  p u t  t i m e .  
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

P s e u d o c o d e :  

f i n d  t i m e :  - 
. s a v e  r e g s ;  
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t i m e r  c s r  = #%A3; 
t i m e r - c s r  = #%19; 
i = t i m e r  d a t a ;  
i = i O R  T i m e r  - d a t a ;  
if (i = 0) 

t h e n  do; 
t i m e r  c s r  = #%A2; 
t i m e r - c s r  - = # % I A ;  

end;  
m i n u t e s  = t i m e r -  d a t a ;  
h o u r s  = t i m e r  - d a t a ;  
u n s a v e  r e g s ;  

e n d  f i n d  - t i m e ;  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
T h i s  r o u t i n e  r e a d s  t h e  c o n t e n t s  o f  t h e  z e r o - p a g e  l o c a t i o n s  " m i n u t e s "  a n d  
" h o u r s "  a n d  f o r m a t s  t h e  i n f o r m a t i o n  f o r  d i s p l a y  o n  t h e  LCD d i s p l a y .  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

s e u d o c o d e :  

u t  t i m e :  - 
s a v e  r e g s ;  
d i s p l a y  w o r d  = m i n u t e s  AND #$OF; 
d i s p l a y - u o r d t l  = ( ( m i n u t e s  AND #SF01 >>  4) ;  
d i s p l a y c u o r d + 2  = h o u r s  AND #%OF; 
d i s p l a y - u o r d t 3  = ( ( h o u r s  AND #%FO) >> 4);  
d i s p l a y - w o r d t 4  = #%02; 
c a l l  d i g p l a y  - h n d l r ;  
u n s a v e  r e g s ;  

e n d  o u t  - t i m e ;  

T h i s  r o u t i n e  l o c a t e s  t h e  " r a w  A / D  c o u n t "  f o r  a  s p e c i f i e d  c h a n n e l  a n d  
c o n v e r t s  i t  i n t o  d e c i m a l  v o l t s  a n d  f o r m a t s  t h e  v a l u e  f o r  t h e  f r o n t  p a n e l  
d i s p l a y .  

k * * * * * * * * ' * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  

~t - v o l t s :  
s a v e  r e g s ;  
mem b y t e  = g e t  d a t a ( ) ;  
i f  T a s c i i  - h e x  - ? l a g  = 1) 

t h e n  do; 
c a l l  f i n d  v o l t s ;  
i f  ( e r r o r m f l a g  = 0) 

t h e n  20; 
d e c  v a l u e  = h t o  d  w o r d ( c n v t  d a t a ) ;  - 
i f  T d e c  v a l u e - > = - l ~ 0 0 0 )  

the; do; 
accum = $03; 
c a l l  d i s p l a y - e r r o r ;  

end; 
e l s e  do; 
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d o  i n d e x  = 3 t o  0 s t e p  -1; 
c a l l  s h i f t  L4; 
d i s p l a y  - w o T d ~ i n d e x 3  = aceurn; 

end ;  
end;  

d i s p l a y  - u o r d t 4 3  = d o t  p o s i t i o n ;  / *  t h i s  i n c l u d e s  - 
s i g n  f l a g  d a t  

c a l l  d i s p l a y  - h n d t r ;  
end;  

end; 
e l s e  c a l l  d i s p l a y  huh; - 

u n s a v e  r e g ;  
e n d  o u t  - v o l t s ;  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
; T h i s  i . s  t h e  s u b r o u t i n e  w h i c h  a c t u a l l y  d o e s  t h e  l o c a t i o n  o f  t h e  " r a w  A / I  
; c o u n t "  f o r  a  s p e c i f i e d  c h a n n e l  f r o m  t h e  dump a r r a y ,  p u t  v o l t s  o r  o u t  vc 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

P s u e d o c o d e :  

f i n d  - v o l t s :  
s a v e  r e g s ;  
i f  (mem b y t e  <= $ 3 9 )  

the: do; 
i f  ((mem b y t e  = $38) O R  ( m e r  b y t e  = S 3 9 ) )  - 

t h e n c d o t  p o s i t i o n  = 3; 
e l s e  d o t - p o s i t i o n  = 1; 

mer  b y t e  = v F l t a g e  c h a n n e l s t m e r n  b y t e ) ;  - 
i f  Tmem b y t e  <> SFF> 

the; do; 
e r r o r  f l a g  = 0; 
c n v t  Z a t a  = dump a r r a y f r n e r  b y t e * 2 3 ;  - 
i f  ( T n v t  d a t a  < b> - 

t h e n  do; 
c n v t  d a t a  = 2 ' s  camp ( c n v t  - d a t a ) ;  
s i g n - f l a g  - = 1; 

end; 
e l s e  s i g n  - f l a g  = 0; / *  s i g n  f l a g  i s  i n  w s b  o f  

d o t  - p o s i t i o n  * /  
c n v t  - d a t a  = c n v t  d a t a  << 2 ;  - 

end;  
I e t s e  e r r o r  f l a g  = 1; - 

end;  
e l s e  e r r o r  f l a g  = 1; - 

u n s a v e  r e g s ;  
end f i n d  - v o l t s ;  

.------------------------------------------------------------------------. ,- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - .  
t U S E R  V O L T A G E  C H A N N N E L  L O O K U P  T A B L E  
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

v o l t a g e  c h a n n e l s :  - 
. b y t e  $00, SOC, SOD, SOE, $OF, $10, $11, $ 1 2  
. b y t e  $13, $ 1 4 ,  SFF, SFF, SFF, SFF, SFF, SFF 
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, b y t e  $15, SFf,  $FF, SFF, SFF, $FF, SFF, SFF 
. b y t e  SFF, SFF, SFF, SFF, SFF, SFF, SFF, SFF 
. b y t e  SFF, SFF, SFF, SFF, SFF, SFF, SFF, SFF 
. b y t e  SFF, SFF, SFF, SFF, SFF, SFF, SFF, SFF 
. b y t e  SFF, 516, $17, 518, $19, SIA, SFF, SFF 
. b y t e  $22, 5 2 3  

; ~ h t s  r o u t i n e  L o c a t e s  t h e  " r a w  A / D  c o u n t "  f o r  a  s p e c i f i e d  c h a n n e l  a n d  
; c o n v e r t s  i t  i n t o  d e c i m a l  ampss  a n d  f o r m a t s  t h e  v a l u e  f o r  t h e  f r o n t  p a n e l  
; d i s p l a y .  
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

P s e u d o c o d e :  

o u t  amps:  - 
s a v e  r e g s ;  
mem b y t e  = g e t  d a t a 0 ;  
i f  T a s c i i  h e x  - T l a g  = 1) 

t h e n  30; 
i f  (mem b y t e  = $ 4 0 )  

the; do; 
c n v t  d a t a  = a b s  t o t a l  c h g r  I; - - - 
d o t  p o s i t i o n  = 1; 
i f  T t o t a t  c h g r  I < 0) 

t h e n  s i g n  i l a g  = 1; 
d e c  - v a l u e  = b7  - d i v l O ( c n v t  d a t a ) ;  - 

end; 
e l s e  do; 

c a t  L f i n d  amps; 
i f  ( e r r o r - f l a g  = 0 )  

t h e n  J e c  - v a l u e  = h  t o  d  w o r d ( c n v t  d a t a ) ;  - - -  - 
end; 

i f  ( d e c  v a l u e  >=  1 0 0 0 0 )  
the; do; 

e r r o r  num = $03; 
c a t  t  2 i s p l a y  - e r r o r ;  

end ;  
e l s e  do; 

d o  i n d e x  = 3 t o  0  s t e p  -1; 
c a l l  s h i f t  L4; 
d i s p l a y  - w o ~ d ~ i n d e x l  = accum; 

, end;  
d i s p l a y  wo rdC43  = d o t  - p o s i t i o n ;  
c a t  1  d i F p l a y  - h n d l r ;  

end;  
end;  
e l s e  c a l l  d i s p l a y  - huh; 

u n s a v e  r e g ;  
e n d  o u t  amps; - 

........................................................................... 
T h i s  i s  t h e  s u b r o u t i n e  w h i c h  a c t u a l l y  d o e s  t h e  l o c a t i o n  o f  t h e  " r a w  A I D  
c o u n t "  f o r  a  s p e c i f i e d  c h a n n e l  f r o m  t h e  dump a r r a y ,  pu t -amps  o r  o u t  amps. 
*********************************************7**********************T****** 
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P s e u d o c o d e :  

f i n d  amps: - 
s a v e  r e g s ;  
i f  (mem b y t e  <= $35)  

the; do; 
mem b y t e  = c u r r e n t  channe lsCmern  b y t e ] ;  
i f  Tmem b y t e  <> S F ~ )  

- 
the; do; 

if ((mem b y t e  <= S 1 0 )  AND (mem b y t e  <>  0 )  - 
t h e n - d ~ t - ~ o s i  t i o n  = 2; 
e l s e  d o t  p o s i t i o n  = 1; 

e r r o r  f l a g  =-0; 
c n v t  J a t a  = dump a r r a y C m e v  b y t e * 2 3 ;  - 
if ( c n v t  d a t a  < 5 )  

t hen-do; 
c n v t  - d a t a  = 2 ' s  c o m p ( c n v t  d a t a ) ;  
s i g n  f l a g  = 1; / *  s i g n  b T t  i s  rns b i t  o - 

d o t  p c s i t i o n  * /  - 
end;  
e l s e  s i g n  f l a g  = 0; - 

end;  
e l s e  e r r o r  f l a g  = 1; - 

end; 
e l s e  e r r o r  f l a g  = 1; - 

u n s a v e  r e g s ;  
e n d  f i n d  amps; - 

c u r r e n t  c h a n n e l s :  - 
. b y t e  $01, $ 0 2 ,  $ 0 3 ,  $ 0 4 ,  $ 0 5 ,  $ 0 6 ,  $07, $08  
. b y t e  $09, SOA, $FF,  S F F ,  $ F F 8  S F F ,  S F F ,  $ F F  
. b y t e  $06, SFF ,  SFF ,  SFF ,  S F F ,  S F F ,  S F F ,  $ F F  
. b y t e  $ F F ,  S F F ,  SFF ,  SFF ,  S F F ,  S F F ,  S F F ,  $ F F  
. b y t e  S F F ,  S F F ,  S F F ,  S F F ,  S F F ,  S F F ,  S F F ,  S F F  
. b y t e  SFF ,  SFF ,  S F F ,  SFF ,  S F F ,  SFF ,  S F F ,  S F F  
. b y t e  $FF ,  $18, S l C ,  $ I D ,  S l E ,  S l F  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
; T h i s  r o u t i n e  d i s p l a y s  o r  a r r a n g e s  f o r  t h e  d i s p l a y  o f  6 d a t a  c h a n n e l s  t 
; t h e  f r o n t  p a n e l  L C D  d i s p l a y .  T h e  d a t a  c h a n n e l s  a r e :  
8 c h a n n e l  00 - s t a t e  o f  c h a r g e  
I c h a n n e l  3 6  - b a t t e r y  t e m p  
8 c h a n n e l  37  - f r e e z e r  t e m p  
8 c h a n n e l  40  - c o r r e c t e d  s t a t e  o f  c h a r g e  
8 c h a n n e l  4 1  - e q u a l i z a t i o n  c o u n t  
8 c h a n n e l  4 2  - p w m  v a l u e  
........................................................................ 

P s e u d o c o d e :  

o u t  - d a t a  c h a n n e l :  - 
s a v e  r e g s ;  
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mem b y t e  = g e t  d a t a ( ) ;  
i f  T a s c i i  h e x  - T t a g  = 1) 

t h e n  do; 
i f  (mem b y t e  = 0 )  t h e n  c a l l  o u t  soc; 

e  Lse rf (mem b y t e  = $ 4 0 )  t h e n - c a l  l o u t  csoc;  
e l s e  i f  (Gem b y t e  = $ 4 1 )  t h e n  c a l l  o u t  e q u a l ;  

e l s e  if (;em - b y t e  = $42 )  t h e n  c a t  L o u t  pwm; - 
e l s e  do; 

c a l l  f i n d  temp; 
i f  ( e r r o r m f t a g  = 0) 

t h e n  do: 
i f  ( ( d i v  b y  z e r o  = 0 )  A N D  ( d i v  o v e r f l o w )  = 0 )  - - 

t h e n  dz; 
d e c  v a l u e  = h  t o  d  w o r d ( c n v t  d a t a ) ;  - 
i f  T d e c  v a l u e - > = - l ~ 0 0 0 )  

t h e n  30; 
accum = $06; 
c a l l  d i s p l a y  e r r o r ;  - 

end; 
e l s e  do; 

d o  i n d e x  = 3 t o  0  s t e p  -1; 
c a l l  s h i f t  L4; 
d i s p l a y  - w o r d r i n d e x 3  = accum; 

end; 
d i s p l a y  wordC43 = d o t  - p o s i t i o n ;  
c a l l  d i s p l a y  - h n d l r ;  

end; 
end; 
e l s e  do; 

e r r o r  num = $06; 
c a l l  z i s p t a y  - e r r o r ;  

end; 
end; 
e l s e  c a l l  d i s p l a y  - huh; 

end; 
e l s e  c a l l  d i s p l a y  - huh; 

u n s a v e  r e g s ;  
e n d  o u t  - d a t a  - c h a n n e l ;  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
T h i s  r o u t i n e  L o c a t e s  t h e  m s b y t e  o f  s t a t e  o f  chg, c s t a t e  o f  chg, pwm v a l u e ,  - - - - 
o r  e q u a l i z a t i o n  c o u n t  ( d e p e n d i n g  o n  t h e  e n t r y  p o i n t ) ,  c o n v e r t s  i t  i n t o  a  
p e r c e n t a g e  a n d  r e t u r ' n s  t h e  v a l u e  i n  d e c  v a l u e  r e a d y  f o r  s h i f t i n g  a n d  o u t p u t  - 

S t a t e  - o f  - c h g  i s  s t o r e d :  X . X X X  X X X X  X X X X  X X X X  

i m p l i e d  b i n a r y  p o i n t  

Where t h i s  v a  t u e  r e p r e s e n t s  ( d e c i m a l  p e r c e n t ) / 1 0 0 )  * 3 2 7 6 8  

To c o n v e r t  b a c k  t o  d e c i m a l  f o r  d i s p l a y ,  we f i r s t  m u l t i p l y  b y  2 0 0  ( b a s e  1 0 )  
r e s u l t i n g  i n :  

( d e c i m a l  p e r c e n t a g e / 1 0 0 )  * 3 2 7 6 8  * 2  * 1 0 0  = ( d e c i m a l  p e r c e n t a g e )  * 6 5 5 6 6  

So, b y  t a k i n g  t h e  m s b y t e  o f  t h e  r e s u l t ,  r o u n d i n g  i t  u p  o r ' d o w n  b y  L o o k i n g  

- 11-37 
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; a t  t h e  msb o f  t h e  p r e v i o u s  b y t e ,  a n d  c o n v e r t i n g  t o  d e c i m a l  ue  have  a  V ;  

; f o r  o u t p u t .  A l t h o u g h  t h e  p s e u d o c o d e  shows t h i s  t o  b e  5 s e p a r a t e  r o u t i ~  
; i n  t h e  a s s e m b l y  code  t h e y  a r e  c o n d e n s e d  t o  j u s t  one, w i t h  4 e n t r y  p o i n .  
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Pseudocode :  

o u t ~ c s o c  : 
s a v e  r e g s ;  
m s b y t e  o f  m u l t l  = m s b y t e  o f  c s t a t e  o f  chg;  - - 
l s b y t e  o f  m u l t l  = $80; 
c a l l  - d i s p l a y  - s o c 0 ;  
u n s a v e  r e g s ;  

e n d  o u t  csoc ;  - 
ou t -soc :  

s a v e  r e g s ;  
m s b y t e  o f  m u t t 1  = m s b y t e  o f  s t a t e  o f  chg; 
l s b y t e  o f  m u t t ?  = 2 n d  m s b y t e  o f  s T a t T  o f  chg; - - 
c a l l  - d i s p l a y  - s o c 0 ;  
u n s a v e  r e g s ;  

e n d  o u t  soc; - 
o u t  equa  1: - 

s a v e  r e g s ;  
m s b y t e  o f  m u t t 1  = m s b y t e  o f  e q u a l  c o u n t ;  
l s b y t e  o f  m u t t 7  = 2nd m s b y t e  o f  e G u a l  c o u n t ;  - 
c a l l  - d i s p l a y  - s o c 0 ;  
u n s a v e  r e g s ;  

e n d  o u t  equa t; - 
out-pwm: 

s a v e  r e g s ;  
m s b y t e  o f  c n v t  d a t a  = 0; 
l s b y t e  o f  c n v t - d a t a  = pwm v a l u e  > >  2; - 
c a l l  - d i s p l a y  - pwm: 
u n s a v e  r e g s ;  

e n d  o u t  pum; - 
- d i s p l a y  s o c :  p r o c e d u r e ;  

r n G l t 2  = 200; 
c a l l  mp m u l t ;  
c n v t  d a i a  = p r o d u c t f 2 3 ;  
i f  ( ~ r o d u c t f l 3  AND b i t  7 <> 0) 

t h e n  c n v t  d a t a  = c n v t  d a t a  + 1; I *  r o u n d  u p  i f  n e c e s s a r y  * /  - - - d i s p l a y  pwm: 
d z c  v a l u e  = h t o  d  u o r d ( c n v t  d a t a ) ;  - - - 
d i s p l a y  u o r d f z l  = 0; 
d i s p l a y - u o r d t 3 3  = $80; 
c a l l  s h r f t  L4; 
c a l l  s h i f t - ~ 4 ;  - 
i f  (accum = $ 3 0 )  

t h e n  d i s p l a y  w o r d 1 2 3  = $80; 
e l s e  d i s p l a y - w o r d ~ 2 3  - = accum; 

c a l l  s h i f t  L1; 
d i s p l a y  - woTd113 = accum; 
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c a l l  s h i f t  L4; 
d i s p l a y  w o y d ~ 0 3  = accum; 
c a l l  d i s p l a y  h n d l r ;  

e n d  - d i s p l a y  - sac; 

T h i 3  r o u t i n e  c a l l s  t h e  p r o p e r  r o u t i n e s  t o  r e t r i e v e  t h e  c h a n n e l  c u r r e n t  
a n d - v o l t a g e ,  m u l t i p l y  t h e m  a n d  p l a c e s  t h e  r e s u l t  t o  t h e  s e r i a l  o u t p u t  
b u f f e r .  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

s e u d o c o d e :  

u t  w a t t s :  - 
s a v e  r e g s ;  
c a l l  d o  p  w a t t s ;  - - 
i f  ( e r r o r  - f l a g  = 0 )  

t h e n  do;  
i f  ( d o t  p o s i t i o n  AND $ 8 0  <> 0 )  

the: c a l l  p u t c h a r ( ' - ' ) ;  
c a l l  p u t c h a r ( m s b y t e  o f  d e c  - v a l u e  + $30); 
c a l l  s h i f t  L4; 
c a l l  p u t c h a r ( a c c u m ) ;  
c a l l  s h i f t  L4; 
c a l l  p u t c h a r ( a c c u m ) ;  
c a l l  s h i f t  L4; 
c a l l  p u t c h a r ( a c c u m ) ;  
c a l l  s h i f t  14;  
c a l l  p ~ t c h a r ( a c c u m ) ;  
c a l l  msg - h n d l r  ( ~ W A T T S ~ ) ;  

end; 
e l s e  c a l l  msg - h n d l r ( ' 1 N V A L I D  CHANNEL O R  DATA') ;  

u n s a v e  r e g s ;  
e n d  p u t  - w a t t s ;  

T h i s  r o u t i n e  c a l l s  t h e  p r o p e r  r o u t i n e s  t o  r e t r i e v e  t h e  c h a n n e l  c u r r e n t  
a n d  v o l t a g e ,  m u l t i p l y  t h e m  a n d  s e t s  u p  t h e  r e s u l t  f o r  t h e  f r o n t  p a n e l  
LCD d i s p l a y .  N o t i c e  t h a t  t h e  maximum p o w e r  t h a t  c a n  b e  d i s p l a y e d  i s  
19999  w a t t s .  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

s e u d o c o d e :  

s a v e  r e g s ;  
c a l l  d o  o  w a t t s ;  - - 
if ( e r r o r  f l a g  = 0 )  

t h e n  70; 
if ( d e c  v a l u e  >= 2 0 0 0 0 )  

the; do; 
e r r o r  num = $03; 
c a l l  T i s p l a y  - e r r o r ;  

end;  
e l s e  do; 

d o  i n d e x  = 3  t o  0  s t e p  -1;  
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c a l l  s h i f t  L4; 
* d i s p l a y  w o r d f i n d e x 1  = accum; - 

end; 
if ( m s b y t e  o f  d e c  v a l u e  = 1)  

t h e n  d i s p l a y  L o r d t 4 3  = d o t  p o s i t i o n  O R  s C O ;  
e l s e  d i s p l a y - w o r d l 4 3  = d o t - p o s i  t i o n ;  - 

c a l l  d i s p l a y  - h n d T r 0 ;  
end;  

end;  
e l s e  c a l l  d i s p l a y  huh; - 

u n s a v e  r e g s ;  
e n d  o u t - w a t t s ;  

- * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *+** * * *  
; T h i s  r o u t i n e  d o e s  t h e  a c t u a l  r e t r i e v i n g ,  m u l t i p l y i n g  a n d  c o n v e r s i o n  t c  
; " d i s p l a y a b l e  w a t t s "  f o r  o u t  u a t t s  a n d  p u t  w a t t s .  
;****************************~*************T**************************** 

P s e u d o c o d e :  

f i n d  w a t t s :  - 
s a v e  r e g s ;  
s i g n  f l a g  = 0; 
i f  (;em b y t e  <= 1 0 )  

t hen-do; 
s a v e - w a t t - c h  num = mem b y t e ;  
merr! - b y t e  = 0; / *  T h i s  f o r c e s  b a t t e r y  V t o  b e  u s e d  f - 

t h e  c a l c u l a t i o n  * /  
c a l l  f i n d  - v o l t s ;  
mem-byte = s a v e  - u a t t  c h  num; - - 

end; 
e l s e  c a l l  f i n d  v o l t s ;  

i f  ( e r r o r  f l a g  = 0 7  
t h e n  30; 

v o l t  s i g n  = d o t  p o s i t i o n ;  / *  g e t  v o l t  s i g n  * /  
m u t t 7  = c n v t  d a t a ;  
c a l l  f i n d  amps; 
i f  ( e r r o r - f l a g  = 0) 

t h e n  20; 
d o t  - p o s i t i o n  = ( d o t  - p o s i t i o n  X O R  v o l t  s i g n )  A K D  ! 

/ *  i n c l u d e - a m p  s i g n  * ,  
m u l t 2  = c n v t  d a t a ;  
c a t 1  mp mutt: 
d i v i d e n a  = p r o d u c t ;  
i f  ((mem b y t e  >= 31) O R  (mem b y t e  = 0 ) )  - 

t h e n - d i v i s o r  = 1 0 0 ;  
e l s e  d i v i s o r  = 1000;  

c a l l  mp d i v ;  
c n v t  d a T a  = q u o t i e n t ;  
d e c  - F a l u e  = h  - t o  - -  d w o r d ( c n v t  d a t a )  - 

end; 
end;  

u n s a v e  r e g s ;  
e n d  f i n d  - w a t t s ;  
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; T h i s  r o u t i n e  r e t r i e v e s  t h e  c h a n n e l  number ,  t e s t s  t o  s e e  t h a t  i t  i s  
; a c c e p t a b l e  a n d  c a l l s  f i n d  w a t t s  i f  i t  i s .  O t h e r w i s e  i t  s e t s  t h e  e r r o r  f l a !  
; B o t h  f i n d  - amps a n d  f i n d  v z l t s  t e s t  f o r  c h a n n e l s ,  b u t  t h e r e  a r e  c o u p l e  E t h e l  
; c h a n n e l s ,  s u c h  a s  c h a n n e l  3 8  t h a t  a r e  n o t  m e a n i n g f u l  i n  t h i s  c o n t e x t .  Hen ,  
; t h e  d o u b l e - c h e c k .  N o t i c e ,  t h a t  a l t h o u g h  t h e  p s e u d o c o d e  i m p l i e s  t h a t  t h e r e  
; 3 r o u t i n e s ,  t h e y  a r e  a c t u a l l y  w r i t t e n  a s  o n e  r o u t i n e  w i t h  2 e n t r y  p o i n t s .  
............................................................................ 

P s e u d o c o d e :  

do  p w a t t s :  - - 
s a v e  r e g s ;  
cmd-ou t -p t r  = 1 ;  
mem b y t e  = g e t b y t e 0 ;  
c a t T  - d o  - w a t t s ;  
u n s a v e  r e g s ;  

e n d  d o  p  w a t t s ;  - - 
d o  o  w a t t s :  - - 

s a v e  r e g s ;  
mem b y t e  = g e t  d a t a 0 ;  
c a l T  d o  watts: 
unsav'i- r e g s ;  

e n d  d o  o  w a t t s ;  - - 
d o  w a t t s :  p r o c e d u r e ;  - - 

e r r o r  f l a g  = 0; 
i f  ( a s c i i  h e x  - f l a g  = 1) 

, t h e n  50; 
if (mem b y t e  < 3 6 )  

the; c a l l  f i n d  w a t t s ;  
e l s e  e r r o r  - f l a g  = 1; 

end; 
e l s e  e r r o r  f l a g  = 1; - 

u n s a v e  r e g s ;  
e n d  d o  - w a t t s ;  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
T h i s  r o u t i n e  r o u t e s  o r  a r r a n g e s  f o r  t h e  r o u t i n g  o f  6 d a t a  c h a n n e l s  t o  
t h e  s e r i a l  p o r t .  T h e  d a t a  c h a n n e l s  a r e :  

c h a n n e l  0 0  - s t a t e  o f  c h a r g e  
c h a n n e l  3 6  - b a t t e r y  t e m p  
c h a n n e l  37  - f r e e z e r  t e m p  
c h a n n e l  4 0  - c o r r e c t e d  s t a t e  o f  c h a r g e  
c h a n n e l  41 - e q u a l i z a t i o n  c o u n t  
c h a n n e l  42 - pwm v a l u e  

........................................................................... 

s e u d o c o d e :  

u t  d a t a  c h a n n e l :  - - 
s a v e  r e g s ;  
cmd o u t  p t r  = 1; 
mem-byte = g e t b y t e ( ) ;  
i f  T a s c i i  h e x  f l a g  = 1) - 

t h e n  do: 
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%L "' 

i f  (mem b y t e  = 0 )  t h e n  c a l l  p u t  soc;  
e l s e  Tf (mem b y t e  = $ 4 0 )  t h e n - c a l l  p u t  c s o c ;  

e l s e  if (;em b y t e  = $ 4 1 )  t h e n  c a l l  E u t  e q u a l ;  
e l s e  if (;em b y t e  = $ 4 2 )  t h e n  c a l l  o u t  pwm; - 

e l s e  c a l l  dump temp; - 
end; 
e l s e  c a l l  p u t  huh;  - 

u n s a v e  r e g s ;  
e n d  p u t  d a t a  c h a n n e l ;  - - 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
; T h i s  r o u t i n e  l o c a t e s  t h e  m s b y t e  o f  s t a t e  o f  chg, c s t a t e  o f  chg, pun-va - - - - 
; o r  e q u a l i z a t i o n  c o u n t  ( d e p e n d i n g  o n  t h e  e n t r y  p o i n t ) ,  c o n v e r t s  i t  i n t c  
; p e r c e n t a g e  a n d  r e t u r n s  t h e  v a l u e  i n  d e c  v a l u e  r e a d y  f o r  s h i f t i n g  a n d  c 
8 

- 
I S t a t e  - o f  - c h g  i s  s t o r e d :  X . X X X  X X X X  X X X X  x X X X  
8 

i m p 1  i e d  b i n a r y  p o i n t  

8 Where  t h i s  v a l u e  r e p r e s e n t s  ( d e c i m a l  p e r c e n t ) / l O O )  * 3 2 7 6 8  
8 

; To c o n v e r t  b a c k  t o  d e c i m a l  f o r  d i s p l a y ,  we f i r s t  m u l t i p l y  b y  Z O O  ( b a s e  
; r e s u l t i n g  i n :  

; ( d e c i m a t  p e r c e n t a g e l l o o )  * 3 2 7 6 8  * 2 * 1 0 0  = ( d e c i m a l  p e r c e n t a g e )  * 6 
8 

; So, b y  t a k i n g  t h e  m s b y t e  o f  t h e  r e s u l t ,  r o u n d i n g  i t  u p  o r  down b y  Look  
; a t  t h e  msb o f  t h e  p r e v i o u s  b y t e ,  a n d  c o n v e r t i n g  t o  d e c i m a l  we h a v e  a  v 
; f o r  o u t p u t .  A l t h o u g h  t h e  p s e u d o c o d e  s h o w s  t h i s  t o  b e  5 s e p a r a t e  r o u t i  
; i n  t h e  a s s e m b l y  c o d e  t h e y  a r e  c o n d e n s e d  t o  j u s t  one, w i t h  4 e n t r y  p o i n  
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

P s e u d o c o d e :  

p u t - c s o c :  
s a v e  r e g s ;  
m s b y t e  o f  m u t t 1  = m s b y t e  o f  c s t a t e  o f  chg;  
1 s b . y t e  o f  m u l t l  = 580;  

- - 
c a l l  p u t  s o c 0 ;  - 
u n s a v e  r e g s ;  

e n d  c s o c ;  - 
p u t  s o c :  - 

s a v e  r e g s ;  
m s b y t e  o f  m u l t l  = m s b y t e  o f  s t a t e  o f  chg ;  
L s b y t e  o f  m u l t l  = 2 n d  m s b y t e  o f  s T a t T  o f  chg;  
c a l l  p u t  s o c 0 ;  

- - - 
u n s a v e  r e g s ;  

e n d  soc;  - 
p u t  e q u a  1  : - 

s a v e  r e g s ;  
m s b y t e  o f  m u l t l  = m s b y t e  o f  e q u a l  c o u n t ;  
L s b y t e  o f  m u l t l  = 2nd m r b y t e  o f  e x u a l  c o u n t ;  - 

. c a l l  d i s p l a y - s o c 0 ;  - 
u n s a v e  r e g s ;  
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e n d  p u t  - e q u a l ;  

~ l t  pwm: - 
s a v e  r e g s ;  
m s b y t e  o f  c n v t  d a t a  = 0; 

- l s b y t e  o f  c n v t - d a t a  - = pwm - v a l u e  > >  2; 
-: c a l l  p u t  pwm: - - 

u n s a v e  r e g s ;  
e n d  p u t  - pwm; 

3 u t  - S O C :  p r o c e d u r e ;  
m u t t 2  = 200; 
caL 1  mp-mu1 t; 
c n v t  d a t a  = p r o d u c t C 2 3 ;  
i f  ( p r o d u c t C 1 7  AND b i t  7 <> 0 )  

t h e n  c n v t  - d a t a  = c n v t  - d a t a  + 1; / *  r o u n d  u p  i f  n e c e s s a r y  * /  
3u t  pwm: - 

dec  v a l u e  = h  t o  - d  - w o r d ( c n v t  d a t a ) ;  - 
c a l T  s h i f t  ~ 4 7  
c a l l  s h i f t - 1 4 ;  - 
i f  (accum = $ 3 0 )  t h e n  accum = $20; 
c a l l  p u t c h a r ( a c c u m ) ;  
c a l l  s h i f t  L4; 
c a l l  p u t c h a r ( a c c u m ) ;  
c a l l  s h i f t  L4; 
c a l l  p u t c h a r ( a c c ~ m ) ;  
c a l l  p u t c h a r ( ' % ' ) ;  

e n d  p u t  soc; - - 
k * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  

T h i s  r o u t i n e  l o c a t e s  t h e  " raw A / D  c o u n t "  f o r  a  s p e c i f i e d  c h a n n e l  a n d  
c o n v e r t s  i t  i n t o  d e c i m a l  v o l t s  a n d  f o r m a t s  t h e  d a t a  f o r  t h e  s e r i a l  
p o r t .  

k * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  

~t - v o l t s :  
s a v e  r e g s ;  
cmd o u t  p t r  = 1; 
mem-byte = g e t b y t e ( ) ;  
i f  T a s c i i  hex  - f l a g  = 1) 

t h e n  50; , 

Jmp - V o l t s :  
c a l l  f i n d  v o l t s ;  
i f  ( e r r o r - f l a g  = 0 )  

t h e n  To; 
d e c  v a l u e  = h  t o  d  w o r d ( c n v t  d a t a ) ;  - 
i f  T d e c  v a  tue->=-lb000) 

the; c a l l  msg - hnd l r ( 'READ1NG OUT O F  RANGE'); 
e l s e  do; 

i f  ( s i g n  f l a g  = 1) 
then-do; 

c a l l  p u t c h a r ( ' - 9 ;  
s i g n  - f l a g  = 0; 

end; 
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i f  ( d o t  p o s i t i o n  = 1) 
the; c a l l  p u t c h a r ( ' . ' ) ;  

c a l l  s h i f t  L4; 
c a t  1  p ~ t c h a r ( a c c ~ m ) ;  
c a l l  msg - h n d l r ( ' a m p s B ) ;  

end;  
end; 
e l s e  c a l l  p u t  huh; - 

end;  
e l s e  c a l l  p u t  huh; - 

u n s a v e  r e g ;  
e n d  put-amps; 

T h i s  r o u t i n e  t a k e s  t h e  r a w  c h a n n e l  n u m b e r  f r o m  t h e  command b u f f e r  a n d  
u s e s  i t  a s  a n  o f f s e t  i n t o  t h e  dump - a r r a y  a n d  o u t p u t s  t h e  c - d n t e n t s  i n  
a s c i i  f o r m a t  t o  t h e  s e r i a l  p o r t .  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

s e u d o c o d e :  

u t  r a w  c h a n n e l :  - - 
s a v e  r e g s ;  
cmd-out - p t r  = 1; 
o f f s e t  = g e t b y t e ( ) ;  
i f  ( a s c i i  h e x  - f l a g  = 0) t h e n  c a l l  p u t  huh; - 

e l s e  50; 
i f  ( o f f s e t  > $ 3 7 )  t h e n  c a l l  p u t  huh; - 

e l s e  do; 
i f  ( o f f s e t  = $ 3 7 )  t h e n  o f f s e t  = $36;  
o f f s e t  = d  t o  h ( o f f s e t 1 ;  
o f f s e t  = ( o f f s e t * 2 )  + 1; 
mem b y t e  = dump a r r a y t o f f s e t l ;  
c a l i  p ~ t b y t e ( m e m  - b y t e ) ;  
o f f s e t  = o f f s e t  - 1; 
mem b y t e  = dump a r r a y C o f f s e t 3 ;  
c a t T  putbyte(me;K - b y t e ) ;  

end;  
end;  

cmd-out - p t r  = 0; 
u n s a v e  r e g s ;  

e n d  pu t  - r a w  - c h a n n e l ;  

Thib r o u t i n e  o u t p u t s  t h e  c u r r e n t  t i m e  t o  t h e  s e r i a l  o u t p u t  p o r t .  I t  i s  
c a l l e d  b y  i t s e l f  a n d  a l s o  f r o m  dump s t a t e .  

............................................................................. 

s e u d o c o d e :  

u t  - t i m e :  
s a v e  r e g s ;  
c a l l  msg h n d l r ( ' T 1 M E : ' ) ;  
c a l l  p u t ? ; y t e ( h o u r s ) ;  
c a l l  p u t c h a r ( ' : ' ) ;  
c a l l  p u t b y t e ( m i n u t e s ) ;  
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c a l l  putchar('CR'); 
c a l l  putchar('LF9;. 

e n d  p u t  - time; 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
; T h i s  r o u t i n e  c o l l e c t s  t h e  "raw A / D  c o u n t "  f o r  t h e  s p e c i f i e d  channel, 
; c o n v e r t s  it i n t o  a  d e c i m a l  t e m p e r a t u r e ,  f o r m a t  it a n d  o u t p u t s  i t  t o  tt 
; s e r i a l  port. 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

P s e u d o c o d e :  

put-t ernp': 
s a v e  regs; 
c m d  o u t  p t r  = 1; 
mern-bytT = getbyte(); 
i f  T a s c i i  h e x  - f l a g  = 1) 

t h e n  70; 
d u m p  - temp: 

c a l l  f i n d  temp; 
i f  (error-flag = 0) 

t h e n  20; 
i f  ( d i v  b y  z e r o  = 1) - - 

t h e n  c a l l  m s g  hndLr('DIV1DE BY 0'); 
if ( d i v  o v e r f l o w  1 )  

t h e n  c a l l  m s g  hndLr('D1VIDE O V E R F L O W ~ I ;  
d e c  v a l u e  = h  t o  5 w o r d ( c n v t  data); - 
i f  T d e c  v a  lue->=-1n000) 

t h e n  c a l l  m s g  h n d L r ( ' R E A D 1 N G  O U T  O F  R A N G E 1 ) ;  - 
e l s e  do; 

i f  ( s i g n  f l a g  = 1 )  
then-call putchar('-'); 

c a l l  s h i f t  L4; 
c a l l  p u t c h a r ( a c c u m ) ;  
c a l l  s h i f t  L4; 
c a t  L putchar(accurn>; 
c a l l  s h i f t  L4; 
c a l l  p ~ t c h a r ( a c c ~ m ) ;  
c a l l  putchar('.'); 
c a l l  s h i f t  L4; 
c a t  1 p u t c h a r ( a ~ c u m ) ;  
c a l l  msg hndlr('DEG C1); - 

end; 
end; 
e l s e  c a l l  p u t  huh; - 

end; 
e l s e  c a l l  p u t  huh; - 

u n s a v e  reg; 
e n d  p u t  temp; - 

;************************************************************************ 
; T h i s  r o u t i n e  i s  w h e r e  t h e  a c t u a l  look u p  a n d  c o n v e r s i o n  t o  d e g r e e s  o f  t  
; "raw A / D  c o u n t "  i s  a c c o m p l i s h e d .  T h e  f i n a l  v a l u e  i s  a c t u a l l y  1 0 * T s  t o  
; p e r m i t  d i s p l a y  o f  t e m p e r a t u r e  t o  1 d e c i m a l  place. O n l y  c h a n n e l s  36 a n d  : 
; a r e  c o n s i d e r e d  valid. 
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............................................................................ 

Pseudocode :  

f i n d  - temp: 
s a v e  r e g s ;  
e r r o r  f l a g  = 0; 
s i g n  T l a g  = 0; 

- d o t  F o s i t i o n  = 1; 
i f  ?(mem b y t e  = $36 )  O R  (mem b y t e  = $ 3 7 ) )  - 

t hen-do; 
mem b y t e  = mem b y t e  - $16; 
c n v F  d a t a  = durnp a r r a y t m e m  b y t e ) ;  
c n v t - d a t a  = c n v t - d a t a  << 2 7  
c n v t - d a t a  = c n v t - d a t a  - 2560; 
i f  ( c n v t  d a t a  < 5) 

t hen-do; 
c n v t  d a t a  = 2 ' s  comp ( c n v t  d a t a ) ;  - 
s i g n - f l a g  - = 1; 

end; 
s t r o b e  w a t c h d o g  t i m e r ;  
c n v t - d a t a  = c n v t  d a t a  * 2092;  
c n v t  d a t a  = c n v t - d a t a  - / 10000;  
i f  ( s i g n  f l a g  = 1) 

t h e n - c n v t  - d a t a  = 2 5 0  + c n v t  d a t a ;  - 
e l s e  do; 

c n v t  d a t a  = 2 5 0  - c n v t  d a t a ;  - 
if ( c n v t  d a t a  < 0 )  

t hen-do; 
c n v t  d a t a  = 2 ' s  camp ( c n v t  d a t a ) ;  - 
s i g n - f l a g  - = 1; 

end; 
e l s e  s i g n  - f l a g  = 0; 

end; 
end; 
e l s e  e r r o r  f l a g  = 1; - 

e n d  f i n d  - temp; 

T h i s  r o u t i n e  s e t s  t h e  T i m e  o f  Day c o u n t e r s  t o  a  new v a l u e  ( i . e .  s e t s  t h e  
c l o c k ) .  U s e r  i n p u t  i s  c h e c k e d  f o r  t w o  t y p e s  o f  e r r o r s :  1) i f  a n  e n t r y  
i s  n o t  b e t w e e n  0  a n d  9; a n d  2 )  if t h e  h o u r s  v a l u e  > 2 3  o r  t h e  m i n u t e s  
v a l u e  > 59. I f  e r r o r  t y p e  1 i s  e n c o u n t e r e d ,  a n  E r 0 4  i s  s i g n a l l e d  t o  
t h e  L C D  o r  t h e  messa'ge "Bad d i g i t  v a l u e  f o r  s e t  t i m \ n "  i s  s e n t  t o  t h e  
t e r m i n a l .  I f  e r r o r  t y p e  2  i s  e n c o u n t e r e d ,  a n  ~ 7 0 5  i s  s i g n a l l e d  t o  t h e  
LCD d i s p l a y  o r  t h e  message " I n v a l i d  h o u r s / m i n u t e s  v a l u e "  i s  s e n t  t o  t h e  
t e r m i n a l .  T h i s  r o u t i n e  h a s  t w o  e n t r y  p o i n t s .  W h i c h  o n e  i s  u s e d  d e p e n d s  
u p o n  w h i c h  i n p u t  d e v i c e  g e n e r a t e d  t h e  command, t e r m i n a l  k e y b o a r d ,  o r  
f r o n t  p a n e l  k e y p a d .  A l t h o u g h  t h e  p s e u d o c o d e  i n d i c a t e s  3 r o u t i n e s ,  t h e  
a s s e m b l y  code  i s  a c t u a l l y  1 r o u t i n e  w i t h  2 e n t r y  p o i n t s .  
.......................................................................... 

eudocode :  

t - t i m  - t e r m :  
, c f  l a g  = 0; 
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s e t  t i m 1 0 ;  
e n d  x e t  - Tim - t e r m ;  

s e t  - t i m  k y b d :  - 
c f l a g  = 1; 

s e t  t i m l  0 ;  
e n d  x e t  - Tim - k y b d ;  

- s e t  t i m l  : - 
s a v e  r e g s : ;  
i = 1 + c f l a g ;  
m i n u t e s  = 0; 
h o u r s  = 0; 
k  = ( h o u r s  <<  8 )  O R  m i n u t e s ;  
d o  j = 3 t o  0 s t e p  -1; 

i f ( ( c o m m a n d  b u f f e r f i l  < $ 3 0 )  O R  (command b u f f e r C i 3  > 939)) 
t h e n  do; 

- 
i f  ( c f l a g  = 1) 

t h e n  c a l l  d i s p l a y  e r r o r ( # % 0 4 ) ;  
e l s e  c a l l  msg h n d T r ( ' D 1 ~ 1 ~  O U T  O F  RANGE1); 

g o t o  s e t  - t i m e  don:; - 
end;  
e l s e  do; 

k  = k  << 4; 
k  = k  O R  ( command b u f f e r f i l  - #530); - 
i = i + 1 ;  

end ;  
end ;  
m i n u t e s  = k AND # f F F ;  
h o u r s  = ( k  > >  8 )  AND #SFF; 
i f  ( ( h o u r s  > 23) O R  ( m i n u t e s  > 5 9 ) )  

t h e n  do; 
i f  ( c f l a g  == 1) 

t h e n  c a l l  d i s p l a y  e r r o r ( t S 0 5 ) ;  
e l s e  c a l l  msg h n d T r ( ' 1 ~ ~ ~ 1 1 ~  HOURS/PINUTES VALUE1) ;  - 

end;  
e l s e  do; 

t i m e r  c s r  = #SC3; 
t i m e r - c s r  = #S09; 
t i m e r - d a t a  = #800;  
t i m e r - d a t a  - = #SOO; 
t i m e r  c s r  = #$OA; 
t i m e r - d a t a  = #S00; 
t ' i m e r - d a t a  - = # t o o ;  
t i m e r  c s r  = # $ 4 3 ;  
t i m e r - c s r  = #SOA; 
t i m e r - d a t a  = m i n u t e s ;  
t i m e r - d a t a  = h o u r s ;  
t i m e r - c s r  = #SOF; 
i f  ( ( F i n u t e s  >= # 8 0 0 )  AND ( m i n u t e s  < #$30)) 

t h e n  do; 
t i m e r  d a t a  = #$30;  
t i m e r - d a t a  - = h o u r s ;  

end;  
e l s e  do; 

t i m e r  - d a t a  = #SOO; 
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t i m e r  - d a t a  = h o u r s  + 1; 
end;  

t i m e r  c s r  = # $ 4 3 ;  
t i m e r - c s r  = #$OA; 
t i m e r - d a t a  = #$00; 
t i m e r - d a t a  = #$00; 
t i m e r - c s r  - = #%23;  

end; 
s ~ t  t i m e  d o n e :  - - 

u n s a v e  r e g s ;  
e n d  s e t  t i m l ;  - - 

... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
T h i s  r o u t i n e  w h i c h  c a n  b e  c a l l e d  f r o m  b o t h  t h e  f r o n t  p a n e l  k e y p a d  a n d  t h e  
s e r i a l  p o r t ,  s e t s  t h e  l o a d  s h e d  t h r e s h o l d  o f  t h e  i n d i c a t e d  L o a d  t o  t h e  
l e v e l  s p e c i f i e d .  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

s e u d o c o d e :  

e t  . l o a d  s h e d :  - - 
s a v e  r e g s ;  
mern b y t e  = command b u f f e r C 1 3 ;  
t o a z  num = a  t o  h(gern b y t e ) ;  
i f  ( T t o a d  nu; <y % F F > - A N D  ( L o a d  nurn <= 5 )  AND ( l o a d  nurn <> 0)) - - 

t h e n  30; 
crnd o u t  p t r  = .2; - - 
p r c n t  = f i n d  p e r c e n t ( ) ;  
if ( a c c u m  <>-SFF)  

t h e n  s h e d  t h r e s h C 2 o a d  num-13 = m s b y t e  o f  p r c n t ;  - 
e l s e  ~ a l l - ~ u t  - huh; 

end;  
e l s e  i f  ( k y b d  cmd f l a g  = 1)  

t h e n  c a l l - d i s E l a y  huh; 
e l s e  c a l l  p u t  - huh; 

u n s a v e  r e g s ;  
e n d  s e t  - l o a d  shed ;  - 

.... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
T h i s  r o u t i n e  w h i c h  c a n  b e  c a l l e d  f r o m  b o t h  t h e  f r o n t  p a n e l  k e y p a d  a n d  t h e  
s e r i a l  p o r t ,  s e t s  t h e  l o a d  r e s t o r a t i o n  t h r e s h o l d  o f  t h e  i n d i c a t e d  l o a d  t o  
t h e  l e v e l  s p e c i f i e d .  

s e u d o c o d e :  

~t l o a d  r e s t o r :  - - 
s a v e  r e g s ;  
mem b y t e  = command b u f f e r f l l ;  
l o a a  nurn = a  t o  h G e m  b y t e ) ;  
i f  ( T t o a d  n u m  <y $ F F ) - A N D  ( l o a d  num <= 5 )  AND ( l o a d  nurn <> 0)) - - 

t h e n  30; 
cmd o u t  p t r  = 2; - - 
p r c n t  = f i n d  p e r c e n t ( ) ;  
i f  ( a c c u m  <>-SFF) 

t h e n  r e s t o r  t h r e s h f l o a d  num-13 = m s b y t e  o f  p r c n t ;  - - 
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e l s e  c a l l  p u t  - huh; 
end; 
e l s e  if ( k y b d  crnd f l a g  = 1) 

t h e n  c a l l - d i s p l a y  huh; 
e l s e  c a l l  p u t  - huh: 

u n s a v e  r e g s ;  
e n d  s e t - l o a d - r e s t o r ;  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
; T h i s  r o u t i n e  w h i c h  c a n  b e  c a l l e d  f r o m  b o t h  t h e  f r o n t  p a n e l  k e y p a d  a n d  t h  
; s e r i a l  p o r t ,  s e t s  t h e  i n i t i a l  b a t t e r y  s t a t e  o f  c h a r g e  t o  t h e  L e v e l  s p e c  
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

P s e u d o c o d e :  

s e t  - i n i t - s o c :  
s a v e  r e g s ;  
crnd o u t  p t r  = 1; - 
p r c n t  = f i n d  p e r c e n t ( > ;  

i f  ( a c c u m  <> S F F )  
t h e n  do; 

2  m s b y t e ' s  o f  s t a t e  o f  c h g  = p r c n t ;  
3 L s b y t e ' s  o f  s t a t e m o f - c h g  - - = 0; 

end;  
e l s e  if ( k y b d  crnd f l a g  = 1) 

t h e n  c a l l - d i s p l a y  huh;  
e l s e  c a l  t  p u t  - huh; 

u n s a v e  r e g s ;  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
; T h i s  r o u t i n e  i s  u s e d  b y  t h e  p e r v i o u s  3  r o u t i n e s  t o  c o n v e r t  t h e  3 c h a r a c l  
; i n  t h e  command b u f f e r  s t a r t i n g  w i t h  t h e  p o s i t i o n  p o i n t e d  t o  b y  cmd - i n  - p i  
; i n t o  t h e  f r a c t i o n  c o r r e s p o n d i n g  t o  t h e  p e r c e n t a g e  o f  s t a t e  o f  c h a r g e .  
; T h i s  v a l u e  i s  r e t u r n e d  i n  p e r c e n t .  F o r  e x a m p l e ,  
8 

I 1 0 0  p e r c e n t  r e s u l t s  i n  a  v a l u e  o f  XlOOO 0 0 0 0  0 0 0 0  0 0 0 0  
I 7 5  p e r c e n t  r e s u l t s  i n  a  v a l u e  o f  X O l l O  0 0 0 0  0 0 0 0  0 0 0 0  
I 5 0  p e r c e n t  r e s u l t s  i n  a  v a l u e  o f  XOlOO 0 0 0 0  0 0 0 0  0 0 0 0  
I 2 5  p e r c e n t  r e s u l t s  i n  a  v a l u e  o f  X O O l O  0 0 0 0  0 0 0 0  0 0 0 0  
I 1 p e r c e n t  r e s u l t s  i n  a  v a l u e  o f  XOOOO 0 0 0 1  0 1 0 0  0 1 1 1  
8 

; I f  t h e  3 c h a r a c t e r s  r e p r e s e n t  a  v a l u e  o v e r  1 0 0 %  o r  c o n t a i n  d i g i t s  o v e r  
; 9 ,  SFF i s  r e t u r n e d  i n  t h e  a c c u m u l a t o r .  
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

P s e u d o c o d e :  

f i n d  p e r c e n t :  - 
s a v e  r e g s ;  
t e m p  = cmd - o u t  - p t r ;  
cmd o u t  p t r  = cmd-out - p t r  + 'I; 
mem-byte = g e t b y t e ( ) ;  
i f  T a s c i i  h e x  - f l a g  = 1) 

t h e n  30: 
mem - b y t e  = d t o  h(mem b y t e - ) ;  - - - 
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QWIG~P~AL ,p$i*$x 

mem b y t e  = mem b y t e  * 2; L~ POOR QUALITY 
i f  T o v e r  10 f laga= 0 )  

t hen-do: 
if ((mem b y t e  = 0 )  AND (command b u f f e r C t e m p 3  = $ 3 1 ) )  

t h e n - p r c n t  = p e r c e n t  t b l t ~ ~ ~ l ;  
e l s e  if ((mem b y t e  0 )  AND - 

(command b u f f e r t t e m p l  = # 3 0 )  
t h e n  p r c n t  = p e r c e n t  tb - r~rnem b y t e ] ;  - 
e l s e  a c c u m u l a t o r  = STF; 

end; 
e l s e  a c c u m u l a t o r  = SFF; 

end; 
e l s e  a c c u m u l a t o r  = SFF 

u n s a v e  r e g s ;  
e n d  f i n d  - p e r c e n t ;  

, - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  ........................................................................... 
PERCENT TABLES F O R  FIND - PERCENT 

, - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  ........................................................................... 
) e r c e n t  t b l :  - 

.word  $0000, $0147, S028F, S03D7, $051E, 

. w o r d  tOA3D, $0885, SOCCC, SOE14, $OF5C, 

.wo rd  $147A, $15C2, f170A, 51851,  51999, 

.wo rd  $1EB8, $2000, 52147, $228F, 523D7, 

. w o r d  S28F5, $2A3D, $2885, $2CCC, S2E14, 

. w o r d  $3333, S347A, 535C2, $370A, 53851, 

. w o r d  S3D70, S3EB8, $4000, $4147, $428F, 

. w o r d  $47AE, S48F5, $4A3D, $4885, $4CCC, 

. w o r d  $51EB, $5333, $547A, $55C2, S570A, 

.wo rd  95C28, 85D70, $5EB8, $6000, 56147, 

. w o r d  $6666, $67AE, $68F5, S6A3D, 56885, 

.wo rd  $70A3, $71EB, $7333, $747A, S75C2, 

.wo rd  S7AE1, S7C28, S7D70, $7EB8, $ 8 0 0 0  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
: T h i s  r o u t i n e ,  c a l l e d  e v e r y  1 0 0  msec. b y  t h e  r u n  t a s k  m a s t e r ,  p r o v i d e s  t h e  
' a b s o l u t e  v a l u e s  o f  b a t t e r y  V a n d  t o t a l  c h g r  - I for u s e  b y  t h e  max p o w e r  
I t r a c k i n g  r o u t i n e  a s  w e l l  a s  s e v e r a l  o t K e r s .  
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

~ b s  c n v t :  - .  
s a v e  r e g s ;  
i f  ( b a t t e r y  V < 0 )  

t h e n  a b z  b a t t e r y  V = - b a t t e r y  V; 
e l s e  a b s - b a t t e r y - v  = b a t t e r y  - v; 

i f  ( t o t a l  c h F r  I < 0 y  
t h e n  a b s  t o t a l  c h g r  I = - t o t a l  c h g r  I; 
e l s e  abs - to ta l - chg r - I  - - - = t o t a l  - c h g r  - y; 

u n s a v e  r e g s ;  
e n d  a b s  - c n v t ;  

............................................................................ 
: T h i s  r o u t i n e  i s  c a l l e d  t o  dump t h e  c u r r e n t  t o t a l  c h a r g e r  c u r r e n t  a s  p a r t  
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; o f  t h e  dump s t a t e  r o u t i n e .  The  p u t  t o t a l  I e n t r y  p o i n t  i s  u s e d  b y  O U  - - ; d a t a  c h a n n e T  a n d  p u t  d a t a  c h a n n e l .  
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

P s e u d o c o d e :  

d u m p - t o t a L  I: 
s a v e  r e g s ;  
c a l l  msg h n d L r ( ' T 0 T  CHGR I = ' I ;  - 

~ u t  t o t a l  I: - 
c x v t  d a t a  = a b s  t o t a l  c h g r  I; 
d e c  v a l u e  = b f  d i v 1 0 ( 7 n v t  - z a t a ) ;  
if T t o t a l  chgr-I < 0 )  

t h e n  c a l l  p u t  - c h a r ( ' - ' ) ;  
c a l l  s h i f t  L4; 
c a t  1  p u t c h a r ( a c c u m ) ;  
c a l l  s h i f t  L4; 
c a t  1  p u t c h d r ( a c t u m ) ;  
c a l l  s h i f t  L4 ;  
c a l l  p u t c h a r ( a c c u m 1 ;  
c a l l  p u t c h a r ( ' . ' )  
c a l l  s h i f t  L4;  
c a l l  p u t c h a r ( a c c u m > ;  
c a l l  msg - h n d L r ( ' a m p s t ) ;  
u n s a v e  r e g ;  

e n d  dump - t o t a l  - I; 
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
; T h i s  r o u t i n e  d o e s  a  B R U T E  F O R C E  d i v i d e  b y  1.0 ( b a s e  1 0 )  o f  t h e  n u m b e r  i 
; c n v t  d a t a  a n d  r e t u r n s  t h e  q u o t i e n t  i n  d e c  v a l u e  b e c a u s e  d u e  t o  t h i s  c l  
; a l g o r i t h m ,  i t  i s  a l s o  c o n v e r t e d  i n t o  d e c i F a l  a t  t h e  same t i m e ( ! ) .  A L L  
; o f  t h i s  i s  n e c e s s a r y  t o  c o n v e r t  t h e  c u r r e n t  i n  t h e  f o r m  x x . x x  t o  0 x x . x  
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

P s e u d o c o d e :  

b f  d i v l 0 :  - 
s a v e  r e g s ;  
d e c  v a l u e  = 0; 
d o  F h i l e  ( c n v t  d a t a  > 1 0 0 0  1; - 

c n v t  d a t a  = c n v t  d a t a  - S3E8; - 
d e c  - v a l u e  = d e c  y a l u e  + 100;  - 

end;  
d o  u h i l e  ( c n v t  d a t a  > 1 0 0  ); - 

c n v t ' d a t a  = c n v t  d a t a  - $64; 
d e c  - v a l u e  = d e c  - L a l u e  + 10; 

- end; 
d o  u h i l e  ( c n v t  d a t a  > 1 0  1; - 

c n v t  d a t a  = c n v t  d a t a  - $ A ;  
d e c  - F a l u e  = d e c  y a l u e  + 1; - 

end; 
u n s a v e  r e g s ;  

e n d  b f  - d i v  10; - 
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. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
; T h i s  r o u t i n e ,  c a l l e d  a t  s y s t e m  r e s e t ,  a n d  f r o m  t h e  s e r i a l  p o r t  f o r  t e  
; w i l l  t u r n  o n  a l l  s e g m e n t s  o f  t h e  LCD d i s p l a y ,  a l l  w a r n i n g  LED i n d i c a t  
; a n d  t h e  w a r n i n g  b u z z e r  f o r  a p e r i o d  o f  ( a b o u t )  1 s e c o n d .  A f t e r  t h e  t 
; d e l a y ,  t h e  r o u t i n e  w i l l  r e t u r n  t h e  LCD d i s p l a y ,  w a r n i n g  b u z z e r ,  a n d  
; i n d i c a t o r  LEDs t o  t h e i r  o r i g i n a l  s t a t e  b e f o r e  t h i s  r o u t i n e  was c a l l e d  
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

P s e u d o c o d e :  

l a m p - t e s t :  
s a v e  r e g s : ;  
i f  ( ( c o m p u t e  - f l a g s  AND # r u n  f l a g )  <> 0 )  - 

t h e n  do; 
d i g i t s f 4 3  = # d s p y  - s y n c  c t r l  OR #BOF; - 
d i g i t s f 3 3  = #SFF; 
d i g i t s C 2 3  = # f F F ;  
d i g i t s 1 1 3  = #$FF; 
d i g i t s f 0 3  = #%FF; 
c a l l  d i s p l a y  d i g i t s ( ) ;  
l e d  o u t  latex = s t o w  - L e d s  O R  # l e d s  on; - 
d i s a b l e - i n t e r r u p t s ;  
k y b d  w r  p o r t  = - ( c b t u m n  - n u m b e r  AND #$OF) O R  # b e l l  - on; 
e n a b T e  f n t e r r u p t s ;  
d o  i = 2 t o  0  s t e p  -1; / *  u a s t e  ' 1 s e c o n d  * /  

d o  j = 2 5 5  t o  0 s t e p  -1; 
d o  j = 2 5 5  t o  0 s t e p  -1; 
end ;  

end;  
end;  
l e d  o u t  l a t c h  = s t o w  Leds;  - 
d i s s b l e - i n t e r r u p t s ;  
i f ( a l a r m  f l a g s  < 0) 

t h e n - k y b d  w r  p o r t  = - ( c o l u m n  n u m b e r  AND #$OF) O R  #bc 
e l s e  k y b d - w r - p o r t  = ' ( co lumn-number  - A N D  # B O F ) ;  

e n a b l e  i n t e r r c p t s ;  
c a l l  d i s p l a y  - h n d l r 0 ;  

end; 
u n s a v e  r e g s ;  

e n d  l a m p  - t e s t ;  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
;  his r o u t i n e  p e r f o r m s  t h e  "HULTIMETER FUNCTION". F i v e - o f  t h e  f r o n t  p i  
; d i s p l a y  f u n c t i o n s  o p e r a t e  c o n t i n u o u s l y  l i k e  a  m u l t i m e t e r .  E a c h  t i m e  t 
; r o u t i n e  i s  c a l l e d ,  u h i c h  i s  o n c e  e v e r y  ' 100  msec , i t  r e a c t i v a t e s  t h e  c 
; f u n c t i o n  whose  s t a r t i n g  a d d r e s s  i s  s t o r e d  i n  m u l t i m e t e r  a d d r .  I f  - 
; m u l t i m e t e r  f l a g  i s  z e r o ,  t h i s  r o u t i n e  i s  s k i r t e d .  
......................................................................... 

P s e u d o c o d e :  
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m u l t i m e t e r  f u n c :  - 
s a v e  r e g s ;  
if ( m u l t i m e t e r  f l a g  = 1)  - 

t h e n  do; 
c a l l  d i s p l a y  f u n c t i o n  @ m u l t i m e t e r  a d d r ;  - - 

end;  
u n s a v e  r e g s ;  

e n d  m u l t i m e t e r  f u n c ;  - 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
; T h i s  r o u t i n e  " o p e n s "  memory  a t  t h e  i n d i c a t e d  a d d r e s s  a n d  s e n d s  t h e  
; c o n t e n t s  t o  t h e  s e r i a l  p o r t ,  S u c c e s s i v e  CR's c a u s e  t h e  n e x t  L o c a t i o n  
; b e  r e a d ,  w h i l e  ' I -" c h a r a c t e r s  w i l l  b a c k  u p  t o  t h e  p r e v i o u s  l o c a t i o n .  
; Any l o c a t i o n  c a n  b e  c h a n g e d  b y  e n t e r i n g  t h e  n e u  d a t a  a n d  h i t t i n g  e i t h c  
; a  C R  o r  a  "-". T h e  C R  w i l l  t a k e  y o u  f o r u a r d ,  w h i t e  t h e  "-" w i l l  t a k e  
; b a c k w a r d s .  
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

P s e u d o c o d e :  

o p e n  mem: - 
s a v e  r e o s ;  
cmd o u t  p t r  = 1; 
m s b y t e  cf mem a d d r  = g e t b y t e 0 ;  
if ( a s c i i  h e x - f l a g  = 0 )  

t h e n  p u T  - hu5;  
e l s e  do; 

l s b y t e  o f  rnem a d d r  = p e t b y t e 0 ;  
i f  ( a s c i i  h e x W f l a g  = 0 )  

t h e n  p';;t - h i h ;  
e l s e  do; 

c a l l  show mem; 
d o  u h i l e  ( cn t r l  - z - f l a g  = 0 ) ;  

d o  w h i l e  ( s e r i a l  cmd f l a g  = 0 )  
s t r o b e  w a t c h d o g  t T m e r ;  

end ;  
s e r i a l  cmd f l a g  = 0; - 
mem b y y e  = g e t b y t e ( ) ;  
if ( ( a s c i i  h e x  f l a g  = 0 )  A N D  ( command b u f f e r r 0 3  < >  - 

t h e n  do; 
- 

c a l l  p u t  huh; 
crnd o u t  ptr = 0; 
c o m m a n d L b u f f e r ~ 0 3  - = 0; 

end;  
e l s e  do; 

i f  (command b u f f e r C 0 3  <>0 )  
t h Q n  memrmem a d d r 3  = mem b y t e ;  - - 

i f  ( L o o k  b k u a r d  = 1 )  
t h e n  20; 

l o o k  b k u a r d  = 0; 
decr-mern a d d r ;  
c a l l  shzw  men; 
c a l l  5 s g  - h T i d t r ( 8 ~ ~ ~ ~ 8 ) ;  

end; 
e l s e  do; 

i n c r  mem a d d r ;  

~ R E C ~ ~ N G  PAGE BLANK F ~ L M E ~  
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- c a l l  show mem; - - 
end; 

end; 
end;  

end; 
end; 

c n t r l  z f l a g  = 0; - - 
u n s a v e  r e g s ;  

e n d  o p e n  mem; - 
- show mem: - 

c a l l  p u t b y t e ( m e m  a d d r + l ) ;  
c a l l  p u t b y t e ( m e m - a d d r ) ;  
c a l l  p u t c h a r ( '  IT; 
mem b y t e  = memrmem a d d r l ;  
c a l T  p u t b y t e ( m e m  - b y t e ) ;  
cmd o u t  p t r  = 0; 

e n d  - S ~ X W  - mem; 

: T h i s  r o u t i n e  i s  c a l l e d  f r o m  t h e  4 MSec i n t e r r u p t  h a n d l e r  t o  c o n t r o l  k e y b o a ~  
: s c a n n i n g .  I f  n o  k e y  i s  p r e s s e d ,  r e s e t  t h e  d e b o u n c e  c o u n t e r  a n d  s k i p  t o  t h c  
: n e x t  k e y b o a r d  c o l u m n .  I f  a  k e y  i s  p r e s s e d ,  d e c r e m e n t  t h e  d e b o u n c e  c o u n t e r ,  
: a n d  i f  w e ' v e  r e a c h e d  z e r o ,  i n t e r p r e t  t h e  k e y .  A f t e r  t h e  k e y  h a s  b e e n  
: i n t e r p r e t e d ,  p a r s e  i t :  if i t ' s  a  NAK ( C o n t r o l - U )  c l e a r  t h e  cmd i n  p t r ;  
: i f  i t ' s  a  NULL (EOF), n u l l  t e r m i n a t e  t h e  command b u f f e r  a n d  s e T  t K e  
: k y b d  cmd f l a g  b i t ;  o t h e r w i s e  j u s t  s h o v e  t h e  c h a r a c t e r  i n  t h e  command b u f f e i  
: u p d a t e  t x e  cmd - i n  - p t r  ( a d j u s t  i t  f o r  o v e r f l o w  i f  n e c e s s a r y )  a n d  c o n t i n u e  
: s c a n n i n g .  
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

; can -kybd :  
s a v e  r e g s ;  
r o w  n u m b e r  = ( ' k y b d  r d  p o r t )  AND $FO; - 
i f  T r o w  n u m b e r  = 0)- 

the; c a l l  n o  k e y  p r e s s e d ;  
b o u n c e  c o u n t  = b z u n c e  c o u n t  -1; 
i f  ( b o u n c e  - c o u n t  <= 0 7  

t h e n  do; 
i f  ((i - o  - f l a g s 2  AND # k e y  p a r s e d  f l a g )  = 0 )  - - 

t ' h e n  do; 
i - o  - f l a g s 2  = i - o  - f l a g s 2  O R  # k e y  p a r s e d  f l a g ;  - - 
j = k e y  i n t r p c r o w  - n u m b e r ) ;  
i f  ( j  <-01 

t h e n  do; 
i f  ( j  = $ 8 1 )  

t h e n  c o l u m n  n u m b e r  = $01; 
c a l l  n o  - k e y  - p r e s s e d ( ) ;  

end; 
e l s e  i f  ( j  = 0)  

t h e n  do; 
command b u f f e r C c m d  i n  p t r l  = j; - - 
cmd i n  Ftr = j; 
i - o - f l a g s  - = i - o  - f l a g s  O R  # k y b d  cmd f l a g ;  - - 
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'end; 
e l s e  i f  (j = $15)  

t h e n  cmd i n  p t r  = 0; - - 
e l s e  do: 

command b u f f e r c c m d  i n  p t r l  = j; 
cmd i n p t r  = cmd i x  pTr + 1; 
i f  T c m 7  i n  p t r  =-$2b) 

the; do; 
c a l l  d i s p l a y  huh; 
cmd - i n  - p t r  =-0; 

end; 
end; 

end; 
end; 

u n s a v e  r e g s ;  
e n d  s c a n  - kybd;  

n o  - k e y  - p r e s s e d :  
i - o  - f l a g s 2  = i - o  - f l a g s  AND " # k e y  - p a r s e d  - f l a g ;  
b o u n c e  c o u n t  = max b o u n c e  - c o u n t ;  
co lumn-number >> 1: 
i f  (co-rumn number  = 0 )  

t h e n  c o l u m n  number  = $08; 
i f  ( a l a r m  f l a g s - <  0 )  

t h e n  To; 
k y b d  - w r  - p o r t  = ( ( ' c o l u m n  - n u m b e r )  O R  ( $ 2 0  AND w r i t e  - p o r t  - 

O R  # b e 1  1  on; 
w r i t e  - p o r t b  = ( ( - c o l u m n  - n u m b e r )  ZR ( $ 2 0  & w r i t e  - p o r t  - b ) )  

O R  # b e l l  on; - 
end; 
e l s e  do; 

k y b d  - w r  - p o r t  = ( ( " c o l u m n  n u m b e r )  O R  ( $ 2 0  & w r i t e  p o r t  b )  
w r i t e  - p o r t b  = ( ( - c o l u m n  - ;umber) O R  ( $ 2 0  & w r i t e  - p o r t  - F)l  

u n s a v e  r e g s ;  
e n d  n o  - k e y  p r e s s e d ;  - 

........................................................................ 
; The f o l l o w i n g  r o u t i n e  i s  c a l l e d  w i t h  a  ( h o p e f u l l y )  n o n - z e r o  v a l u e  i n  t 
; a c c u m u l a t o r  w h i c h  r e p r e s e n t s  t h e  s e n s e d  k e y b o a r d  row mask ( i n  b i t s  <7- 
; T h i s  row  number  a n d  t h e  c o r r e s p o n d i n g  c o l u m n  number  a r e  mapped i n t o  a r  
; i n d e x  i n t o  a n  a r r a y  o f  A S C I I  v a l u e s .  The a p p r o p r i a t e  A S C I I  v a l u e  f o r  
; t h e  k e y  p r e s s e d  i s  r e t u r n e d  i n  t h e  a c c u m u l a t o r .  I f  a  z e r o  row mask w a  
; p r o v i d e  t o  t h i s  r o u t i n e ,  $ 8 0  i s  r e t u r n e d .  I f  t h e  c o l u m n  number  was O L  

; o f  I t s  a l l o w a b l e  r a n g e  $ 8 1  i s  r e t u r n e d .  I f  m o r e  t h a n  o n e  k e y  i s  p r e s s  
; ( r o w  mask h a s  m o r e  t h a n  o n e  b i t  s e t ) ,  t h e  " f i r s t  k e y "  ( f i r s t  b i t  s e t )  
; i s  t.he o n e  t h a t  i s  mapped t o  a n  A S C I I  v a l u e .  T h e  " # "  k e y  i s  mapped t o  
; ~ ~ ~ ' A S C I I  v a l u e  $ 0 0  s o  t h a t  i t  c a n  e a s i l y  b e  r e c o g n i z e d - - a s  t h e  EOF 
; c h a r a c t e r .  
8 

; I f  t h e  mapped A S C I I  v a l u e  i s  a  number  ( 0 - 9 )  t h e n  t h e  f r o n t  p a n e l  d i s p l  
; i s  u p d a t e d  b y  s c r o l l i n g  t h e  new d i g i t  i n  f r o m  t h e  r i g h t  ( l e a s t  s i g n i f i  
; d i g i t ) .  I f  t h e  "*" k e y  was p r e s s e d  i n d i c a t i n g  a n  o p e r a t o r  e n t r y  e r r o r  
; we g e t  r e a l  f a n c y  a n d  c l e a r  t h e  d i s p l a y .  

P s e u d o c o d e :  
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. ey  - i n t r p :  
save regs;  
if ((j = row-maptva Lue >> 43)  >= 0); / *  j = $80 * /  

t h e n  do; 
j = j + c o t  mapCcotumn number]; 
i f  ( ( j  = k e y b r d  - m a p ~ j 3 - j -  > 0); / *  j = $81 o r  j = 0  * /  

t h e n  do; 
i f  ( j  = $151 

t h e n  do; 
do i = 3 t o  0  s t e p  -1; 

d i s p l a y  wordC i3  = #880; 
d i sp lay -wo rdC43  = 0; 
c a l l  d i y p l a y  - h n d l r ;  

end; 
e l s e  i f  (cmd i n  p t r  = 0 )  - - 

t h e n  do; 
do i = 2  t o  0  s t e p  -1; 

d i s p l a y  wordCi3 = #$SO;  
m u t t i m e T e r  - f l a g  = 0; 

end; 
k  = k e y b r d  hexCy3; 
do i = 3 t< 0  s t e p  -1; 

d i s p l a y  wordC i3  = d i s p l a y  - wordCi-17;  
d i  s p l  ay-wordC03 = k; 
d i s p l a y - w o r d ~ 4 3  = 0; 
c a l l  d i s p l a y  - h n d l r ;  

end; 
end; 

end; 
end; 

unsave  regs ;  
end  key  - i n t r p ;  

........................................................................... ........................................................................... 
K E Y  I N T R P  TABLES - ........................................................................... ........................................................................... 

The f o l l o w i n g  a r r a y  p r o v i d e s  t h e  mapp ing  f o r  c o n v e r t i n g  t h e  sensed  k e y b o a r d  
row number i n t o  t h e  n e x t  L e v e l  a r r a y  i n d e x .  T h i s  a r r a y  a l s o  p e r f o r m s  t h e  
f u n c t i o n  o f  f i n d i n g  t h e  " f i r s t  s e t  b i t "  ( i n  c a s e  m u l t i p l e  k e y s  a r e  p r e s s e d )  
and  r e t u r n s  an  e r r o r  v a l u e  ($80 )  f o r  n o  key  p r e s s e d  a t  a l l .  

ow-map: 
. b y t e  $80,503,$02,$02 
. b y t e  $01,501 ,SO1 ,SO1 
. b y t e  ~00 ,500 ,$00 ,~00  
. b y t e  $00,500,$00,$00 

The f o l l o w i n g  a r r a y  p r o v i d e s  t h e  mapp ing  f o r  c o n v e r t i n g  t h e  " co lumn  scanned  
mask i n t o  an  a r r a y  i n d e x  t h a t  can  b e  added  t o  t h e  i n d e x  f r om t h e  row map 
i n  o r d e r  t o  f i n d  o u t  w h i c h  one key  has been  p r e s s e d .  F o r  i n d e x  v a l u F s  
i n t o  t h i s  a r r a y  t h a t  have none o r  more t h a n  one b i t  se t ,  a  ' l nex t -LeveL"  
i n d e x  i s  r e t u r n e d  t h a t  w i l l  map i n t o  an i n v a l i d  A S C I I  k e y  v a l u e  ( i . e .  
t h e  key  w i l l  be  $81) .  
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c o t  map: - 
. b y t e  $10,$OC,$08,$10 
. b y t e  ~04,~10,$10,$10 
. b y t e  $00,$10,$10,$10 
. b y t e  $1  0,$10,$10,$10 

I 

; T h i s  a r r a y  i s  t h e  o n e  t h a t  a c t u a l l y  p r o d u c e s  a n  A S C I I  v a l u e  c o r r e s p o n c  
; t o  t h e  k e y  p r e s s e d .  I t  a l s o  p r o d u c e s  e r r o r  i n d i c a t i o n s  f o r  m a l f o r m e d  
; c o l u m n  s c a n  v a l u e s .  
I 

k e y b r d  - map: 
. b y t e  $44,$43,$42,$41 ; "D","C","BH,"A" 

. b y t e  $1 5,$37,$34,$31 ; "*" I "7","4","lW 

. b y t e  $81,$81,$81,$81 ; Column s c a n  e r r o r  r e t u r n  
I 

; T h i s  a r r a y  i s  a n a l a g o u s  t o  t h e  o n e  a b o v e  e x c e p t  t h a t  i t  c o n t a i n s  hexac 
; v a l u e s  o f  t h e  k e y s  p r e s s e d  t o  s p e e d  u p  t h e  d i s p l a y  u p d a t e  f u n c t i o n .  : 
; h a v i n g  t o  c o n v e r t  A S C I I  b a c k  t o  HEX.  
I 

k e y b r d  - h e x :  
. b y t e  $OD,$OC,$OB,SOA 
. b y t e  $00,$09,$06,$03 
. b y t e  $00,$08,$05,$02 
. b y t e  $00,$07,$04,$01 

........................................................................ 
; T h i s  r o u t i n e  t e s t s  f o r  r c v e  a n d  x m i t  i n t e r r u p t  c o n d x  f r o m  t h e  s e r i a l  i 
; p o r t ,  s e r v i c e s  a l l  v a l i d  o n e s  a n d  a b o r t s  i f  n o n e  e x i s t .  T h i s  r o u t i n e  
; n o t  a  t r u e  s u b r o u t i n e ,  i n  t h a t ,  i t  L i e s  " i n - L i n e "  a s  p a r t  o f  t h e  o v e r ;  
; I R Q  s e r v i c e  r o u t i n e  w h i c h  a l s o  i n c l u d e s  b r e a k .  
I 

I I t  s u p p o r t s  s u c h  u s e r  a m e n i t i e s  a s :  
I 

I 1. ^H,  d e l ,  b a c k s p a c e  - d e l e t e  l a s t  c h a r a c t e r  
8 

I 2. ^ U  - " f l u s h "  command - b u f f e r  
I 

I 3.  a d d s  a  L F  w h e n e v e r  a  C R  i s  r e c e i v e d  
I 

I 4. ^Z - r e t u r n  t o  cmd - i n t r p  
I 

- 5. " - 1 1  - 
8 u s e d  t o  " b a c k u p "  when u s i n g  t h e  o p e n  memory 
I command i n  t h e  m o n i t o r  
I 

; UpeR r e c e i p t  o f  a  CR, a  L F  i s  s e n t  ou t ,  a n d  t h e  s e r i a l  Zmd f l a g  i s  s e t  - - 
; A l l  s p a c e s  a r e  d e l e t e d  a s  t h e y  a r e  i n p u t .  
I 

; The command b u f f e r  i s  assumed t o  b e  3 2  b y t e s  Long  a n d  l i n e a r ,  i . e .  t h e  
; p o i n t e r s  m u s t  b e  z e r o e d  when t h e  d a t a  h a s  b e e n  u s e d  b y  t h e  c a l l e d  f u n c  
........................................................................ 

P s e u d o c o d e :  

s e r i a l  p o r t :  - 
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s a v e  r e g s ;  
u a r t - s t a t u s  = p i a  p o r t b ;  
i f  ( u a r t  s t a t u s  AKD b i t  7 <> 0) 

t hen-do; 
c n t r l  - z - f l a g  = 0; 
c h a r  = u a r t ;  
i f  ( c h a r  < $ 2 0 )  

t h e n  do; 
i f  ( c h a r  = $ 0 8  O R  c h a r  = $7F )  

t h e n  do; 
c a l l  msg h n d l r ( ' ^ H  ^ H ' > ;  
cmd - i n  - p t r  = cmd - i n  - p t r  - 1; 

end; 
e l s e  if ( c h a r  = $ O A  O R  c h a r  = $ O D )  

t h e n  do; 
c a l l  p u t c h a r ( ' C R 1 ) ;  
c a l l  p u t c h a r ( ' L F 1 ) ;  
command b u f f e r r c m d  i n  p t r l  = 0; - - 
cmd i n  ptr = 0; 
s e r i a l - c r n d  - - f l a g  = 1; 

end; 
e l s e  do; 

c a l l  p u t c h a r ( ' ^ ' ) ;  
c h a r  = c h a r  + $ 4 0  ; make i t  p r i n t a b l e  
c a t  1  p u t c h a r ( c h a r 1 ;  
i f  ( c h a r  = $ 1 5 )  

t h e n  do; 
cmd i n  p t r  = 0; 
c a l T  p c t c h a r ( ' ~ ~ ' ) ;  
c a l l  p u t c h a r ( ' L F 1 ) ;  
c a l l  p u t c h a r ( ' * ' ) ;  

end ;  
i f  ( c h a r  = S1A) 

t h e n  do; 
c n t r l  z f l a g  = 1; - - 
c a l l  p u t c h a r ( ' C R t ) ;  
c a l l  p u t c h a r ( ' L F 1 ) ;  

end;  
end;  

end;  
e l s e  do; 

c a l l  p u t c h a r ( c h a r 1 ;  / *  e c h o  t h e  c h a r a c t e r  * /  
I command b u f f e r C c m d  i n  p t r 3  = c h a r ;  

crnd i n  ptr = crnd i T  pTr + 1; 
i f  T r n u i t i m e t e r  f i a g - =  1) 

t h e n  r n u l t i G e t e r  a d d r  = @ d i s p l a y  - d e f a u l t  - 1; 
i f  ( c h a r  = f 2 D )  t h e n  L o o k  b k w a r d  = 1; - 

end;  
end; 

i f  ( u a r t  s t a t u s  AND b i t  6 <> 0 )  
t hen-do; 

i f  ( b y t e  c o u n t  <> 0 )  
t hen-do; 

u s r t  = o u t p u t  b u f f e r r p u t  - o u t 3  
put O U ~  = putrout + 1; 
d e c T  b y t e  - c o u n t ;  
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end; 
e l s e  d i s a b l e  x m i t  i n t s ;  

end; 
u n s a v e  r e g s ;  

e n d  s e r i a l  - p o r t ;  

........................................................................ 
; T h i s  r o u t i n e  s e r v i c e s  t h e  BREAK i n s t r u c t i o n  t r a p  a n d  t h e  I R Q  i n t e r r u p  
; I t  d e t e r m i n e s  w h i c h  o f  t h e  t w o  i t  was t h a t  v e c t o r e d  t h e  CPU t o  t h i s  
; r o u t i n e .  If i t  was a  b r e a k p o i n t ,  i t  c o n t i n u e s ,  i f  a n  I R Q  o c c u r r e d  i n  
; c o n t r o l  i s  p a s s e d  t o  s e r i a l  p o r t  f o r  s e r v i c i n g .  
........................................................................ 

Pseudocode :  

b r e a k :  
i f  (B  f l a g  <> 1) t h e n  g o  t o  s e r i a l  - p o r t ;  

e i s e  do; 
x  r e g  s t o r  = c o n t e n t s  o f  X reg ;  
accum-s to r  = c o n t e n t s  o f  a c c u m u l a t o r ;  
f l a g s - s t o r  = psw p o p p e d  o f f  s t a c k ;  
y  r e g - s t o r  = c o n t e n t s  o f  Y reg ;  
p o p  " u s e l e s s "  PC o f f  s t a c k ;  
p c  s t o r  = b r k p t  a d d r ;  
s p - s t o r  = c o n t e z t s  o f  t h e  s t a c k  p o i n t e r ;  
caTL msg h n d l r  ( 'PC = ' 1 ;  
c a l l  put'l;yte ( m s b y t e  o f  p c  s t o r ) ;  
c a l l  p u t b y t e  ( L s b y t e  o f  p c - s t o r ) ;  - 
c a l l  msg h n d l r  ( '  A = '1; 
c a l l  p u t F y t e  (accum - s t o r ) ;  
c a l l  msg h n d l r  ( '  Y = '1; 
c a l l  p u t g y t e  ( y  r e g  - s t o r ) ;  
c a l l  msg h n d l r  71 X = '1; 
c a l l  p u t % y t e  ( x  r e g  - s t o r ) ;  
c a l l  msg h n d L r T 1  SP = '1; 
c a l l  p u t K y t e  ( s p  s t o r ) ;  
c a l l  msg h n d l r  (' P  = '1; 
c a l l  p u t 6 y t e  ( f l a g s  s t o r ) ;  
c a l l  msg h n d l r  ( ' c R ~ F ' ) ;  
c a t  1 rem-brkp t ;  
e n a b l e  i n t e r r u p t s ;  
g o  t o  r u n  - ' t a s k  m a s t e r ;  - 

end; 
e n d  b r e a k ;  

........................................................................ 
;   hi$ r o u t i n e  b e g i n s  e x e c u t i o n  a t  t h e  c u r r e n t  u s e r  PC l o c a t i o n  o r  a t  tl 
; l o c a t i o n  s p e c i f i e d  i n  t h e  command b u f f e r ,  i f  any .  A, X, Y, P, a n d  S i 

; a l w a y s  l o a d e d  f r o m  t h e i r  r e s p e c t i v e  s t o r a g e  L o c a t i o n s .  
........................................................................ 

Pseudocode :  

go :  
cmd o u t  p t r  = 1; 
i f  Tcommand - b u f f e r C 1 3  <> 0) 
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t h e n  do; 
m s b y t e  o f  p c  s t o r  = g e t b y t e 0 ;  
i f  ( a s c i i  h e y  - f l a g  = 0 )  

t h e n  do: 
cmd o u t  p t r  = 0; 
c a t T  p u t  huh; 
g o  t o  e n 3  go; 

end; 
L s b y t e  o f  p c  s t o r  = g e t b y t e 0 ;  
i f  ( a s c i i  h e y  - f l a g  = 0 )  

t h e n  do: 
cmd o u t  p t r  = 0; 
c a t i  p ~ T  - huh; 
g o  t o  e n d  go; 

end;  
end; 
u n s a v e  8 a d d r e s s e s  a n d  r e g s  s a v e d  b y  cmd i n t r p ;  - 
cmd o u t  p t r  = 0; 
s t a c k  p z i n t e r  = s p  s t o r ;  
X r e g  = x - reg  - stor: 
Y r e g  = y - r e g - s t o r ;  
a c c u m u l a t o r  = m s b y t e  o f  p c  - s t o r ;  
p u s h  a c c u m u l a t o r ;  
a c c u m u l a t o r  = L s b y t e  o f  p c  - s t o r ;  
p u s h  a c c u m u l a t o r ;  
a c c u m u l a t o r  = f l a g s  - s t o r ;  
p u s h  a c c u m u l a t o r ;  
a c c u m u l a t o r  = accum s t o r ;  - 
r t i  

e n d  go; 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
: T h i s  f u n c t i o n  p l a c e s  a  "BRK" o p c o d e  ( $ 0 0 )  a t  t h e  a d d r e s s  s p e c i f i e d  i n  t h e  
; command b u f f e r .  O n l y  o n e  b r e a k p o i n t  i s  s u p p o r t e d .  T h e  r e p l a c e d  o p c o d e  i s  
; s t o r e d  i n  r e p  - o p c o d e .  T h e  b r e a k p o i n t  a d d r e s s  i s  s t o r e d  i n  b r k p t  - a d d r .  
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

; e t  - b r k p t :  
s a v e  r e g s ;  
cmd o u t  p t r  = 1; 
m s b y t e  of b r k , p t  a d d r  = g e t b y t e 0 ;  
i f  ( a s c i i  h e x  f T a g  = 0 )  

t h e n  c a i l  - huh; 
e l s e  do; 

t s b y t e  o f  b r k p t  a d d r  = g e t b y t e 0 ;  
i f  ( a s c i i  h e x  f i a g  = 0 )  

t h e n  c a T ~  - huh; 
e l s e  do; 

r e p  o p c o d e  = m e n t b r k p t  - a d d r 3 ;  
m e m y b r k p t  - a d d r 3  = 0; 

end;  
end; 

u n s a v e  r e g ;  
e n d  s e t  - b r k p t ;  
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......................................................................... 
; T h i s  r o u t i n e  r e t u r n s  t h e  o p c o d e  t h a t  was r e p l a c e d  w i t h  t h e  "BRK". I t  
; b e  c a l l e d  b y  t h e  u s e r  a n d  a l s o  t h e  b r e a k  s u b r o u t i n e .  
......................................................................... 

P s e u d o c o d e :  

rem b r k p t :  - 
s a v e  r e g s ;  
m e m t b r k p t  - a d d r l  = r e p  - o p c o d e ;  
u n s a v e  r e g s ;  

e n d  rem - b r k p t :  

........................................................................ 
; T h i s  ' r o u t i n e  s e t  t h e  dump s t a t e  f l a g  t o  i n i t i a t e  dump s t a t e  f r o m  t h e  - 
; s e r i a l  p o r t  o r  t h e  f r o n t  p a n e l  r e y p a d .  
........................................................................ 

P s e u d o c o d e :  

s e t  u p  dump-kybd: 
s e t - u p I d u m p :  - 

s a v e  r e g s ;  
dump - s t a t e  - f l a g  = 1; 
u n s a v e  r e g s ;  

e n d  set-up-dump; 

........................................................................ 
; T h i s  r o u t i n e ,  c a l l e d  f r o m  t h e  f r o n t  p a n e l  keypad ,  c l e a r s  t h e  v a l i d  - p a s  
; f l a g .  
........................................................................ 

P s e u d o c o d e :  

k i  L L - p a s s w o r d :  
s a v e  r e g s ;  
v a l i d  - p a s s w o r d  = 0; 
u n s a v e  r e g s ;  

e n d  k i  1 1  - p a s s w o r d ;  

........................................................................ 
; T h i s  r o u t i n e  i s  c a l l e d  v i a  t h e  s e r i a l  p o r t  a n d  t h e  h e x  k e y p a d  a n d  " t o g  
; t h e - s t a t e  o f  t h e  r u n - b i t  s o  t h a t  t h e  s y s t e m  a l t e r n a t e s  b e t w e e n  RUN a n d  
; TEST/CALIBRATE modes.  
........................................................................ 

. . .. . . - - - 
P s e u d o c o d e :  

t o g g l e  - r u n  b i t :  - 
s a v e  r e g s ;  
c o m p u t e  - f l a g s  = c o m p u t e  - f l a g s  X O R  r u n  f l a g ;  - 
u n s a v e  r e g s ;  

e n d  t o g g l e  - r u n  - b i t ;  
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; T h i s  r o u t i n e  i s  c a l l e d  w h e n e v e r  t h e  dump s t a t e  f l a g  i s  s e t  t o  dump o u t  t h e  
; " s t a t e  o f  t h e  m a c h i n e "  t o  t h e  s e r i a l  p o r y .   he o u t p u t  i s  composed  o f  t h e  
; c o n t e n t s  o f  t h e  dump a r r a y  w i t h  e a c h  e l e m e n t  c o n v e r t e d  < n t o  t h e  a p p r o p r i a t t  
; u n i t s .  T h e  f o r m a t  fzr t h e  o u t p u t  i s  a s  f o l l o w s :  
8 

I TIME:  hh:mm 
8 EOO = X X X . X  VOLTS I O O  = X X X . X  AMPS 
8 ED1 = X X . X X  AMPS 1 0 1  = X X . X X  AMPS 
I E02  = x x . x x  AMPS I 0 2  = x x . x x  AMPS 
? E03 = x x . x x  AMPS I 0 3  = x x . x x  AMPS 
r E04  = x x . x x  AMPS I 0 4  = x x . x x  AMPS 
r E05 = x x - x x  AMPS I 1 5  = x x . x x  AMPS 
r E06  = X X X . X  V O L T S  1 0 6  = X X X . X  V O L T S  
r E07  = x x x . x  VOLTS I 0 7  = x x x - x  VOLTS 
r EOB = X X X . X  V O L T S  108 = X X X . X  V O L T S  

E09  = x x x . x  VOLTS I 0 9  = x x x . x  VOLTS 
E l 0  = x x x . x  VOLTS I 1 0  = x x x . x  VOLTS 
E31 = x x x . x  VOLTS 1 3 1  = x x x . x  VOLTS 
E32 = x x x . x  VOLTS I 3 2  = x x x . x  VOLTS 
E33 = x x x . x  VOLTS I 3 3  = x x x . x  AMPS 
E34  = x x x . x  AMPS I 3 4  = x x x . x  AMPS 
E35 = x x x . x  AMPS I 3 5  = x x x . x  AMPS 
0 3 6  = x x x . x  DEG C D37 = x x x . x  DEG C 
E38  = x . x x x  VOLTS E39 = x . x x x  VOLTS 
DO0 = x x x X  D40  = x x x X  D41 = x x x X  D42 = x x x X  
S1-1 S2 -0  L 1 - 1  L 2 - 0  L 3 - 1  L 4 - 0  L 5 - 1  L 6 - 0  
A l - 1  A2-1 A3-1 A4-1  A5-1 A6-1 8 1 - 1  8 2 - 1  8 3 - 1  8 4 - 1  8 5 - 1  86-1  
TOT C H G R  I = x x x . x  AMPS NOTE: 1=ON, O=OFF 

E a c h  l i n e  i s  f o r m a t e d  a n d  p l a c e d  i n t o  t h e  s e r i a l  o u t p u t  b u f f e r .  T h e  
r o u t i n e  i s  c a l l e d  a g a i n  when t h e  b u f f e r  i s  e m p t y .  When a l l  o f  t h e  d a t a  
h a s  b e e n  t r a n s m i t t e d ,  t h e  dump s t a t e  f l a g  a n d  v a l i d  p a s s w o r d  a r e  b o t h  
c l e a r e d .  I n  a d d i t i o n ,  t h e  add-Fess 07 t h e  p r o p e r  d i s p l a y  d e f a u l t  r o u t i n e  
i s  l o a d e d  i n t o  m u l t i m e t e r  add r ,  t h e  c h a n n e l  d a t a  ( i n  a s c i i ) ,  i f  needed ,  
i s  l o a d e d  i n t o  m u l t i m e t e r - d a t a  a n d  f i n a l l y ,  t h e  m u l t i m e t e r  f l a g  i s  s e t .  
E v e r y  o n e  s e c o n d  a f t e r  t h T s ,  t h e  i n d i c a t e d  d i s p l a y  r o u t i n e - i s  r e - i n i t i a t e d .  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

s e u d o c o d e :  

ump s t a t e :  - 
s a v e  r e g s ;  
i f  ( c n t r l  - z - f l a g  = 1) t h e n  g o t o  c n t r l  z c r a s h ;  - - 
i f  (dump  c h a n n e l  = 0 )  t h e n  c a l l  zut - t i m e ;  
dump c o u K t  = 0; 
do u F i l e  ( ( d u m p  c o u n t  <= 1) AND (dump - c h a n n e l  < s o c  c h a n n e l  num) ) ;  - - 

a c c u m  = L a b T l  l i s t f d u m p  - c h a n n e l ] ;  
c a t  1 p u t c h a r ( i c c ~ m ) ;  
mem b y t e  = u s e r  c h  t a b l e f d u m p  - c h a n n e l ] ;  
c a l T  p u t b y t e ( m e m  b y t e ) ;  
c a l l  msg h n d l r ( ' - =  ' 1 ;  
c o n v  dump  a d d r  = c o n v  dump t a b L e C d u m p  - c h a n n e L * 2 3 ;  
c a l l - c o n v e r t  a n d  o u t p u t  r o c t i n e ;  
dump - c h a n n e l - =  dump - c h a n n e l  + 1; 

end; 
i f  (dump  - c h a n n e l  = s o c  - c h a n n e l  num) - 
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t h e n  do; 
c a l l  dump soc; 
c a l l  dump-sw - - s t a t e s ;  
c a l l  dump a r r a y s ;  
c a l l  dump- to ta l  I; - - 

c a l l  msg - F n d ~ r ( ~  NOTE: 1=ON, O=OFF1); 
' c n t r l  z c r a s h :  - - - 

dump c h a n n e l  = 0; 
dump-state f l a g  = 0; 
v a l i 3  p a s s i i o r d  = 0; 
m u l t i 6 e t e r  f l a g  = 1; 
m u l t i m e t e r - a d d r  = @ d i s p l a y  - d e f a u l t  - 1; 
c a l l  p u t c h < r ( ' ~ ~ ' ) ;  
c a l l  p u t c h a r ( ' L F 1 ) ;  
c a l l  p u t c h a r ( ' * ' ) ;  

end; 
e l s e  do; 

c a l l  p u t c h a r ( ' C R 1 ) ;  
c a l l  p u t c h a r ( ' L F 1 ) ;  

end; 
unsave  regs ;  

end  dump - s t a t e ;  

.----------------------------------------------------------------------- ----------------------------------------------------------------------. 
I 

I DUMP - STATE LOOKUP TABLES .----------------------------------------------------------------------. ....................................................................... 

L a b e l  L i s t :  . a s c i i  - M ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ * *  

u s e r  ch t a b l e :  - - 
. b y t e  $00, $00, $01, $01, $02, $02, $03, $03, $04, $04, $05, I 
. b y t e  $06, $06, $07, $07, $08, $08, $09, $09, $10, $10, $31, 4 
. b y t e  $32, $32, $33, $33, $34, $34, $35, $35, $36, $37, $38, 3 

conv  - dump t a b l e :  - 
NOTE: The -1 i n  each  o f  t h e  f o l l o w i n g  i s  due t o  a  p e c u l i a r i t y  01 
6502. Namely t h a t  t h e  a d d r e s s  s t o r e d  on  t h e  s t a c k  d u r i n g  a  j s r  
1  L E S S  THAN t h e  r e t u r n  a d d ~ e s s .  So i n  o r d e r  t o  use  t h e  s t a c k  ar 
RTS t o  i m p l i m e n t  an i n d i r e c t  JSR, t h e  a d d r e s s  s t o r e d  i n  t h e  t a b 1  
mus t  con fo rm  t o  t h i s  r a t h e r  " a r b i t r a r y "  c o n d i t i o n .  

.word  
- .word . wo r d  
- .  . wo r d  

.word  

.word 

.word  . word  

.word  

.word 

.word 

.word  . word  

.word  

dump v o l t s  - 1 
dump-amps - 1  
dump-vo l t s  - 1  
dump-amps - 1 
dump-vo l t s  - 1 
dump-amps - 1 
dump-vo l ts  - 1 
dump-amps - 1 
dump-vo l t s  - 1 
dump~amps  - I 
dump v o l t s  - 1 
dump~amps  - 1 
dump-vo l ts  - 1 
dump - amps - 1 
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. e l s e  do; 
d o  w h i l e  ( e n d i n g  a d d r  - s t a r t  a d d r  >=  01 - 

m e m r s t a r t  a d d r ?  = mem - b y t e ;  
i n c r  s t a r T  - a d d r ;  - 

end; - - 
end; 

end; 
end; 

end;  
end; 

end; 
cmd o u t  p t r  = 0; - - 
u n s a v e  r e g s ;  

e n d  f i l l ;  

; T h i s  r o u t i n e  h a n d l e s  t h e  s t o r a g e  f u n c t i o n  o f  d a t a  w h i c h  i s  d o w n l o a d e d  
; a n o t h e r  c o m p u t e r  v i a  a  s e r i a l  l i n k .  T h e  s e l e c t e d  d o w n l o a d  f o r m a t  i s  1 
; u s e d  w i t h  t h e  DATA 1 / 0  PROM Prog rammer ,  i . e . :  
0 .  

I ^ B $ A c a d d r e s s > ,  X X  X X  X X  X X  X X  ...^ C S < c h e c k s u m > , z z z z z z z z z t z  

w h e r e  1.  X X  = a s c i i  e n c o d e d  h e x  d i g i t s  
2. a d d r e s s  a n d  c h e c k s u m  a r e  r e p r e s e n t e d  i r  

I h e x  d i g i t s  
I 3. t h e  a c c e p t a b l e  d e l i m i t e r s  a r e  space,  C f  
I LF. 
I 

; I n  o r d e r  t o  m a i n t a i n  a s  much u n i v e r s a l i t y  a s  p o s s i b l e ,  i t  i s  d e s i r e a b l  
; make t h e  r o u t i n e  i n d e p e n d e n t  o f  i n t e r r u p t  s e r v i c e  r o u t i n e s  w h i c h  may i 

; b u f f e r s  o f  u n d e f i n e d  f o r m .  Hence, I R Q ' s  a r e  d i s a b l e d  f o r  t h e  d u r a t i o r  
; t h e  down  Load.  

P s e u d o c o d e :  

d w n l d :  
t u r n  o f f  i n t e r r u p t s ;  / *  t h i s  r o u t i n e  u s e s  p o t t e d  A C I A  o n l y  * r  

c h e c k s u m  = 0; 
f i r s t  n y b  f l a g  = 0; 
e r r o r - f  - t a g  = 0; 
c h a r  = p  g e t c h a r 0 ;  
d o  w h i l e - ( c h a r  <> $02 ) ;  / *  l o o k  f o r  ^ B  * /  

- c h a r  = p  g e t c h a r 0 ;  - 
end;  
d o  w h i t e  ( ( c h a r  <> $ 0 3 )  AND ( e r r o r  f l a g  = 0 ) ) ;  / *  Look  f o r  ^ C  i - - i f  ( c h a r  = '3') - 

t h e n  do; 
c h a r  = p  g e t c h a r 0 ;  
d o  w h i t e - ( c h a r  <> ' A ' ) ;  

c h a r  = p  - g e t c h a r 0 ;  
end;  
mem a d d r  = p  - g e t w o r d 0 ;  / *  g e t  t h e  a d d r e s s  * /  
o f f s e t  = 0; 
c a l l  p - g e t c o m m a 0 ;  / *  g e t  t h e  comma * /  

end;  
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e l s e  do; 
i f  ( c h a r  <> SOA) O R  ( c h a r  <> SOD) O R  ( c h a r  <>  ") 

t h e n  do; 
i f  ( f i r s t  n y b  - f l a g  = 0 )  

t h e n  30; 
n y b b l e  1 = a t o  - h ( c h a r ) ;  
i f  (ny'f;ble I-= BFF) t h e n  e r r o r  - f l a g  = SF 
f i r s t  - n y b  - i l a g  = $FF 

end; 
e l s e  do; 

n y b b l e  2 = a  t o  - h ( c h a r ) ;  
i f  ( n y F b l e  2-= BFF)  t h e n  e r r o r  - f l a g  = $ F  
b y t e  = n y b E l e  1 : n y b b l e  - 2; 
memf mem add r3 -=  b y t e ;  
checksu; = c h e c k s u m  + b y t e ;  
f i r s t  n y b  - f l a g  = 0; 
mem a z d r  = mem a d d r  + 1; - - 

end; 
end; 

end; 
c h a r  = p - g e t c h a r ( ) ;  

end; 
if ( e r r o r  f l a g  <> 0 )  

t h e n  c a l l  p  - msg - h n d l r ( ' b a d  d a t a v )  - 
e l s e  do; 

c h a r  = p g e t c h a r ( ) ;  
d o  w h i l e - ( c h a r  <> ' S ' ) ;  / *  l o o k  f o r  t h e  S * /  

c h a r  = p  - g e t c h a r 0 ;  
end; 
xmt  c h k  sum = D a e t w o r d 0 :  ' -" 
if T c h e c k s u m  <> xmt  c h k  s;m) 

t h e n  c a l l  p - m s g - h n d T r ( ' ~ ~ D  - RUN'); 
e l s e  c a l l  p - m s g - h n d l r ( ' ~ ~ ~ ~  - - RUN'); 

end;  
e n d  down l o a d ;  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
; T h i s  r o u t i n e  o b t a i n s  t h e  c u r r e n t  v e r s i o n  n u m b e r  o f  t h i s  s o f t w a r e ,  a n d  
; t r a n s m i t s  i t  t o  t h e  s e r i a l  p o r t .  
I IMPORTANT: t h e  a s s u m p t i o n  i s  t h a t  t h e  v e r s i o n  n u m b e r  i s  a l w a y s  
8 t w o  BCD d i g i t s  o f  t h e  f o r m  H.N 
............................................................................ 

P s e u d o c o d e :  

p u t - v e r s i o n :  
s a v e  r e g s ;  
accum = ( v e r s i o n  num AND $FO) >> 4; 
c a l l  p u t c h a r ( a c c ~ m ) :  
c a l l  p u t c h a r ( ' . ' ) ;  
a c c u m  = v e r s i o n  num AND $OF; 
c a l l  p u t c h a r ( a c c u m > ;  
u n s a v e  r e g s ;  

e n d  pu t  - v e r s i o n ;  
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; T h i s  r o u t i n e  o b t a i n s  t h e  c u r r e n t  v e r s i o n  number  o f  t h i s  s o f t w a r e ,  a n d  
; d i s p l a y s  it, p r o p e r l y  f o r m a t t e d  o n  t h e  h e x p a d  d i s p l a y  p a n e l .  
I 

I IMPORTANT: t h e  a s s u m p t i o n  i s  t h a t  t h e  v e r s i o n  number  i s  a l w a y s  
I t w o  BCD d i g i t s  o f  t h e  f o r m  M.N - ........................................................................ 

o u t  v e r s i o n :  - 
s a v e  r e g s ;  
d i s p l a y  wordC41 = 3; 
d i s p l a y - w o r d C 3 1  = ( v e r s i o n  num AND SF01 >> 4; 
d i s p l a y - w o r d C 2 1  = v e r s i o n  - :urn AND $OF; 
d i s p l a y - w o r d C 1 3  = $80; 
d i  sp lay -wordC01  = $80; 
c a l l  d i s p l a y  - h n d l r ;  
u n s a v e  r e g s ;  

e n d  o u t - v e r s i o n ;  

........................................................................ 
; T h i s  i s  a  8  x  8  m u l t i p l y  s i m i l a r  t o  mp m u l t  e x c e p t  u s e d  o n l y  f o r  s i n g 1  
; p r e c i s i o n  m u l t i p l i c a t i o n .  The  m u l t i p l y e r  i s  l o a d e d  i n t o  s p  m u l t l ,  t h e  
; m u l t i p l i c a n d  i n  sp-muLt2 a n d  t h e  1 6  b i t  p r o d u c t  i s  r e t u r n e d - i n  s p  p r o c  
;******************************************************************T**** 

P s e u d o c o d e :  

s p  m u t t :  - 
s a v e  r e g s ;  
m s b y t e  o f  s p  - m u t t 2  = 0; 
s p - p r o d u c t  = 0; 
d o  i = 0 t o  7; 

s p  m u l t l  = s p  m u l t l  >> 1; 
i f - ( c a r r y  = 17 t h e n  s p  p r o d u c t  = s p  - p r o d u c t  + s p  - m u l t 2 ;  
s p  - m u t t 2  = sp-mut t  * 27 

end; 
u n s a v e  r e g s ;  

e n d  s p  - m u t t ;  

........................................................................ 
; T h i s  r o u t i n e  s e t s  t h e  d u t y  c y c l e  o f  t h e  s e l e c t e d  PWM t i m e r  t o  t h e  d e s i  
; v a l u e .  The v a l u e  i n p u t  b y  t h e  u s e r  i s  g i v e n  a s  a  %-age  d u t y  c y c l e ,  w i  
; t h e  i n p u t  %-age  b e i n g  t h e  " t i m e  h i g h " .  T h e  v a l u e  f o r  s e l e c t i n g  t h e  t i  

- ; c a n - b e  e i t h e r  "1" o r  "2". I f  i n v a l i d  e n t r i e s  a r e  made, e r r o r  messages  
; ar.e s e n t  t o  t h e  t e r m i n a l .  
........................................................................ - - 
P s e u d o c o d e :  

s e t  - d u t y  - c y c l e :  
s a v e  r e g s ;  
i f  ( (command b u f f e r C 1 3  < # $ 3 1 >  O R  (command b u f f e r r 1 3  > # $ 3 2 ) )  

t h e n  c a l i  msg h n d l r ( ' D 1 G I T  NOT 1 O R  2 ' y ;  
e l s e  do; 

t e m p  = command b u f f e r C 1 3  - #$31; - 
11-70 



F e b  1 7  12 :17  1 9 8 4  /u / tam/soLar /PSEUDOCODE P a g e  5 0  

cmd - o u t  p t r  = 2; 
x = g e t L y t e O ;  
if ((i o f l a g s  & # a s c i i  h e x  f l a g )  = 0 )  

t h P n - c a l l  msg - h n d l r T ' ~ 1 - d I ~  OUT O F  RANGE 0 - F B I ;  
e l s e  do; 

y  = d  t o  h ( x )  * 2; 
i f ( ( c o m p u t e  f l a g s  & # o v e r  1 0  f l a g )  != 0 )  

t h e n  c a l T  msg - h n d ~ r ( ~ ~ r ~ 1 i  OUT O F  RANGE 0 - 9 ' ) ;  
e l s e  do; 

if ( y  > #$AE) 
t h e n  c a l l  msg h n d L r ( ' D U T Y  CYCLE VALUE OU- 

OF RANGE 0 - 8 7 % ' ) ;  
e l s e  do; 

t i m e r  c s r  = #SEO; 
i f  (tFmp == 0 )  

t h e n  do; 
t i m e r  c s r  = #$C4; 
t i m e r - c s r  = #SOB; 
t i m e r - d a t a  = d u t y  l o w  t b l C y 7 ;  
t i m e r - d a t a  = d ~ t ~ - l o w - t b l ~ ~ + l  
t i m e r - d a t a  = d u t y - h i  t b l C y 3 ;  
pwm v a l u e  = d u t y  T i  T ~ L c ~ J ;  
timer - d a t a  = d u t y  - hT - ~ ~ L [ Y + I J  
t i m e r  c s r  = #SE3; 
t i m e r - c s r  - = #524;  

end;  
e l s e  do; 

t i m e r .  c s r  = #SC8; 
t i m e r - c s r  = #%OC; 
t i m e r - d a t a  = d u t y  Low t b L C y 3 ;  
t i m e r - d a t a  = d u t y - t o w - t b l ~ y + l  
t i m e r - d a t a  = d u t y - h i  - - T b l r y 3 ;  
t i m e r - d a t a  = d u t y  - h i  - t b L C y + l 3  
t i m e r - c s r  = #$E4; 
t i m e r - c s r  - = #$28; 

end;  
u n s a v e  r e g s ;  

e n d  s e t  - d u t y  - c y c l e ;  

........................................................................... ........................................................................... 
PERCENT DUTY CYCLE TO PWM COUNT TABLE ........................................................................... ........................................................................... 

u t y  Lo t b l :  - - 
. b y t e  $C6,~00,~C6,$00,~C4,~00,$C2,~00 
. b y t e  $ C O , $ O O , $ B E , $ O O , B B C , ~ O O , $ B A , ~ O O  
. b y t e  ~B8,$00,$B6,$00,$~4,$00,!b~2,~00 
. b y t e  $ B O , S O O , % A E , ~ O O , $ A C , ~ O O , $ A A , ~ O O  
. b y t e  % A 8 , $ 0 0 , S A 6 , $ 0 0 , $ A 4 , $ 0 0 , ~ ~ 2 , S O O  
. b y t e  $ A 0 , % 0 0 , S 9 € , $ 0 0 , ~ 9 C , $ 0 0 , $ 9 A , $ 0 0  
. b y t e  $98,$00,~96,~00,$94,$00,$92,~00 
. b y t e  $90,~00,%8E,$00,$8C,~00,$8A,$00 
, b y t e  $88,~00,$86,$00,$84,$00,~82,$00 
. b y t e  $80,$00,$7E,$00,$7C,$OO,$7~,$00 
. b y t e  $78,$00,~76,$00,~74,~00,~72,~00 
. b y t e  $70,$00,$6E,$00,$6~,~00,$6~,$00 
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d u t y  h i  t b l :  - - 
. b y t e  
. b y t e  
. b y t e  
. b y t e  
. b y t e  
. b y t e  
. b y t e  
. b y t e  
. b y t e  
. b y t e  
. b y t e  
. b y t e  
. b y t e  
. b y t e  
. b y t e  
. b y t e  
. b y t e  
. b y t e  
. b y t e  
. b y t e  
. b y t e  
. b y t e  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

; T h i s  r o u t i n e ,  c a l l e d  f r o m  e i t h e r  t h e  t e r m i n a l  o r  t h e  f r o n t  p a n e l  k e y p t  
; a l l o w s  t h e  u s e r  t o  s e t  a n d  c l e a r  i n d i v i d u a l  b i t s  t h a t  c o n t r o l  v a r i o u s  
; " d e v i c e s " .  T h e s e  d e v i c e s  a r e  d i v i d e d  i n t o  v a r i o u s  " c l a s s e s "  w h i c h  d e l  
; w h i c h  s e c t i o n  o f  c o d e  h a n d L e s  t h e  d e v i c e  s p e c i f i c  f u n c t i o n s .  T h e  "deb 
; w h i c h  c a n  b e  c o n t r o l l e d  i n c l u d e  t h e  a u d i o  b u z z e r ,  t h e  w a r n i n g  LEDs, t t  
; u s e r ' s  l o a d  r e q u e s t s ,  t h e  PWM c o n t r o l  p o r t s ,  a n d  t h e  l o a d  c u r r e n t  o v e r  
; t r i p  c o n t r o l  b i t s .  
I - 

I d e v i c e  0  a u d i b l e  a l a r m  
I d e v i c e  -1-6 u s e r  l o a d  r e q u e s t s  1 t h r u  6  
I d e v i c e  7 - 1 1  o v e r l o a d  t r i p  r e s e t s  f o r  e o a d s  1 t h r u  5 
t d e v i c e  1 2 - 1 7  PWM b u f f e r  # I  c o n t r o l s  1 t h r u  6 
I d e v i c e  1 8 - 2 3  PWM b u f f e r  # 2  c o n t r o l s  1 t h r u  6 
I d e v i c e  24 -25  Y e l l o w ,  a n d  Red LEDs 
I 

; If a d i g i t  o u t  o f  t h e  r a n g e  o f  0 t o  9 i s  e n t e r e d  f o r  e i t h e r  d i g i t  o f  t 
; b i t  number  o r  o u t  o f  t h e  r a n g e  0  t o  1 f o r  t h e  d e s i r e d  s t a t e  ( I=ON>, o r  
; t h e  b i t  number  e x c e e d s  25, t h e n  a n  a p p r o p r i a t e  e r r o r  message  i s  s e n t  t 
; c o n t r o l l i n g  1 1 0  d e v i c e  ( t e r m i n a l  o r  k e y p a d ) .  I n  a d d i t i o n ,  i f  t h e  u s e r  
; a t t e m p t s  t o  s e t  a  b i t  i n  t h e  r a n g e  6  - 10, t h e  e q u i v a l e n t  o f  " t r i p p i n g  
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; a  L o a d ' s  c i r c u i t  b r e a k e r ,  a  w a - r n i n g  m e s s a g e  i s  d i s p l a y e d  a n d  n o  a c t i o n  i s  
; t a k e n .  
............................................................................ 

P s e u d o c o d e :  

s e t  b i t :  - 
s a v e  r e g s ;  
i f ( ( c o m m a n d  b u f f e r C 1 3  < $ 3 0 )  O R  (command b u f f e r C 1 3  > $ 3 9 ) )  - - 

t h e n  do; 
i f  (command b u f f e r C 0 3  = ' D ' )  

t h e n  c a l T  d i s p l a y  e r r o r ( # 8 0 4 ) ;  
e l s e  c a l l  msg h n d T r ( ' D 1 ~ 1 ~  OUT O F  RANGE 0 - 9 ' ) ;  - 

end; 
e l s e  do; 

s b  t e m p  = command b u f f e r r 1 1  << 4; 
i f T ( c o m m a n d  b u f f e T C 2 1  < $ 3 0 )  O R  (command b u f f e r r 2 7  > $ 3 9 ) )  - - 

t h e n  do; 
i f  (command b u f f e r r 0 3  = ' D m )  

t h e n  c a t T  d i s p l a y  e r r o r ( # $ 0 4 ) ;  
e l s e  c a l l  msg - h n d i r ( ' ~ 1 ~ 1 f  OUT OF RANGE 0 - 9 ' ) ;  

end; 
e l s e  do; 

s b  t e m p  = s b  t e m p  O R  (command b u f f e r r 2 3  AND #$OF); 
i f - (  (command-buf - f e r r 3 1  < $30) -OR 

(command b u f f e r C 3 3  > $31)) - 
t h e n  do; 

i f  (command b u f f e r r 0 3  = ' D l )  
t h e n  c a l T  d i s p l a y  e r r o r ( # S O ? ) ;  
e l s e  c a l l  msg h n d i r ( ' ~ 1 ~ 1 ~  NOT A ' 1 '  O R  ' 2 " ) ;  - 

end; I 

e l s e  do; 
i f  (command b u f f e r r 3 1  = $30 )  

t h e n  c f T a g  = 0; 
e l s e  c f l a g  = 1; - 

i f ( s b  t e m ~  >= max num d e v s )  - 
t h e n  do; 

- - / *  max num d e v s  = # 5 2 6  * I  - - 
i f ( c o m m a n d  b u f f e r r 0 3  = I D ' )  

t h e n  c a T t  d i s p l a y  e r r o r ( # S 0 9 ) ;  
e l s e  c a l l  msg ~ ~ ~ T ~ ( ' I N V A L I D  DEVICE NUMBER - 

end; 
e l s e  do; 

if ( s b  t e m p  >= $ 2 0 )  
t h F n  s b  t e m p  = s b  t e m p  - #$OC; 
e l s e  i f T s b  t e m p  >: $10) 

t h e n  do: 
sb-temp = s b  t e m p  - #$06; 
s b  - t e m p  = sbmtemp <<  1; 
i = s b  msk t g l r s b  temp] ;  
j = s b - m s k - t b l + l [ T b  - - - temp] ;  

s w i t c h  (j); 
c a s e  0:  

i f  ( c f l a g  = 1) 
t h e n  a l a r m  f l a g s  = a l a r m  f l a g s  O R  i; 
e l s e  a l a r m - f l a g s  - = a l a r m - f l a g s  - AND "i; 

11-73 
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b r e a k ;  
c a s e  1: 

i f ( c f 1 a g  = 1) 
t h e n  u s e r  L d  r e g  = u s e r  L d  r e q  O R  -i; 
e l s e  u s e r - l d - r e q  - - = u s e r - l d - r e q  AND -i; - - 

b r e a k ;  
c a s e  2: 

i f  ( c f l a g  = 1) 
t h e n  do; 

o v r l d  t r i p  = o v r l d  t r i p  AND "i; 
o v r l d - c n t  = o v r l d  c n t  m a x ( s b  t e m p  - 7); - - - 
i = # g n a b l e  b e l l ;  
a l a r m  f l a g s - =  a l a r m  f l a g s  AND 'i; - - 

end; 
e l s e  do; 

i f  (command b u f f e r C 0 3  = ' D ' )  
t h e n  c a t T  d i s p l a y  e r r o r ( # $ 0 8 ) ;  
e l s e  c a l l  msg h n d i r ( ' c ~ ~ ' ~  T R I P  OVERLOAD - PROTECTOR'); 

end; 
b r e a k ;  

c a s e  3 :  
i f c c f l a g  = 1) 

t h e n  c a l l  c n t r l  pwm o u t p u t ( i  O R  #$80 ) ;  
e l s e  c a t  1  ~ n t r l - ~ w m - o u t ~ u t ( i ) ;  - - 

b r e a k ;  
c a s e  4:  

i f ( c f 1 a g  = 1) 
t h e n  s t o w  l e d s  = s t o w  l e d s  O R  i; - - 
e l s e  do; 

s t o w  l e d s  = s t o w  l e d s  AND 'i; - 
l e d  o u t  l a t c h  = s t o w  l e d s ;  - - - 

end; 
b r e a k ;  

end; 
end; 

end; 
end; 

u n s a v e  r e g s ;  
e n d  s e t  b i t ;  - 

._---------------------------------------------------------------------- ....................................................................... 
P SET B I T  MASK TABLE .___-------------------------------------------------------------------- ..................................................................... 

s b  msk t b l :  - .- . . = . b y t e  
. b y t e  
. b y t e  
. b y t e  
. b y t e  
. b y t e  
. b y t e  
. b y t e  
. b y t e  
. b y t e  

$80,$00 ; a u d i o  b u z z e r ,  C l a s s  $0 1- 
$08,$01 ; U s e r  l o a d  r e q u e s t s  1 - 6, C l a s s  1 
$10,$01 
$20,$01 
$40,$01 
$80,$01 
$04,$01 
$08,$02 
$10,$02 
$20,$02 

; O v e r l o a d  t r i p  c o n t r o l s  1- 5, C l a s s  2 
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$40,$02 
$80,$02 
$00,1603 ; PWM C o n t r o l  a r r a y s  1 & 2  ( 6  o u t p u t s  each)  
501,503 ; C l a s s  3  
802,$03 
$03,$03 
$04,$03 
$05,$03 
$06,$03 
$07,$03 
$08,$03 
$09,$03 
$OA,$03 
$OB,$03 
$01,$04 ; LED c o n t r o l s  (YelLow,Red) C l a s s  4  
$02,$04 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
; T h i s  r o u t i n e  t a k e s  as  i t s  i n p u t  t h e  c o n t e n t s  o f  t h e  a c c u m u l a t o r  and  
; s e t s  o r  c l e a r s  t h e  s e l e c t e d  PWM c o n t r o l  o u t p u t  b i t .  The c o n t e n t s  o f  
; t h e  a c c u m u l a t o r  a r e  encoded  as  f o l l o w s :  B i t  7 i s  a  "1 "  i f  t h e  PWM c o n t r o l  
; b i t  i s  t o  be  se t ,  a  " 0 "  if t h e  PWM c o n t r o l  b i t  i s  t o  be  c l e a r e d .    its 0-3 
; a r e  t h e  number ( o r  " a d d r e s s "  i f  you  w i l l )  o f  t h e  b i t  t o  be s e t / c l e a r e d .  
; V a l u e s  b e t w e e n  800  and  $05 a r e  i n  PWM c o n t r o l  a r r a y  1, and  v a l u e s  be tween  
; $06 and SOB a r e  i n  PWM c o n t r o l  a r r a y  2. The b i t  number i s  u s e d  as  an 
; i n d e x  i n t o  t h e  a r r a y  pwm msk t b l  whose e n t r i e s  a r e  t h e  b i t  p a t t e r n  t o  
; be used  i n  t u r n i n g  on  o r - o f f - t h e  PWM c o n t r o l .  I n  a d d i t i o n ,  i f  b i t  7  o f  thc 
; pwm-tbl-msk a r r a y  e n t r y  i s  on  t h e n  t h e  mask i s  f o r  PWM c o n t r o l  a r r a y  2. 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Pseudocode:  

cnt r l -pwm - o u t p u t :  
save  regs ;  
i = pwrn msk t b l f v a l u e  AND #$OF3 - 
if (i > 0)  

t h e n  do; 
i f  ( v a l u e  < 0 )  

t h e n  do; 
s t o w  pwml = s tow  pwml O R  i; 
a r r a y  - s e l l  = s t o c  pwml; - 

end; 
e l s e  do; 

s t ow  pwml = s tow  pwml AND "i; 
a r r a y  - seI.1 = sto';; pwml; - 

end; 
end; 
e l s e  do; 

i = i AND #$7F; 
i f  ( v a l u e  < 0 )  

t h e n  do; 
s t o w  pwm2 = s tow  pwm2 O R  i; 
a r r a y  - s e t 2  = sto; pwm2; - 

end; 
e l s e  do; 

s t ow  pwm2 = s tow  pwm2 AND - i ;  - - 
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a r r a y  - s e t 2  = s tow - pwm2; 
end; 

end; 
unsave  regs ;  

end c n t r l  - pwm - o u t p u t ;  

.----------------------------------------------------------------------. ----------------------------------------------------------------------. 
- - - 

I PULSE M A S K  TABLE F O R  CNTRL - PWM - OUTPUT .----------------------------------------------------------------------- ----------------------------------------------------------------------. 

pwm msk t b t :  - - 
. b y t e  $01,$02,$04,$08,$10,$20 
. b y t e  $81,$82,$84,$88,$9O,$AO 

; T h i s  r o u t i n e  c o n v e r t s  t h e  A I D  r e a d i n g  i n  f r e z  temp i n t o  a "%-age c o l d r  
; p r o d u c t ,  w h i c h  i s  an  i n d i c a t i o n  o f  t h e  s t a t e  of t h e  f r e e z e r  l oad .  
........................................................................ 

Pseudocode: 

f i n d  - p r o d :  
save  regs;  
i f  ( f r e z  t emp t13  < 0 )  

t hen - i .  = 0; 
e l s e  do; 

i = f r e z  t emp t13  >> 1; 
save  f l a g s ;  
i = i >> 1; 
save  f l a g s ;  
i = ( f r e z  t e m p t 0 1  >> 3); 
u n s a v e  f l Z g s ;  
i f  ( c a r r y  b i t  = 1 )  
t h e n  i = i O R  $40; 
unsave  f l a g s ;  
i f  ( c a r r y  b i t  = I) 
t h e n  i = i O R  $20; 
i = i - $50; 
i f  (i C 0 )  

t h e n  i = 0; 
e l s e  i f  (i > $35) 

t h e n  i = $35; 
end; 

p r o d  = p ~ o d  - p c t  - t b l C i 1 ;  
- unsave  regs ;  

end f i n d  - prod;  
% .------------------------------------------------------------------------ ,-------------------------"-"---------------------------------------------- 

I PERCENTAGE O F  PRODUCT TABLE F O R  FIND-PROD .----------------------------------------------------------------------- ,----------------------------------------------------------------------- 

p r o d  - p c t  t b t :  - 
- b y t e  2, 4, 6, 8, 10, 12, 14, 16, 20, 22, 24, 26 
- b y t e  28, 30, 32, 34, 36, 40, 42, 44, 46, 48, 50, 52 
. b y t e  54, 56, 60, 62, 64, 66, 68, 70, 72, 74, 78, 8 0  
- b y t e  82, 84, 86, 88, 93, 92, 94, 98, 100, 102, 104, I 0 6  
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............................................................................ 
; T h i s  r o u t i n e ,  c a l l e d  o n  a  o n e  s e c o n d  i n t e r v a l ,  t e s t s  t o  s e e  i f  a n y  o f  t h e  
; s t r i n g  c u r r e n t s  h a v e  f a l l e n  b e l o w  a  s p e c i f i e d  l e v e l ,  i .e .  if t h e  f o l l o w i n g  
; e x p r e s s i o n  i s  f a l s e  f o r  a n y  o f  t h e  s t r i n g s ,  t h e n  t h e  s t r i n g  f a u l t  f l a g  i s  - 
; s e t .  
r 

: b r a n c h  c u r r e n t ( N 1  >= ( t o t a l  c h g r  I / n u m b e r  o f  s t r i n g s )  - s t r  f a u l t  o f f s e t  
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

' s u e d o c o d e :  

: e s t  - s t r i n g  I: - 
s a v e  r e g s ;  
l s w o r d  o f  d i v i d e n d  = t o t a l  c h g r  I; - - 
m s w o r d  o f  d i v i d e n d  = 0; 
l s b y t e  o f  d i v i s o r  = num p w r  s t r i n g s ;  - - 
m s b y t e  o f  d i v i s o r  = 0; 
q u o t i e n t  = mp - d i v 0 ;  
x = 0; 
q u o t i e n t  = q u o t i e n t  - s t r  f a u l t  o f f s e t ;  
d o  w h i l e  ( ( x  < num - p w r  S ~ ~ ~ ~ ~ S ) - A N D  ( b r a n e h l C  x  3 > =  q u o t i e n t ) )  - 

x = x + l ;  
end:  
i f  ( X  = num p w r  s t r i n g s )  

t h e n  s t F i n g - f a u l t  = 0; 
e l s e  s t r i n g - f a u l t  - = 1; 

u n s a v e  r e g s ;  
e n d  t e s t  - s t r i n g  I; - 

T h i s  r o u t i n e  h a n d l e s  t h e  d u m p i n g  o f  s t a t e  o f  chg, c o r r e c t e d  s t a t e  o f  c h a r g e  - - 
e q u a l i z a t i o n  c o u n t  a n d  pwm v a l u e  f o r  t h e  J u m p  s t a t e  r o u t i n e ,  

***************************T***********************************************  

s e u d o c o d e :  

ump-sac: 
s a v e  
c a l l  
c a l l  
c a l l  
c a l l  
c a l l  
c a l l  
c a l l  
c a l l  
c a l l  
c a t  1  
c a l l  
c a l l  
c a l l  
c a l l  
c a l l  

r e g s ;  
p u t c h a r ( ' D 1 ) ;  
p u t b y t e ( S 0 0 ) ;  
msg h n d l r c '  = ' 1 ;  
p u t ~ s o c ;  
p u t c h a r ( S 2 0 ) ;  
p u t c h a r ( S 2 0 ) ;  
p u t c h a r ( ' D S ) ;  
p u t c h a r ( S 4 0 ) ;  
msg h n d l r ( '  = '1; - 
p u t - c s o c ;  
p u t  c h a r ( S 2 0 ) ;  
p u t c h a r ( S 2 0 ) ;  
p u t c h a r ( ' D ' ) ;  
p u t c h a r ( S 4 1 ) ;  
msg h n d L r ( "  '1; - 
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c a l l  p u t  e q u a l ;  
c a l l  p u t F h a r ( $ 2 ~ ) ;  
c a l l '  p u t c h a r ( $ 2 0 ) ;  
c a l l  p u t c h a r ( ' D 8 ) ;  - 
c a l l  p u t c h a r ( $ 4 2 ) ;  
c a l l  msg h n d l r ( '  = ' 1 ;  
c a t  1  put-pwm; 
c a l l  p u t c h a r ( l ~ ~ ' ) ;  

- .  - c a l l  p u t c h a r ( ' L F 1 ) ;  
u n s a v e  r e g s ;  

e n d  dump soc ;  - 
........................................................................ 
; T h i s  r o u t i n e  h a n d l e s  t h e  d u m p i n g  o f  t h e  s w i t c h  a n d  l o a d  s t a t e s  f o r  t hc  
; dump s t a t e  r o u t i n e .  
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

P s e u d o c o d e :  

dump sw s t a t e s :  - - 
s a v e  r e g s ;  
c a l l  p u t c h a r ( ' S 1 ) ;  
c a l l  p u t c h a r ( ' 1  ' 1 ;  
a c c u m  = a l a r m  3 0  AND i n h i b i t  b i t ;  - - 
c a l l  p u t  on; 
c a l l  p u t c h a r ( ' ~ l ) ;  
c a l l  p u t c h a r ( ' 2 ' ) ;  
a c c u m  = a l a r m  3 0  AND m o t o r  temp; - - 
c a t  1  p u t  on; 
c a l l  put char('^'); 
c a l l  p u t c h a r ( ' l l ) ;  
a c c u m  = s t o w  l e d s  AND b i t 3 ;  
c a l l  p u t  off;  
c a l l  p u t c h a r ( ' l l ) ;  
c a l l  p u t c h a r ( ' 2 ' ) ;  
a c c u m  = s t o w  l e d s  AND b i t 4 ;  
c a l l  p u t  o f f ;  
c a l l  put char('^'); 
c a l l  p u t c h a r ( ' 3 ' ) ;  
a c c u m  = s t o w  l e d s  AND b i t s ;  
c a l l  p u t  o f f ?  
c a l l  p u t c h a r ( l ~ l ) ;  
c a l l  p u t c h a r ( ' 4 ' ) ;  
accum = s t o w  l e d s  AND b i t 6 ;  
c a t  1  p u t  off:  

- c a l l  p u t ' c h a r ( ' ~ ' ) ;  
c a l l  p u t c h a r ( ' S 8 ) ;  
a c c u m  = s t o w  l e d s  AND b i t 7 ;  

- c a l l  p u t  of f :  
c a l l  p u t c h a r ( l ~ l ) ;  
c a l l  p u t c h a r ( ' 6 ' ) ;  
a c c u m  = s t o w  l e d s  AND b i t 2 ;  
c a l l  p u t  o f f ?  
c a l l  p u t c h a r ( ' ~ ~ l ) ;  
c a l l  p u t c h a r ( ' L F 1 ) ;  
u n s a v e  r e g s ;  
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e n d  dump sw s t a t e s ;  - - 
p u t  o n :  - 

c a l l  p u t c h a r ( ' - 9 ;  
i f  ( a c c u m  = 0 )  

t h e n  c a l l  p u t c h a r ( $ 3 1 > ;  
e l s e  c a l l  p u t c h a r ( S 3 0 ) ;  

c a l l  p u t c h a r ( '  ' 1 ;  
e n d  put -on;  

p u t  - o f f :  
c a l l  p u t c h a r ( ' - ' ) ;  
i f  ( a c c u m  = 0) 

t h e n  c a t  1  p u t c h a r ( $ 3 0 ) ;  
e l s e  c a l l  p u t c h a r ( $ 3 1 ) ;  

c a l l  p u t c h a r ( '  ' 1 ;  
e n d  p u t  - o f f ;  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
: T h i s  r o u t i n e  dumps t h e  s t a t e  o f  t h e  1 2  a r r a y  e n a b l e  L i n e s  d u r i n g  dump s t a t e  
: **********************************************************************T****  

' s e u d o c o d e :  

lump a r r a y s :  - 
s a v e  r e g s ;  
t e m p  = s t o w  pwml; 
d o  i = 3 1  t o  T6; 

c a l l  p u t c h a r ( ' A V ) ;  
c a l l  p u t c h a r ( i 1 ;  
c a l l  p u t c h a r ( ' - ' ) ;  
t e m p  = t e m p  >>  1  
i f  ( c a r r y  = 0) 

t h e n  c a l l  p u t c h a r ( ' O 1 ) ;  
e l s e  c a l l  p u t c h a r ( ' l l ) ;  

c a l l  p u t c h a r ( '  ' 1 ;  
end; 
t e m p  = s t o w  pwm2; 
d o  i = 3 1  t o  -56; 

c a l l  p u t c h a r ( ' A ' 1 ;  
c a l l  p u t c h a r ( i ) ;  
c a l l  p u t c h a r ( ' - ' ) ;  
t e m p  = t e m p  >> 1 
i f  ( c a r r y  = 0) 

t h e n  c a l l  p u t c h a r ( ' 0 ' ) ;  
e l s e  c a l l  p u t c h a r ( ' l w ) ;  

c a l l  p u t c h a r ( '  ' 1 ;  
end; 
c a l l  p u t c h a r ( ' C R ' 1 ;  
c a l l  p u t c h a r ( ' L F 1 ) ;  
u n s a v e  r e g s ;  

e n d  dump - a r r a y s ;  
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X  
X X X X X  
X  
X  
X  
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X  X  X  X  X  X  X X  X X  
X  X  X  X  X  X  X X X X  
X X X X X  X X X X X  X  X  X  X  
X  X  X  X  X  X  X  
X  X  X  X X X X  X  X  
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............................................................................ 
; T h i s  i s  t h e  " m a i n "  c o n t r o l  m o d u l e .  T h i s  m o d u l e  i n v o k e s  a l l  o f  t h e  o t h e r  
; m o d u l e s ,  e i t h e r  d i r e c t l y  o r  i n d i r e c t l y .  T h e  r o u t i n e s  c a l l e d  d i r e c t l y  b y  
; t h i s  m o d u l e  a r e  l i s t e d  b e l o w .  T h e  f u n c t i o n s  o f  t h e  r u n  t a s k - m a s t e r  a r e  man - 
; b u t  t h e y  a r e  b r o k e n  down  i n t o  4 r e g i m e s .  
I 

r 1. b a c k g r o u n d  r e g i m e  - t h e  m o s t  f u n d a m e n t a l  L o o p  f o r  t h e  s y s t e m  t o  
I b e  i n  if n o t h i n g  i s  h a p p e n i n g .  
I 

I 2. d a t a s e t  r e a d y  r e g i m e  - e n t e r e d  o n l y  when  t h e  new d a t a s e t  i s  
I a v a i l a b l e  T o r  s i g n a l  a v e r a g i n g .  
I - 
I 3. 1 0 0  msec r e g i m e  - w i t h i n  t h e  d a t a s e t  r e a d y  r e g i m e .  I t  i s  w i t h i n  
I t h i s  a r e a  t h a t  t h e  s i g n a l  a v e r a g i n g  m u t T i m e t e r  f u n c t i o n s  a n d  max 
I p o w e r  c o n t r o l  a r e  done .  
I 

I 4. 1 s e c o n d  r e g i m e  - t h i s  a r e a  i s  d e v o t e d  p r i m a r i l y  w i t h  t h e  
I h a n d l i n g  o f  t h e  c l o c k  a n d  m a c h i n e  s t a t e  c o n s i d e r a t i o n s .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

P s e u d o c o d e :  

r u n  t a s k  m a s t e r :  - - 
d o  w h i l e  (1);  

if ( d s p l y  p e n d  f l a g  = 1) t h e n  c a l l  d i s p l a y  - d i g i t s ;  
i f  ( d a t a s T t  r e a d y  - f t a g  = 1) 

t h e n  do; 
s t r o b e  w a t c h d o g  t i m e r ;  
i f  ( s e r i a l  cmd f ! a g  O R  k y b d  - cmd - f l a g  = 1) 

t h e n  c b l l  c m d  i n t  r p ;  
i f  (pwm - m - f l g  = 1T 

t h e n  do; 
c a l l  a b s  c n v t ;  
i f  ( r u n  ' i l a g  = 1 ) ) ;  

the: do; 
c a l l  b a t t e r y  s t a t e  o f  chg;  
i f  (max pw c n t r t  = - I ) -  

t h e n  c a t 1  max pwr - t r a c k ;  
i f  ( ( d u m p  - s t a t e  f T a g  = 1) 

~ ~ ~ - ( b ~ t e  c o u n t  = 0)) 
t h e n  c a l l  dump - s t a t e ;  

end; 
d a t a s e t  r e a d y  f l a g  = 0; 
pwm-m f i g  = ~j 
m m f  - u p d a t e  = m m f  - u p d a t e  - 1; 

end;  
if ( m m f  u p d a t e  = 0) 

the; do; 
c a l l  m u l t i m e t e r  - f u n c ;  
m m f  - u p d a t e  = 3; 

end;  
end;  

if ( o n e  - s e c  - f l a g  = 1) 
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t h e n  do; 
c a l l  t e s t  s t r i n g  - I; 
c a l l  f i n d - t i m e ;  
i f  ( a l a r m - 3 0  AND b i t 6  <> 0 )  

t h e n  30; 
" r e s e t "  t h e  3 0  m in  a l a r m ;  
dump - s t a t e  f l a g  = 1; - 

end; 
i f  ( run  f l a g  = 1) 

the; do; 
i f  (max D W  c n t r l  = 0 )  -' -- 

t h e n  c a l l  d i s c r e t e  a r r a y  - c n t r l ;  
c a l l  c o r r e c t  s t a t e  - o f  - c h g ;  
c a l l  d e t e r  mach  s t a t e :  - - 

end; 
e l s e  s t o w  l e d s = l e d  - o u t  l a t c h = s t o w  l e d s  X O R  # s l e d  - - 

c a l l  c h k  f o r  o v r l d ;  
o n e  - s e c  - i l a g - =  0; 

end;  
end; 

e n d  r u n - t a s k - m a s t e r ;  

......................................................................... 
; T h i s  r o u t i n e  i s  a w a k e n e d  when t h e  pwm m f l g  i s  s e t  t o  i n d i c a t e  t h a t  - - 
; i t  i s  t i m e  t o  u p d a t e  t h e  c o n t r o l  p o i n t .  
I 

I N o t e : i f  ( d i r e c t i o n  <> 0 )  t h e n  d u t y  c y c l e  i n c r ' s  
@ i f  ( d i r e c t i o n  = 0 )  t h e n  d u t y  c y c l e  d e c r ' s  
I ......................................................................... 

P s e u d o c o d e :  

max p o w e r  t r a c k :  - - 
s a v e  r e g s ;  
o l d  p o w e r  = new p o w e r ;  - 
new p o w e r  = ( a b s  - b a t t e r y  - V + $ 1 0 0 )  * a b s  t o t a l  c h g r  I; - - - 
d e l T a  p o w e r  = new p o w e r  - o l d  p o w e r ;  
i f  ( ( T e l t a  p o w e r  7 0) AND (di'F; - c h g  c n t r  = 0 ) )  - 

t h e n  dz;  
d i r e c t i o n  = d i r e c t i o n  X O R  1; 
d i r  c h g  - c n t r  = 2; 
s t e p  = s m a l l ;  

end; 
e l s e  j f  ( d e l t a  - p o w e r  > o l d  p o w e r  * 2 ^ ( - b i g ) )  - 

- t h e n  s t e p  = l a r g e ;  
e l s e  s t e p  = s m a l l ;  

i f  (pwm v a l u e  <= m in  - pwm) 
t h e x  do; 

d i r e c t i o n  = 1; 
s t e p  = l a r g e ;  

end; 
if ((pwm - v a l u e  >= max pwm) O R  ( ( t o t a l  c h g r  I > max c h g r  I) - - 

O R  (a?;s - b a t t e r y  V > b a t  - V - i i m i t )  
O R  ( m o t o r  t e m p  = 1) 

OF ( s t r i n g  - 1 - V < m in  - a r r a y  - v o l t s )  
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t h e n  do; 
d i r e c t i o n  = 0; 
s t e p  = s m a l l ;  

end; 
i f  ( d i r e c t i o n  b i t  = 0 )  t h e n  s t e p  = - s t e p ;  
pwm v a l u e  = pwm-va lue  + s t e p ;  
i f  t p w m  v a l u e  > max pwm) 

the; i f  ( d i r e c t T o n  < > O )  
t h e n  pwm v a l u e  = max pwm; - 
e l s e  pwm-value = 1; 

if ((pwm v a l u e  (-1 c o u n t )  O R  ( i n h i b i t  = 0 ) )  
t hen-do; 

pwm v a l u e  = 1; 
tur: - o n  - f l a g  = 0; 

end;  
e l s e  t u r n  o n  f l a g  = 1; - - 
do; 

d i s a b l e  i n t s ;  
t i m e r - c s r  = SOB 
t i m e r - d a t a  = S C 8  - pwm - v a l u e ;  I*  L o a d  d o w n t i m e  * /  
t i m e r  d a t a  = $ 0 0  
t i m e r - d a t a  = pwm v a l u e ;  / *  l o a d  u p t i m e  * /  
t i m e r - d a t a  = $00- 
i f  (tern - o n  - f l a g  = 1 )  

t h e n  a r r a y  s e l l = a r r a y  s e l 2 = s t o w  p w m l = s t o w  pwm2 = #83F; 
e l s e  a r r a y ~ s e l l = a r r a y - s e 1 2 = s t a u - p w m l = s t o ~ w m 2  - - - - = #SO; 
end; 

e n a b l e  i n t s ;  
end;  

s e t t l e  t i m e  = $03; 
i f  ( d i 7  c h g  c n t r  <> 0 )  

the: d i 7  - c h g  - c n t r  = d i r  c h g  c n t r  - 1; - - 
u n s a v e  r e g s ;  

e n d  max - p o w e r  t r a c k ;  - 
T h i s  r o u t i n e  l o o k s  t h r o u g h  a  t a b l e  o f  commands f o r  a  m a t c h  t o  t h e  f i r s t  
c h a r a c t e r  t h a t  i t  f i n d s  i n  t h e  command b u f f e r .  T h e  n e x t  t w o  l o c a t i o n s  i n  
t h e  t a b l e  h o l d  t h e  j u m p  a d d r e s s  o f  t h e - r o u t i n e  t o  h a n d l e  t h e  r e q u i r e m e n t .  
T h e  c o r r e s p o n d i n g  r o u t i n e  i s  i n v o k e d .  S i n c e  t h e  d a t a  i n  t h e  command b u f f e r  
c o u l d  b e  t h e  p a s s w o r d ,  t h i s  i s  c h e c k e d  f i r s t .  F a i l i n g  t h i s  t e s t ,  t h e  i n p u t  
i s  t e s t e d  t o  s e e  if i t  i s  o n e  o f  t h e  p o s s i b l e  command w o r d s .  I f  so, t h a t  
t a s k  i s  i n i t i a t e d .  I f  n o  command w o r d  i s  m a t c h e d  a  "WHAT?" m e s s a g e  i s  
s e n t  t o  t h e  a p p r o p r i a t e  p o r t .  

If t h e  msb o f  t h e  t a b l e  c h a r a c t e r  i s  s e t ,  i t  i n d i c a t e s  t h a t  t h e  f u n c t i o n  i s  
a  m u l t i m e t e r  d i s p l a y  f u n c t i o n .  I n  t h i s  case,  t h e  a s c i i  r e p r e s e n t a t i o n  o f  
t h e  c h a n n e l  n u m b e r  i n  t h e  command b u f f e r  i s  m o v e d  t o  m u l t i m e t e r  d a t a ,  
t h e  d i s p l a y  f u n c t i o n  s t a r t i n g  a d d r e s s  i s  r e t a i n e d  i n  m u l t i m e t e r - a d d r  a n d  - 
t h e  m u l t i m e t e r  - f l a g  i s  s e t .  

U p o n  c o m p l e t i o n  o f  t h i s  t a s k  t h e  f o l l o w i n g  a c t i o n s  a r e  t a k e n :  

1.  c o n t r o l  i s  r e t u r n e d  t o  cmd i n t r p  - 
2 .  a  p r o m p t ,  " C R  L F  *", i s  s e n t  t o  t h e  s e r i a l  p o r t ,  u s i n g  
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I msg - h n d l r  
I 

I 3 .  c l e a r  s e c i a l  cmd f l a g  o r  t h e  k y b d  cmd f l a g  a s  a p p r o p r  
;******************************T***T****************T***T***************  

P s e u d o c o d e :  

cmd - i = n t r p :  
s a v e  r e g s ;  
cmd o u t  p t r  = 0; 
i f  T k y b c c m d - f l a g  O R  s e r i a l  - cmd - f l a g  = 1) 

t h e n  do; 
i f  ( k y b d  cmd - f l a g  = 1) 

t hen-do; 
i n d e x  = 0; 
d o  w h i l e  ( ( command  b u f f e r r i n d e x 1  = p a s s w o r d C i n d e  

ANT ( i n d e x  < 4 )  1; 
i n d e x  = i n d e x  + 1; 

end; 
if ( i n d e x  = 4 )  

t h e n  do; 
v a l i d  p a s s w o r d  = 1; 
c a l l  ' ; r i s p l a y  - c l r 0 ;  

end; 
e l s e  do; 

c a l l  d i s p l a y  c l r 0 ;  
i f  ( ( c o m m a n d - b u f f e r r 1 3  - < $ 3 A ) >  

t h e n  do; 
if ( v a l i d  - p a s s w o r d  = 0 )  t h e n  

b a s e  a d d r  = - cmd t a b l e l ;  
e l s e  b a s e - a d d r  = - c m d - t a b l e 3 ;  - 

c a l l  f i n d  f u F c ;  
k y b d  c m d  f T a g  = 0; 
cmd out ptr = 0; 
cmd- in  - - 'i;tr = 0; 

end; 
e l s e  do; 

cmd o u t  p t r  = 1; 
if T v a l i d  - p a s s w o r d  = 0 )  t h e n  

b a s e  a d d r  = - cmd t a b l e 2 ;  
e l s e  b a s e - a d d r  = - cmd- tab te4 ;  - 

c a l l  f i n d  f u F c ;  
k y b d  c m d  f T a g  = 0; 
cmd o u t  Ftr = 0; 
cmd- in  - - ptr = 0; 

end;  
end; 

end;  
e l s e  do; 

b a s e  a d d r  = cmd - t a b l e s ;  
c a l l -  f i n d  f u n c ;  
c a l l  F s g  h n d l r ( p r o m p t ) ;  
s e r i a l  cm'd f l a g  = 0; 
cmd OUT ptT = 0; 
cmd- in  - - Ftr = 0; 

end;  
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end; 
u n s a v e  r e g s ;  

e n d  cmd - i n t r p ;  

- f i n d  f u n c :  p r o c e d u r e ;  
i K d e x  = 0; 
d o  w h i l e  ( ( command  b u f f e r C c m d  o u t  p t r l  0 

( $ 7 F  AFD b a s e  a d d T C i n T e x 3 ) )  AND 
( b a s e - a d d r ~ i n d e x 3  - <> 0 ) ) ;  

i n d e x  = i n d e x  + 3; 
end;  
i f  ( b a s e  a d d r t i n d e x l  AND $ 8 0  0 0 )  

t hen-do; 
m u l t i m e t e r  f l a g  = 1; 
m u l t i m e t e r - d a t a  = command b u f f e r t l l ;  
m u l t i m e t e r - d a t a + l  = commaEd b u f f e r f 2 3 ;  
m u l t i m e t e r - a d d r  - = b a s e  - a d d r - f i n d e x  + 13; 

end;  
i f  ( b a s e  a d d r t i n d e x l  = 0 )  

then-do ;  
i f ( k y b d  cmd f l a g  = 1) t h e n  c a l l  d i s p l a y  - huh;  

e l s 7  tail p u t  - huh;  
end;  
e l s e  do; 

j u m p  a d d r  = b a s e  a d d r t i n d e x  + 11; 
c a l l - r o u t i n e  l o c a t e d  @ j u m p  - a d d r ;  

end;  
e n d  f i n d  f u n c ;  - - 

.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
T h i s  r o u t i n e  g a t h e r s  N  c h a n n e l s  o f  d a t a ,  s e q u e n t i a l l y ,  a n d  s t o r e s  t h e  
r e s u l t s  i n  memory .  T h e  r o u t i n e  s e t  t h e  mux c h a n n e l  numbe r ,  w a i t s  f o r  
s e t t l i n g ,  s t a r t s  t h e  c o n v e r s i o n ,  p o l l s  f o r  c o n v e r s i o n  c o m p l e t i o n  a n d  t h e n  
s t o r e s  t h e  r e s u l t .  

N o t e :  en t r y -num,  n e x t - s e l d o m  a n d  p a s s  num a r e  z e r o e d  a t  i n i t  
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

s e u d o c o d e :  

d c  - h n d l r :  
s a v e  r e g s ;  
t e m p  = p i a  c s r a ;  
i f  ( t e m p  A ~ D  b i t  6 <> 0 )  

t h e n  c a l l  k n o c k  down; 
i f  ( t e m p  AND b y t  7  <y 0 )  

t h e n  do; 
d e c r  pwm mod t i m e r ;  
i f  (pwm G o d  - T i m e r  = 0 )  

t hen-do; 
pwm mod t i m e r  = 25; 
pwm-m - - f i g  = 1; 

end;  
c a  L 1 s c a n  k y b d ;  
i f  ( s e t t l e  t i m e  = 0 )  

t h e n  do; 
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i f  ( d a t a s e t  - r e a d y  - f l a g  = 0 )  
t h e n  do; 

"OFTEN READS" 

n e x t  o f t e n  = 0; - 
d o  w F i l e  n e x t  o f t e n  <= num - o f  - o f t Z e n  reads ;  

s e l e c t  t h g  o f t e n  - r e a d  mux c h a n n e l ;  
adc  l o  = 0; t o  s t a r t  c o n v e r s '  
i f  T n e x t  o f t e n  = 0 )  

e l s e  20; 
r e a r r a n g e  adc  v a  l u e ;  
i f  ( a d c  - va lue -<  0 )  t h e n  remove  s i g n  b e  

c o m p l e m e n t  t h e  v a l u e ;  
o f t e n  - r e a d ~ e n t r ~ .  - num, ( n e x t  o f t e n - 1 ) * 3 ;  

a d c  - value: 
end; 

do  w h i l e  ( a d c  - l o  AND a d c  n o t  b u s y  = 0); 
end; p o  1  1  T o r  c o n v e r s i o n  compl 

adc  - v a l u e  = adc  - h i : a d c  - l o ;  
n e x t  - o f t e n  = n e x t  - o f t e n  + 1; 

end; 
r e a r r a n g e  adc  v a l u e ;  
o f t e n  - r e a d C e n T r y  - num,(next - o f t e n - 1  ) * 3 2 3  = adc  - v; 

"SELDOM R E A D S "  

i f  ( n e x t  s e l d o m  > num - o f  - s e l d o m  r e a d s )  - 
t h e n  T e x t  s e l d o m  = 0; 
e l s e  n e x t - s e l d o m  = n e x t  s e l d o m  + 1; 

s e l e c t  s e l d o m  - r e a d  mux chaEne1; 
a d c  l o  = 0; t o  s t a r t  c o n v e r s i o n  
i f  T p a s s  num >= max - p a s s  - num) 

t h e n  30; 
d a t a s e t  - r e a d y  - f l a g  = 1; 
pass-num = 0; 
e n t r y  - num = 0; 

end; 
e l s e  do; 

pass-num = p a s s  num + 1; 
e n t r y  - num = e n t T y  - num + 1; 

end; 
d o  w h i l e  ( a d c  - l o  AND a d c  n o t  b u s y  = 0) ;  

end; po l l  T o r  c o n v e r s i o n  comp 
s e l d o m  - r e a d C n e x t  - s e l d o m 3  = r e a r r a n g e d  adc; 

end; 
end; 
e l s e  s e t t l e  - t i m e  = s e t t l e  t i m e  - 1; 

t h i s  i s  T h e  s e t t l e  t i m e  t k a t  i s  s e t  
when t h e  PWM v a l u e - h a s  b e e n  changed.  
A v a l u e  o f  5 f o r  s e t t l e  t i m e  w i l l  
s u p p r e s s  a n y  c u r r e n t  m e a s u r e m e n t s  f o r  
2 0  msec 

if ( ( o n e  s e c  f l a g  = 0) AND ( o n e  - s e c  - t i m e r  = 0 ) )  
t h e n  o n e  s e c  t i m e r  = 250; 
e l s e  i f  Tone-sec - - f l a g  = 0 )  
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t h e n  do; 
d e c r  one-sec - t i m e r ;  
if ( o n e  - s e e  - t i m e r  = 0 )  t h e n  o n e  - s e c  - f l a g  = 1; 

end;  
if ( ( a l a r m  3 0  AND i n h i b i t  - b i t  <> 0 )  AND ( a l a r m  3 0  AND p a n i c < >  0) - 

t h e n  i n x i b i t  = 1; 
e l s e  i n h i b i t  = 0; 

if ( a l a r m  3 0  AND p a n i c  = 0 )  
t h e n  c a l l  k n o c k  - down; 

end; 
u n s a v e  r e g s ;  

e n d  a d c  - h n d l r ;  

- k n o c k  down:  
s t o c  L e d s  = L e d  o u t  l a t c h  = s t o w  L e d s  AND $03 ;  
u s e r - t d  r e q  = i n h i b i t  = a r r a y  - s e T ~  = a r r a y  - s e t 2  = 0; 
s t r o F e  i a t c h d o g  t i m e r ;  

e n d  - k n o c k  down; - 
... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
; T h i s  r o u t i n e  i s  t h e  " m a i n "  r o u t i n e  t h a t  c a l l s  a l l  o f  t h e  r o u t i n e s  t h a t  
; d e a l  w i t h  t h e  e l e m e n t s  o f  c a l c u l a t i n g  t h e  s t a t e  o f  c h a r g e  o f  t h e  b a t t e r y .  
; I t  i s  f u l l y  e x e c u t e d  o n l y  when  t h e  d a t a s e t  r e a d y  f l a g  i s  s e t .  When a l l  o f  
; t h e s e  c a l c u l a t i o n s  a r e  c o m p l e t e ,  t h i s  r o u t i n e  a s s i g n s  a  new v a l u e  t o  
; b a t  V  t i m i t :  - - ... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

P s e u d o c o d e :  

b a t t e r y  - s t a t e  - o f  - c h g :  
s a v e  r e g s ;  
c a l l  c a l c  s y s  v o l t s ;  
c a l l  c a t c - s t a T e  - o f  - chg; 
c a t  t  c a t c - e q u a l  c o u n t ;  
i f  ( s t a t e - o f  c h g  < 1 )  O R  ( e q u a l  - c o u n t  > O )  

t h e n  F a t - v  - - L i m i t  = e q u a l  V; 
e l s e  b a t  - V - l i m i t  = f l o a t - V ;  - 

u n s a v e  r e g s ;  
e n d  b a t t e r y  - s t a t e  - o f  - c h a r g e ;  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
; T h i s  r o u t i n e  t a k e s  t h e  v a l u e  o f  b a t  temp, s h i f t s  i t  r i g h t  b y  4  s u b t r a c t s  
; $ D  a n d  u s e s  t h e  r e s u l t  a s  a n  i n d e x  i n t o  t h e  e a c h  o f  t h r e e  t a b l e s .  T h e  
; f i r s t  o n e  i s  t h e  f b o a t  v o l t a g e  t a b l e ,  t h e  s e c o n d  o n e  i s  t h e  e q u a l i z a t i o n  
; v o l t a g e  t a b l e  a n d  t h e  l a s t  i s  t h e  m i n i m u m  v o l t a g e  t a b l e .  T h i s  t e c h n i q u e  
: g r e a t l y  r e d u c e s  t h e  e x e c u t i o n  t i m e  a n d  s i m p l i f i e s  t h e  s o f t w a r e .  
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

:aLc-sys  - v o l t s :  
s a v e  r e g s ;  
i n d e x  = b a t  t e m p  >> 4; 
i n d e x  = i n d e x  - $D; 
i f  ( i n d e x  < 0) 
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U 

e n d  c  

t h e n  i n d e x  = 0; 
n d e x  = i n d e x  * 2; 
L o a t  V = f l o a t  t a b \ e C i n d e x J ;  
f ( f T o a t  V  > a 6 s  - max b a t  V )  

t h e n  F l o a t  V = a b s  ma: b a t  - V; 
q u a L  V = e q u a i  t a b l e ~ r n d e T 1 ;  
f ( e 6 u a l  V  > a F s  - max b a t  V) 

t h e n  ;qua1 V = a b s  ma? b a t  V; 
i n  b a t  V = mi; b a t  ta' i ; leCrndeF3; 
f T m i n - b a t  V <-abs-min - b a t  V )  

the: mi; - b a t  - v = a b s  - mi; - b a t  - V; 
n s a v e  r e g s ;  
a l c  - s y s  - v o l t s ;  

T h e  f o l l o w i n g  a r e  t h e  L o o k u p  t a b l e s  f o r  f l o a t  - v o l t s ,  e q u a l  - v o l t s  a n d  
m i n  - b a t  - v o l t s  f o r  t h e  e q u a t i o n :  

v a l u e  = b a s e  - v o l t a g e / c e l l  * nurn o f  b a t  c e l l s  * 
(1 + -0622-*  (70.92 * ( V t  - 2 . 5 6 1 ) )  

w h e r e  b a s e  - v o l t a g e / c e l l  = 2.4 f o r  f l o a t  V 
= 2.7 f o r  e q u a l L v  
= 1.9 f o r  r n i n  - b$t - V 

I n  o r d e r  t o  f i n d  t h e  i n d e x  t o  a  v a l u e  i n  t h e  t a b l e ,  t a k e  t h e  r a w  A / D  
v a l u e  f o r  V t ,  s h i f t  r i g h t  4  b i t s  a n d  s u b t r a c t  $ O D .  

NOTICE: Vt, a s  shown  b e l o w ,  i s  r e p r e s e n t e d  i n  " r e a l  v o l t s "  f o r m a t ,  i . e ,  
t h e  n u m b e r  r e p r e s e n t s  t h e  n u m b e r  o f  1 / 1 0 0 0 ~ s  o f  v o l t s .  To  c o n v e r t  t h i s  
v a l u e  t o  w h a t  i s  a c t u a l l y  s t o r e d  i n  memory, i t  m u s t  b e  d i v i d e d  b y  4. 

FLOAT VOLTAGE TABLE 

t e m p  i n d e x  V t  h e x  v a l u e  d e c  v a l u e  

6 1  d e g  C 
6 0  d e g  C 
5 8  d e g  C 
5 7  d e g  C 
5 6  d e g  C 
5 4  d e g  C 
53  d e g  C 
5 2  d e g  C 
5 0  d e g  C 
4 9  d e g  C 
4 8  d e g  C 
4 6  d e g  C 
4 5  d e g  C 
44 d c g  C 
4 2  d e g  C 
4 1  d e g  C 
4 0  d e g  C 
3 8  d e g  C 
3 7  d e g  C 
3 6  d e g  C 
3 4  d e g  C 
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33  deg C 
3 2  deg C 
3 0  deg C 
2 9  deg C 
28 deg C 
26  deg C 
25 deg C 
24  deg C 
22 deg C 
21  deg C 
20 deg C 
1 8  deg C 
1 7  deg C 
1 6  deg C 
1 4  deg C 
1 3  deg C 
12  deg C 
1 0  deg C 

9 deg C 
8 deg C 
6 deg C 
5 deg C.  
4 deg C 
2 deg C 
1 deg C 

-0  deg C 
-2 deg C 
-3 deg C 
-4 deg C 
-6 deg C 
-7  deg C 
-8 deg C 

-10 deg C 

880  
8CO 
900  
940  
980  
9CO 
A0 0 
A40 
A80 
A C O  
BOO 
B40 
880 
BCO 
c o o  
C40 
C80 
c c o  
DO0 
D40 
D80 
D C O  
EOO 
E4 0 
E80 
E C O  
F O O  
F40 
F80 
F C O  
1000  
1040  
1080  

L o a t  t a b l e :  - 
.word $012A, $0128, $012C, SOlZD, $012E, $ 0 1 2 ~ ,  $ 0 1 2 ~ ,  $0130 
.word  $0131, $0132, $0133, $0134, $0135, $0136, $0137, $0138 
.word $0139, $013A, $0138, $013C, f013D, $ 0 1 3 ~ ,  $013F, $0140 
.word $0141, $0142, $0143, $0144, $0144, $0145, $0146, $0147 
.word $0148, $0149, $014A, $0148, $014C, $014D, $ 0 1 4 ~ ,  $ 0 1 4 ~  
.word $0150, $0151, $0152, $0153, $0154, $0155, $0156, $0157 
.word  50158, $0158, $0159, $015A, %015B, S015C 

EQUALIZATION VOLTAGE TABLE 

temp i n d e x  ' V t  hex v a l u e  d e c  v a l u e  

6 1  deg  C 
60  deg  C 
58  deg  C 
5 7  deg  C 
56  deg C 
54 deg C 
53 deg C 
52  deg C 
5 0  deg C 
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49 deg C 09 
48  deg C 0  A 
46 deg C 08 
45 deg C OC 
44 deg C OD 
42  deg C OE 
41  deg C O F  
40 deg C 1 0  
3 8 = a e g  C 11 
3 7  deg C 12  
3 6  deg C 13 
3 4  deg C 14 
3 3  deg C 15 
3 2  deg C 1 6  
3 0  deg C 17  
2 9  deg C 18  
28 deg C 1 9  
26  deg C 1 A 
25 deg C 1 B  
2 4  deg C I C 
22 deg C 1 D 
21  deg C 1 E 
20 deg C 1  F 
1 8  deg C 20 
1 7  deg C 2  1 
1 6  deg C 22 
1 4  deg C 23 
1 3  deg C 24 
1 2  deg C 25 
1 0  deg C 26 

9  deg C 27 
8  deg C 28 
6  deg C 29 
5  deg C 2A 
4  deg C 28 
2  deg C 2C 
1  deg C 2D 

-0  deg C 2E 
-2 deg C 2  F 
-3 deg C 3 0  
-4  deg C 3 1  
-6 deg C 32  
-7  deg C 33 
-8 deg C 3 4  

-10 deg C 
- 

35 

e q u a l  - t a b l e :  

,word $0136, 
.word $013E, 
.word $0146, 
.word  $014E, 
.word $0156, 
.word $015E, 
.word $0166, 

580 
5CO 
600 - 
640 
680 
6CO 
700 
740  
780 
7CO 
800 
840 
880 
8CO 
900 
940  
980 
9CO 
A00 
A40 
A80 
A C O  
BOO 
840 
B80 
BCO 
C O O  
C40 
C80 
c c o  
DO0 
D40 
D80 
D C O  
EO 0  
E4 0  
E80 
E C O  
FOO 
F40 
F80 
F C O  
1000  
1040  
1080  
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M I N I M U M  BATTERY VOLTAGE TABLE 

temp i n d e x  V t  hex- v a l u e  dec  v a l u e  

6 1  deg C 
60 deg  C 
58 deg C 
57  deg C 
56  deg  C 
54 deg  C 
53 deg C 
52 deg C 
50 deg C 
49  deg  C 
48  deg  C 
46  deg C 
45 deg C 
44  deg C 
42 deg C 
41  deg C 
40  deg  C 
3 8  deg  C 
3 7  deg C 
3 6  deg C 
3 4  deg C 
33  deg C 
3 2  deg  C 
3 0  deg C 
29  deg C 
28  deg  C 
26 deg C 
25 deg C 
24  deg  C 
22  deg C 
21  deg C 
2 0  deg  C 
1 8  deg  C 
1 7  deg C 
1 6  deg C 
1 4  deg C 
1 3  deg C 
1 2  deg C 
1 0  deg  C 

9 deg  C 
8  deg  C 
6 deg  C 
5  d e g  C 
4  d e g  C 
2 d e g  C 
1 deg  C 

- 0  d e g  C 
I -2  deg  C 

-3 deg C 
-4  deg C 
- 6  d e g  C 
-7 deg  C 

340  
380  
3  C 0  
400 
440 
480 
4CO 
500 
540 
580 
5CO 
600 
640 
680 
6CO 
700 
740 
780 
7CO 
800 
840 
880 
8CO 
900 
940 
980 
9CO 
A00 
A40 
A80 
A C O  
BOO 
840 
880 
BCO 
C O O  
C40 
C80 
C C O  
DO0 
D40 
080 
D C O  
EOO 
E4 0  
E80 
ECO 
F O O  
F4 0  
F80 
FCO 
1000  

OOE C 
O O E C  
O O E D  
OOE E 
OOE F 
OOE F 
O O F O  
O O F l  
OOF2 
00 F2 
00  F3 
OOF4 
00  F 5  
OOF5 
OOF6 
OOF7 
OOF8 
OOF8 
OOF9 
O O F A  
OOFB 
OOFB 
00 F C 
O O F D  
00 F E 
O O F E  
O O F F  
01 00 
01 01 
01 02 
01 02 
01  03 
01 04  
01 05 
01 05 
01 06  
01  07 
01 08  
01  08 
01  09  
01  O A  
01 OB 
01  OB 
01  O C  
01  O D  
01  OE 
01  OE 
010F 
0110  
0111  
01 1 1  
0 1  1 2  
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-8 d e g  C 3 4  1 0 4 0  0 1  1 3  110.2 
- 1 0  d e g  C 3 5  1 0 8 0  0 1 1 4  110.5 

m i n  b a t  t a b l e :  - - 

; T h i s  r o u t i n e  i s  c a l l e d  t o  c a l c u l a t e  t h e  r u n n i n g  "sum o f  c o u l o m b s "  w h i c  
; t h e  b a t t e r y  s t a t e  o f  c h a r g e .  T h e  b a s i c  a l g o r i t h m  c a l l s  f o r  t h e  f o l l o w  
; c a l c u l a t i o n  t o  b e  p e r f o r m e d :  
I 

I s t a t e  - o f  - c h g  = s t a t e - o f - c h g  + ( b a t t e r y  - I * i s c a l  / b a t t e r y  - c a p )  
I 

; The  b a s i c  p r o b l e m  h e r e  i s  d e a l i n g  w i t h  t h e  e x t r e m e l y  l a r g e  r a n g e  o f  t h l  
; n u m b e r s  i n v o l v e d .  S t a t e - o f - c h g  i s  s t o r e d  a s  a  4 0  b i t  n u m b e r  w i t h  a  
; maximum v a l u e  o f  1. ( f o l l o w e d  b y  3 9  z e r o s ) .    or v a l u e s  o f  i s c a l  a n d  
; b a t t e r y  c a p a c i t y  o f  1 / 4 5 0 0 0  a n d  400, r e s p e c t i v e l y ,  a n d  b a t t e r y  - I s t o r e ,  
; t h e  fo rm,  xxx.x,  t h i s  e q u a t i o n  r e d u c e s  t o :  
I 

I s t a t e - o f  - c h g  = s t a t e - o f - c h a r g e  + ( 5 5 5  * b a t t e r y  - I * ( l o ) ^ - 1 1 )  . 
I 

; I f ,  f o r  t h e  p u r p o s e s  o f  c a l c u l a t i o n ,  we make t h e  b i n a r y  p o i n t  r i g h t  j u !  
; b y  m u l t i p l y i n g  t h r u  b y  ( 2 ) - 3 9 ,  t h e  e q u a t i o n  becomes :  
I 

; (5.49  * ( 1 0 ) ^ 1 1 )  * s t a t e  o f  c h g  = 
I (5,49-* ( 1 0 ) ^ 1 1 )  * s t a t e  o f  c h g  + 
I ( 5 .49  * ( 1 0 ) ^ 1 1 )  * (555-* b a t t e r y  - I * ( l o ) ^ - 1  
I 

; W h i c h  r e d u c e s  f u r t h e r ,  i n  g e n e r a l ,  t o :  
I 

; (5.49  * ( 1 0 ) ^ 1 1 )  * s t a t e  o f  c h g  = - - 
I ( 5 .49  * ( 1 0 ) ^ 1 1 )  * s t a t e  o f  c h g  + 
I ( i s c a l  - b a t  - c a p  * - b a F t e r y  - I) 
I 

; Hence, t o  c a l c u l a t e  a  new v a l u e  o f  s t a t e  o f  chg, m u l t i p l y  b a t t e r y  - I b y  
; p a r a m e t e r i z e d  v a l u e ,  i s c a l  b a t  c a p ,  w h i c x  is e q u a l  t o :  
I 5.49 * 10^10 - *  i s c a l  * l / b a t  cap .  
; a n d  a d d  ( o r  s u b t r a c t )  t h e  r e s u l t  t o  ( o r  from) t h e  r u n n i n g  4 0  b i t  v a l u e  
; s t a t e  o f  chg .  ' - - - 
I 

; To r e a d  t h e  v a l u e  o f  soc, m e n t a l l y  move t h e  b i n a r y  p o i n t  L e f t  t o  t h e  o r  
; p o s t - t i o n  ( i . e .  d i v i d e  b y  ( 2 1 - 3 9 )  a n d  r e a d  t h e  v a l u e .  - - 
I 

; If t h e  b a t t e r y  i s  c h a r g i n g ,  i . e .  t h e  n e t  c u r r e n t  i s  f l o w i n g  INTO t h e  b a  
; t h e  b a t t e r y  c u r r e n t  i s  m u l t i p l i e d  b y  t h e  c o u l o m b i c  e f f i c i e n c y  w h i c h  i s  
; f u n c t i o n  o f  t h e  s t a t e  o f  c h g  a s  f o l l o w s :  - - 
I 

I S t a t e  - o f  - c h g  c o u l o m b i c  e f f  - 
I d e c i m a l  b i n a r y  d e c i m a l  b i n a r y  
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P s e u d o c o d e :  

c a l c  - s t a t e  - o f  - c h g :  
s a v e  r e g s ;  
i f  ( b a t t e r y  - I > O )  

t h e n  do: 
i f  ( s t a t e  o f  c h g  >=  s o c  - b r k l )  

t h e n  c o ~ l o ~ b i c  e f f  = c o u l  - e f f l ;  
e l s e  i f  ( ( s t a t e  - o f  - c h g  >= s o c  b r k 2 )  

A N D  ( s t a t e  'i;f c h a r g e  < s o c  b r k l ) )  - 
t h e n  c o u l o m b i c  e f f  = c o u l  Gff?; - 
e l s e  i f  ( ( s t a t e  - o f  c h g  >= s o c  b r k 3 )  

ANT ( s t a t e  o f - c h a r g e  < s o c  - b r k 2 ) )  
t h e n  c o u l o m b i c  e f f  = c o u i  e- f f3 ;  - 
e l s e  c o u l o m b i c - e f f  = 1.0: 

b a t t e r y  - I = b a t t e r y  - f * c o u t & m b i c  - e f f ;  
end; 

s t a t e  o f  c h g  = s t a t e - o f - c h g  + ( b a t t e r y  - I * i s c a l  - b a t  - cap ) ;  s e e  a b o v e  
i f  (sTat- i ;  o f  c h g  > 1) 

t h e n  X t a T e  o f  c h g  = 1; 
i f  ( s t a t e  o f  cKg  7 0 )  

t h e n  Z t a T e  - o f  - c h g  = 0; 
u n s a v e  r e g s ;  

e n d  c a l c - s t a t e  - o f  - chg; 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
: T h i s  r o u t i n e  i s  c a l l e d  t o  c a l c u l a t e  a  r u n n i n g  t o t a l  o f  e q u a l i z a t i o n  c o u n t s .  
: F o r  d e t a i l s  a b o u t  d e a l i n g  w i t h  t h e  L a r g e  ( 4 0  b i t s ! )  e q u a l i z a t i o n  c o u n t ,  
: s e e  c a l c  s t a t e  o f  c h g .  
: S i n c e  t h F r e  w a s  o c h  f r a c  t o  d e a l  w i t h ,  a  s e c t i o n  o f  t h e  c o d e  f o r  t h i s  
: r o u t i n e  i s  a  " h a r d w r r e d "  m u l t i p l y  r o u t i n e  s o  t h a t  i t  w o u t d n t t  b e  n e c e s s a r y  
: t o  u s e  t h e  L o n g  1 6  b y  1 6  m u l t i p l y  r o u t i n e .  I t  i s  assumed,  i n  o r d e r  t o  make 
: t h i s  r o u t i n e  a s  f a s t  a s  p o s s i b l e ,  t h a t  t h e  f r a c t i o n  i s  o n l y  7 b i t s  l o n g ,  
' a n d  t h a t  i t  i s  l e f t  j u s t i f i e d  w i t h  t h e  b i n a r y  p o i n t  a t  t h e  l e f t  end, l i k e  
L a  f r a c t i o n  s h o u l d  be .  I n  o r d e r  t o  m i n i m i z e  t h e  c o d e  a n d  t h e  r e q u i r e m e n t  

f o r  a d d i t i o n a l  z e r o  p a g e  s t o r a g e  L o c a t i o n s  f o r  t h e  i n t e r i m  s o l u t i o n s ,  some 
o f  t h e  v a r i a b l e  l o c a t i o n s  u s e d  i n  mp m u t t  a r e  a l s o  u s e d  h e r e ,  a s  shown  b e l c  - 

t e m p  - o c h  f r a c  - 
/ 

1 i s c a l  b a t  - c a p  I b a t  m u t t 2  
- 1  

- 1 / I 
1 I I I I I I 1 
1 I I I I I I I I 
I m u t t 1  I m u t t 2  I p r o d u c t  I 

The  p r o d u c t  o f  b a t  m u t t 2  * o c h  f r a c  i s  s h i f t e d  a s  i t  i s  m u l t i p l i e d ,  i n t o  
t h e  t w o  b y t e s  occu' f ; ied b y  m u l t z .  Temp o c h  f r a c  i s  o v e r w r i t t e n .  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

I s e u d o c o d e :  
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c a l c - e q u a l  - c o u n t :  
s a v e  r e g s ;  
i f  ( b a t t e r y - I  < 0 )  * 

t h e n  do; 
t e m p  = ( b a t t e r y  I * o c h  f r a c ) / 2 5 6 ;  
e q u a l  - c o u n t  = e 6 u a l - c o u E t  + ( t e m p  * i s c a l - b a t  -- - cap) ;  

end; - 

- - - i f  ( s t a t e  o f  c h g  >= 1) 
equa'i- c o u n t  = e q u a l  - c o u n t  - ( b a t t e r y  - I * i s c a l  - b a t  - c a p )  

t h e n  s t a t e  o f  c h g  = 1; 
i f  ( e q u a l  c o u n T  <-01 . 

t h e n  e q u a l  c o u n t  = 0; 
i f  ( e q u a l  - c o u n T  > max - e q u a l  - c o u n t )  

t h e n  e q u a l  - c o u n t  = m a x - e q u a l  - c o u n t ;  
u n s a v e  r e g s ;  

e n d  c a l c  - e q u a l  - c o u n t ;  

....................................................................... 
; T h i s  r o u t i n e  c o r r e c t s  t h e  c u r r e n t  s t a t e  - o f  - c h g  v a l u e  f o r  b a t t e r y  
; t e m p e r a t u r e .  
....................................................................... 

P s e u d o c o d e :  

c o r r e c t - s t a t e  - o f  - c h g :  
s a v e  r e g s ;  
if ( ( a b s  b a t t e r y  - V  >= - 9 9  * e q u a l - V )  O R  ( s t a t e  - o f  - c h g  > s o c  - t o p  

then-do ;  
s t a t e  o f  c h g  = s t a t e  o f  c h g  + -01 ;  
if ( s t a t F  - o f  - c h g  > 1:0)-then s t a t e  - o f  - c h g  = 1.0; 

end; 
i f  ( a b s  b a t t e r y  - V  < min  - b a t  - V) 

the; do; 
s t a t e  o f  c h g  = s t a t e  o f  c h g  - -01; 
if (sta t ;  - o f  - c h g  < 0 7  t r e n  s t a t e  - o f  - c h g  = 0; 

end; 
i n d e x  = ( b a t  t e m p  >> 4 )  - $D; 
i f  ( i n d e x  < 8 )  

t h e n  i n d e x  = 0; 
c s t a t e - o f  - c h g  = s t a t e  - o f  - c h g  * c s o c  - t a b l e C i n d e x 3 ;  
u n s a v e  r e g s ;  

e n d  c o r r e c t  - s t a t e  - o f  - chg; 

T h e  f o l l o w i n g  a r e  t h e  l o o k u p  t a b l e  f o r  t h e  v a l u e s  i n  t h e  e x p r e s s i o n :  
- 

v a l u e  = (1 + c o e f f  * (20 .92  * ( V t  - 2 . 5 6 ) ) )  

w h e r e  c o e f f  = - 0 0 2 2  f o r  t e m p e r a t - u r e s  > 25  d e g  I 
= - 0 0 7 5  f o r  t e m p e r a t - u r e s  < 2 5  d e g  ( 

I n  o r d e r  t o  f i n d  t h e  i n d e x  t o  a  v a l u e  i n  t h e  t a b l e ,  t a k e  t h e  r a w  A / D  
v a l u e  f o r  Vt,  s h i f t  r i g h t  4 b i t s  a n d  s u b t r a c t  $ O D .  

NOTICE 1: The  v a l u e  s t o r e d  i n  t h e  t a b l e  i s  a s s u m e d  t o  h a v e  a  h e x a d e c i m z  
p o i n t  i n  t h e  c e n t e r  o f  t h e  word, e.g. $ 0 1 1 2  c o r r e s p o n d s  t o  $1.12 
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JOTICE 2 :  V t ,  a s  shown be low,  i s  r e p r e s e n t e d  i n  " r e a l  v o l t s "  f o r m a t ,  i , e .  
t h e  number  r e p r e s e n t s  t h e  number o f  1 / 1 0 0 0 ~  o f  v o l t s .  To c o n v e r t  t h i s  
~ a l u e  t o  wha t  i s  a c t u a l l y  s t o r e d - i n  memory, i t  m u s t  b e  d i v i d e d  b y  4. 

CORRECT STATE O F  CHARGE TABLE 

temp i n d e x  V t  hex v a l u e  p e r c e n t  

6 1  d e g  C 
6 0  d e g  C 
5 8  d e g  C 
5 7  d e g  C 
5 6  d e g  C 
5 4  d e g  C 
53 d e g  C 
5 2  d e g  C 
5 0  d e g  C 
4 9  d e g  C 
48  d e g  C 
4 6  deg  C 
45  d e g  C 
4 4  d e g  C 
4 2  d e g  C 
4 1  deg  C 
4 0  d e g  C 
3 8  d e g  C 
3 7  d e g  C 
3 6  d e g  C 
3 4  d e g  C 
3 3  deg  C 
3 2  d e g  C 
3 0  deg  C 
2 9  d e g  C 
2 8  d e g  C 
2 6  d e g  C 
25  deg  C 
2 4  d e g  C 
2 2  d e g  C 
2 1  d e g  C 
2 0  d e g  C 
1 8  d e g  C 
1 7  d e g  C 
1 6  d e g  C 
1 4  d e g  C 
1 3  d e g  C 
1 2  d e g  C 
1 0  d e g  C 

9  d e g  C 
8 d e g  C 
6  d e g  C 
5 d e g  C 
4 d e g  C 
2 d e g  C 
1 d e g  C 

3 4 0  
3 8 0  
3  C 0  
400 
440  
480  
4CO 
500  
540  
580  
5CO 
6 0 0  
640  
680  
6CO 
7 0 0  
7 4 0  
7 8 0  
7CO 
8 0 0  
840  
880  
8CO 
900  
9 4 0  
9 8 0  
9CO 
A00 
A4 0  
A80 
A C O  
BOO 
8 4 0  
8 8 0  
BCO 
C O O  
C40 
C80 
c c o  
DO0 
D40 
080 
D C O  
EO 0 
E40 
E80 

0 1 1 4  
0 1  1 3  
0 1 1 2  
0 1 1 2  
0 1 1 1  
0 1  1 0  
O l O F  
O l O F  
0 1  O E  
0 1  O D  
0 1  O C  
O l O C  
0 1  OB 
0 1  O A  
0 1  0 9  
0 1  0 9  
0 1  0 8  
0 1  0 7  
0 1  0 6  
0 1  0 6  
0105  
0 1  04 
0 1  03 
0 1  03 
0 1  0 2  
0 1  0 1  
0 1  0 0  
0 1  0 0  
0 0  F D 
O O F A  
0 0  F 8  
OOF5 
0 0  F3 
O O F O  
O O E  E 
OOEB 
00E8 
00E6 
00E3 
OOEl 
OODE 
O O D C  
00D9 
OOD6 
0 0 0 4  
O O D l  
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- 0  d e g  C 
-2 d e g  C 
-3 d e g  C 
- 4  d e g  C 
- 6  d e g  C 
- 7  d e g  C 
-8 d e g  C 

- 1 0  d e g  C 

ECO 
FO 0  
F40  
F80  ' 
FCO 
1 0 0 0  
1 0 4 0  
1 0 8 0  

OOC F 
o o c c  
OOCA 
OOC7 
OOC4 
o o c 2  
OOB F  
OOBD 

- - - 
c s o c  t a b l e :  - 

; T h i s  r o u t i n e ,  c a l l e d  o n c e  p e r  second ,  p e r f o r m s  t h e  a c t u a l  c o n t r o l  o f  t 
; l o a d s  c o n n e c t e d  t o  t h e  s y s t e m ,  a s  d e t e r m i n e d  b y  t h e  s t a t e  v a r i a b l e s  
; p r o d  mask  ( c r e a t e d  b y  d e t e r m i n e  mach  s t a t e ) ,  u s e r  I d  r e q  ( s e t  b y  t h e  u  
; f r o m - t h e  t e r m i n a l  o r  k e y p a d ) ,  a n d  o v e r l d  t r i p  ( s e t  b y  c h k  f o r  o v e r l d ) .  
; D e p e n d i n g  u p o n  t h e  s t a t e  o f  c h a r g e  o f  t h e  b a t t e r y  ( a s  i n d T c a t Q d  i n  
; c s t a t e  o f  chg ) ,  v a r i o u s  l o a d s  a r e  t u r n e d  o n  o r  o f f  s o  a s  t o  m a x i m i z e  
; b a t t e r y  l f f e .  I n  a d d i t i o n ,  v a r i o u s  w a r n i n g  i n d i c a t o r s  (RED a n d  YELLOW 
; LEDs, a n d  t h e  Low B a t t e r y  i n d i c a t i o n  o n  t h e  LCD D i s p l a y )  a r e  t u r n e d  o n  
; o r  o f f  t o  a l e r t  t h e  o p e r a t o r  t o  u n u s u a l  o r  d a n g e r o u s  c o n d i t i o n s .  
. ....................................................................... 

P s e u d o c o d e :  

s h e d  - r e s t o r  l o a d s :  - 
s a v e  r e g s ;  
i f  ( ( h o u r s  >= #SO81 AND ( h o u r s  < # $ I 2 1  AND 

( t o t a l  c h g r  I > ( 5 . 1 2  * 0.1 * *num L o a d  s t r i n g s ) ) )  - 
t h e n  d e l t a m =  # d e l t a  - soc ;  / *  d e l t a  s o c  = 0.1 * /  - 
e l s e  d e l t a  = 0; 

j = s t o w  Leds; 
d o  i = 4 - t o  0  s t e p  -1; 

if ( ( c s t a t e  o f  c h g  + d e l t a )  < s h e d  t h r e s h C i 1 )  - - - 
t h e n  do; 

j = j AND s h e d  msk t b l f i l ;  
i g n o r e  t h e  n e x F  s t z t e m e n t  a n d  c o n t i n u e  Loop; 

- end; 
i f  ( ( c s t a t e  o f  c h g  + d e l t a )  >= r e s t o r  t h r e s h C i 3 )  - 

j =-j ER r e s t o r  - msk - t b l f i l ;  
- e  n d  ; - 

j = ( j  OR # l d 6  o n )  AND p r o d  mask) ;  
if ( ( j  & r e s t o T  msk t b l t 4 3 ) - < >  0 )  

t h e n  j = j AND a y l e d  o f f ;  
e l s e  j = j O R  # y l e d  zn; 

i f  ((j A N D  r e s t o r  msk ~ ~ L C O I )  <> 0 )  
t h e n  j = j ANT # r i e d  o f f ;  - 
e l s e  do; 
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! j = j O R  # r l e d  on; 
j = j AND # y l e >  - o f f ;  

end; 
s r  - t e m p  = j; 

I j = u s e r - l d - r e q  O R  # l e d s  on; - 
s r  t e m p  = s r  t e m p  AND j; 
i f W ( ( s r  tempe& # r l e d  o n )  <> 0) 

the; a l a r m  f l a g s - =  a l a r m  f l a g s  O R  # e n a b l e  L o b a t ;  
e l s e  a l a r m - f l a g s  = a l a r m - f l a g s  - AND # d i s a b T e  - l o b a t ;  

i f  ( o v r L d  t r i p - < >  0) 
t h e n  20; 

j = s r  t e m p  AND ' o v r L d  t r i p ;  
s t o w  - l e d s  = j ( # r l e d  - on ;  

end;  
e l s e  s t o w  l e d s  = s r  temp; 

l e d  - o u t  - l a t c h - =  s t o w  - l e a s ;  
u n s a v e  r e g s ;  

e n d  s h e d  - r e s t o r  - Loads ;  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
; T h i s  r o u t i n e ,  c a l l e d  e v e r y  second,  c h e c k s  t h e  c u r r e n t s  i n  t h e  5 l o a d  
; s t r i n g s  a n d  i f  a  c u r r e n t  e x c e e d s  a  l i m i t  f o r  m o r e  t h a n  a  c e r t a i n  n u m b e r  
; o f  t i m e s  ( t h i s  " c o u n t "  b e i n g  l o a d  s p e c i f i c ) ,  t h e  b i t  c o r r e s p o n d i n g  t o  
: t h e  l o a d  n u m b e r  t h a t  h a s  s u f f e r e d  t h e  o v e r l o a d  i s  s e t  i n  t h e  o v r l d  t r i p  
: mask, a n d  t h e  l o a d  i s  i m m e d i a t e l y  t u r n e d  o f f  ( a s  o p p o s e d  t o  w a i t i n g  f o r  
: t h e  n e x t  e x e c u t i o n  o f  t h e  s h e d / r e s t o r e  L o a d  r o u t i n e ) .  
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

' s e u d o c o d e :  

h k  - f o r  o v r l d :  - 
s a v e  r e g s ;  
d o  i = 4 t o  0 s t e p  -1; 

i f  ( b u s  - a m p s C i 3  < 0 )  
t h e n  s r  t e m p  = - b u s  ampsCi3 ;  
e l s e  s r - t emp  = b u s  a ~ p s C i 3 ;  

i f  ( s r  temp-> o v r l d  - t h y e s h f i l )  
t h y n  do; 

o v r L d  c n t E i 3  = o v r l d  c n t C i 3  - 1; 
i f  ( o v r l d  c n t C i 3  = 0 7  

t h e n  z v r l d  - t r i p  = o v r l d  - t r i p  O R  o v r l d  - t r i p  - mskC i3 ;  
end;  
e l s e  o v r l d  - c n t C i 3  = o v r L d  - c n t  rnaxCi3; - 

end; 
i f  ( o v r l d  t r i p  <> 0 )  

t h e n  30; . 
s t o w  l e d s  = s t o w  l e d s  AND ' o v r l d  t r i p ;  
s t o w - l e d s  = s t o w - l e d s  - O R  # r l e d  - OF; 
l e d  o u t  L a t c h  = s t o w  l e d s ;  
aLa7m - f i a g s  = a l a r m  - i l a g s  O R  # e n a b l e  - b e l l ;  

end; 
u n s a v e  r e g s ;  

e n d  c h k  -- f o r  - o v r L d ;  

.......................................................................... 
The  f u n c t i o n  o f  t h i s  r o u t i n e  i s  t o  d e t e r m i n e  i f  m o r e  o r  l e s s  a r r a y  b r a n c h e s  
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; s h o u l d  b e  c o n n e c t e d .  T h i s  r o u t i n e  i s  e n t e r e d  e v e r y  t i m e  t h e  o n e  s e c  f 
; i s  s e t .  The  p a t t e r n  f o r  t h e  t w o  PWM l a t c h e s  a r e  h e l d  i n  b i t s  0  t h r u - 6  
; s t o w  pwml  a n d  s t o w  pwm2. 
.......................................................................... 

P s e u d o c o d e :  - 

d i s c r e t e  - a r r a y  c n t r l :  - 
- .  - s a v e  r e g ;  

i f  ( a b s  b a t t e r y  - V > b a t  V l i m i t )  - - 
the; do; 

s t o w  p w m l  = 0; 
stow-pwm2 - = 0; 

end; 
e l s e  i f  ( a b s  - b a t t e r y  - V > ( b a t  V L i m i t  * 3 1 ) / 3 2 )  - - 

t h e n  do; 
if ( s t o w  pwm2 = 0 )  

then-do;  
s t o w  pwml  = s t o w  pwml  >> 1; 
s t 0 w - ~ w m 2  - = s t 0 w - ~ w m 2  - >> 1; 

end; 
end; 
e l s e  i f  Cabs - b a t t e r y  - V < ( b a t  V l i m i t  * 3 0 ) / 3 2 )  - - 

t h e n  do; 
s t o w  p w m l  = ( s t o w  p w m l  << 1) + 1; 
i f  ( s t o w  p w m l  AND-$40 <> 0 )  

t hen-do; 
s t o w  p w m l  = s t o w  p w m l  AND $3F; 
s t 0 w - ~ w m 2  = (sto'E; pwm2 << I) + I; 
stow-pwm2 - = s t o w  pwm2 AND S3F; - 

end; 
end; 

a r r a y  s e l l  = s t o w  pwml;  
a r r a y - s e t 2  - = s t0w-~wm2;  - 
u n s a v e  r e g s ;  

e n d  d i s c r e t e  a r r a y  c n t r l ;  - - 

; T h e  r o u t i n e  d e t e r m i n e s  w h i c h  o f  t h e  f o u r  s t a t e s  o f  t h e  m a c h i n e  ( d e s c r i  
; b e l o w )  t h a t  t h e  m a c h i n e  s h o u l d  b e  i n  b a s e d  o n  s t a t e  o f  c h g  a n d  p r o d u c t  
; l e v e l s  a n d  t h e n  s e t s  u p  t h o s e  c o n d i t i o n s .  I t  i s  a s s u m T d  t h a t  t h e  p r i o  
; o f  f u n c t i o n s  i s :  
I 

I 1. c h a r g i n g  t h e  b a t t e r y  
I 2. r u n n i n g  t h e  l o a d  
I - 3. m a k i n g  p r o d u c t  
I 

; s t a t e  # I  b a t t e r y  i s  s o  l o w  t h a t  p r o d u c t  a n d  L o a d  r e l a y s  a r e  a l l  
I o f f  ( s t a t e l  = 0 0 0 0 0 0 0 0 )  
I 

; s t a t e  # 2  b a t t e r y  p a r t i a l l y  c h a r g e d ,  l o a d  r e e a y s  c l o s e d ,  
I p r o d u c t  r e l a y  o p e n  ( s t a t e 2  = 1 1 1 1 1 0 0 0 )  
I 

; s t a t e  #3  b a t t e r y  c l o s e  t o  f u l l  c h a r g e ,  l o a d  r e l a y  open, 
I p r o d u c t  r e l a y  c l o s e d  ( s t a t e 3  = 0 0 0 0 0 1 0 0 >  
I 
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; s t a t e  # 4  b a t t e r y  c l o s e  t o  f u l l  charge,  l o a d  r e l a y s  c l o s e d ,  
I p r o d u c t  r e l a y  c l o s e d  ( s t a t e 4  = 1 1 1 1 1 1 0 0 )  
I 

I n o t e  1: When r e f e r i n g  t o - t h e  f a c t  t h a t  t h e  l o a d  r e l a y s  a r e  c l o s e d ,  t t  
I p r e s u m e s  t h a t  t h e  o v e r l o a d  t h r e s h o l d  h a s  n o t  b e e n  exceeded,  
I 

f l  n o t e  2: The p r o d u c t  r e l a y  i s  l o a d  #1, t h e  l o a d  r e l a y s  o p e r a t e  as  a  
I u n i t  ( i n  s o  f a r  a s  t h i s  r o u t i n e  i s  c o n c e r n e d ) ,  s o  t h a t  
I l o a d s  2  t h r u  5 a r e  t u r n e d  o f f  a n d  o n  t o g e t h e r .  
I 

; S t a t e  D i a g r a m :  
8 ( 0 0 )  ---- 
I >STATE 1-->-- 

I I 
I 

I v  
( c o r r  s o c < s o c l )  I 

- I ( c o r r  s o c > s o c l + b u f  s o c l )  
1 

- 
I 
v  

\ / 
\ / 
\ / 
\ ( F 8 )  / 

-<----<----<---<--<--STATE 2 < - - - - > - - - > - - - - > - - - - > - - - - -  

1 / \ 
v  / \ 

I 
v  

( p r o d c p r o d l  / \ ( p r o d l < p r o d < p r o d 2 )  
AND I \ AND 

( c o r r  - s o c > s o c 3 + b u f s o c 3 )  
I 

I ( c o r r  - s o c < s o c 2 >  I v  
1 ( p r o d > p r o d 2 + b u f p r o d 2 >  
v  I O R  I 

I 
( c o r r  - s o c < s o c 3 )  

STATE 3<----<----  <-- 
1 ( 0 4 )  

I 
-<----<---- 

I 
1 - 1 

I ( p r o d C p r o d 1 )  
AND <----<----<----<----<---- 

I I 
I STATE 4 
I ( c o r r  - s o c < s o c 4 >  1 ( F C )  
v  
I ---- ~ ( p r o d > p r o d l + b u f p r o d 1 ) 0 R ( c o r r  s o c > s o c 4 + b u f s o c 4 ) - -  

I 
- 

jeter -mach - s t a t e :  
s a v e  regs ;  
i f  ( p r o d  mask = s t a t e l )  

t h e n - i f  ( c s t a t e  o f  c h g  > s o c l  + b u f s o c l )  
t h e n  p r o d  mask s t a t e 2 ;  

e l s e  i f  (pros mask = s t a t e 2 1  - 
t h e n  do; 
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i f  ( c s t a t e  - o f  - c h g  < s o c l )  * * * c a s e 2 * * *  
t h e n  p r o d  mask = s t a t e l ;  
e l s e  i f  ( T p r o d l  <= p r o d  < p r o d 2 1  

AND ( c s t a t e  o f  c h g  > s o c 3  + b u f s o c 3 ) )  * * * c a s e 3 i  
t h e n  p r o d  mask s T a t e 4 ;  
e l s e  i f  ( T p r o d  < p r o d l )  

AND ( c s t a t e  o f  c h g  > s o c 2  + - b u f s o c 2 ) )  **c: 
t h e n  p r o d  mask = s t a t e 3 ;  - - 

end; 
e l s e  i f  ( p r o d  mask = s t a t e 3 1  - 

t h e n  do; 
if ( e s t a t e  o f  c h g  < s o c 2 )  * * * c a s e s * * *  

t h e n  p r o d  K a s k  = s t a t e 2 ;  
e l s e  i f  ( T p r o d  > p r o d 1  + b u f p r o d l )  O R  

( c s t a t e  o f  - c h g  > s o c 4  + b u f s o c 4 )  * * * c a s e b *  
t h e n  p r o d  - mask = s t a t e 4  

end; 
e l s e  i f  ( p r o d  mask = s t a t e 4 )  - 

t h e n  do; 
if ( ( p r o d  < p r o d 1 1  AND ( c s t a t e  o f  c h g  < s o c 4 ) )  - - 

t h e n  p r o d  mask = s t a t e 3 ;  * * * c a s e ? * * *  
e l s e  i f  ( T p r o d  > p r o d 2  + b u f p r o d 2 )  

O R  ( c s t a t e  o f  c h g  < s o c 3 ) )  * * * c a s e 8 * * *  
t h e n  p r o d  - mask = - s t T t e 2 ;  

end; 
c a l l  s h e d  r e s t o r  l o a d s ;  - - 
u n s a v e  r e g s ;  

e n d  d e t e r  mach s t a t e ;  - - 
.......................................................................... 
; T h i s  r o u t i n e  h a n d l e s  a l l  o f  t h e  i n i t i a l i z a t i o n  d u t i e s ,  r u n s  t h e  R A M  
; a n d  l a m p  t e s t .  
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

P s e u d o c o d e :  

t e s t :  

d i s a b l e  i n t e r r u p t s ;  
make  s u r e  w e ' r e  i n  d e c i m a l  mode; 
s t a c k  p o i n t e r  = $FF; 
p i a  c s r a  = d d r  s e l ;  
p i a - c s r b  = d d r - s e t ;  
p i a - d d r a  - = pad';jr mask; 
p i a  c s r a  = p a  e d g e  s e l  O R  d d r  d e s e l ;  
~ i a - p o r t a  = d s p l y  y e 1  d s b  A N D - ~ S ~ L ~  c l k  o f f ;  - - 

- p i a - d d r b ' =  p b d d r  {ask: 
p i a - c s r b  = p b  e d g e  - s e l  O R  d d r  d e s e l ;  - 
p i a - p o r t b  = $BF; 

. l e d - o u t  - l a t c h  = $00; 
do 5; = 0  t o  $FF  

$OOOOCxI = $FF; 
end; 
d o  x = 0  t o  $FF  

i f  ( $ O O O O C X ~  <> $FF)  
t h e n  c a l l  r am e r r o r ;  - 



end;  
d o  x = 0  t o  $FF 

~ 0 0 0 0 C x 3  = $00; 
end;  
d o  x  = 0  t o  SFF 

i f  ( S 0 0 0 0 C x 3  <> $ 0 0 )  
t h e n  c a l l  r a m  - e r r o r ;  

- end;  
r o m  p t r  = $0100 ;  
d o  F h i l e  ( r o m  p t r C l 3  < max - r a m  - s i z e )  

$ 0 0 0 0 [ r o m - ~ t  - r l  = SFF; 
r o m  - p t r  = r o m  - p t r  + 1; 

end;  
r o m  p t r  = $0100 ;  
d o  ;hike ( r o m  p t r C l 1  < max r a m  s i z e )  

i f  ( ~ 0 0 0 0 T r o m  p t r 3  <> TFF) -  
t h e n  c a l  t - ram e r r o r ;  

r o m  - p t r  = rom-pt r -+  1; 
end ;  
r o m  p t r  = S0100 ;  
d o  G h i t e  ( r o m  p t r C 1 1  < max - r a m  - s i z e )  

$ 0 0 0 0 f  r ~ m - ~ t  - r1 = $00; 
r o m  - p t r  = r o m  - p t r  + 1; 

end;  
r o m  p t r  = # $ 0 1 0 0 ;  
d o  w h i t e  ( r o m  p t r C 1 3  < max r a m  s i z e )  

i f  ( ~ 0 0 0 0 T r o m  p t r ~  <> TOO>- 
t h e n  c a t  1-ram e r r o r ;  

r o m  - p t r  = rom-p t r -+  1; 
end ;  
p i a - p o r t b  = b e l l  - o n  O R  $ O F ;  
c a l l  Lamp t e s t ;  
p i a  - p o r t b - =  $ O F ;  

n i t  - t i m e r :  
t i m e r  - c s r  = t i m e r - r e s e t ;  
t i m e r  c s r  = t d a t t  - t i m e r s ;  
t i m e r r c s r  = $OF; 
t i m e r  d a t a  = $00;  
t i m e r - d a t a  = $00;  
t i m e r z d a t a  = m a s t e r  m o d e l ;  
t i m e r  - d a t a  = mas te r -modeh;  - 
t i m e r  - c s r  = $01; 

i m e r l :  
t i m e r - d a t a  = c n t r l  m o d e l ;  
t i m e r  d a t a  = c n t r l - m o d e h ;  - 
t i m e r - d a t a  = $00; 
t i m e r - d a t a  = $00; 
t i m e r - d a t a  = $00; 
t i m e r I d a t a  = $00; 

i m e r 2 :  
t i m e r  d a t a  = c n t r 2  mode l ;  
t i m e r - d a t a  = cn t r2 -modeh ;  - 
t i m e r - d a t a  = $00; 
t i m e r - d a t a  = $00; 
t i m e r - d a t a  = $00; 
t i m e r I d a t a  = $00; 
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t i m e r  - c s r  = $43; 
t i m e r  c s r  = $OA; 
t i m e r - d a t a  = $ 5 9 ;  
t i m e r - d a t a  = $23; 
t i m e r - d a t a  = $00; 
t i m e r - d a t a  - = $00; 

t i m e r 3 :  
t i m e r  d a t a  = c n t r 3  m o d e l ;  

=-- t i m e r - d a t a  = cn t r3 -modeh ;  
t i m e r - d a t a  = c n t r 3 - l d  r e g ;  
t i m e r - d a t a  = c n t r 3 - l d - r e g + l ;  
t i m e r - d a t a  = c n t r 3 - h o T d  r e g ;  
t i m e r - d a t a  - = c n t r 3 - h o l d - r e g + l ;  - - 

t i m e r 4 :  
t i m e r  d a t a  = c n t r 4  m o d e l ;  
t i m e r - d a t a  - = cn t r4 -modeh ;  
t i m e r  d a t a  = c n t r 4 - l d  r e g ;  
t i m e r - d a t a  = c n t r 4 - l d - r e g + l ;  
t i m e r - d a t a  = c n t r 4 - h o - r d  r e g ;  
t i m e r - d a t a  - = c n t r 4 - h o l d - r e g + l ;  - - 

t i m e r s :  
t i m e r  d a t a  = c n t r 5  m o d e l ;  
t i m e r - d a t a  = cn t r5 -modeh ;  
t i m e r - d a t a  = d e f  b a u d  r a t e ;  
t i m e r - d a t a  - = d e f - b a u d - r a t e + l ;  - - 

s t a r t  - t i m e r s :  
t i m e r  c s r  = $73; 
t i m e r - c s r  = $OA; 
t i m e r - d a t a  = $00; 
t i m e r - d a t a  = $00; 
t i m e r - c s r  = $E3; 
t i m e r - c s r  - = $E4; 
t i m e r  - c s r  = $2C; 

i n i t  z p g :  - 
c o m p u t e  f l a g s  = c o m p u t e  - f l a g s  O R  r u n  f l a g ;  - 
s p  s t o r - =  $FF; 
coTumn n u m b e r  = $08; 
p i a  p o r t b  = c o l u m n  n u m b e r  AND $OF; 
w r i t e  p o r t b  = c o l u i n  n u m b e r  AND $OF; 
b o u n c Q  c o u n t  = max b-dunce c o u n t ;  - - 
s t o w  l T d s  = $00; 
L e d  o u t  l a t c h  = $00; 
Sto; P w m ~  = $00; 
a r r a y  s e l l  = $00; 
s t o w  Fwm2 = $00; 

- a r r a y  s e L 2  = $00; 
n e x t  s e l d o m  = $18; 
d o  x  4  t o  0  s t e p  -1 

o v e r l d  c n t t x l  = o v e r l d  c n t  m a x r x l ;  - 
s h e d  t ~ r e s h ~ x l  = s h e d  ThCxT;  
r e s t o r  - t h r e s h C x 3  = r e s t o r  - t h C x 1 ;  

end; 
s t a t e  o f  - chgC43  = $40; 
i n h i b T t  = $01; 
o n e  s e c  t i m e r  = 250; 
c a l ' r  m s g  - h n d l r ( ' W E L C 0 M E  TO THE TRISOLAR DEBUG MONITOR1); 
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c a l l  d i s p l a y - c l r ;  - 
i - o  - f l a g s  = i - o  - f l a g s  O R  d a t a s e t  r e a d y  f l a g ;  
p i a  c s r a  = p a  edge  - s e l  O R  d d r  - d e T e l  0 ~ ~ x 4  msec enab; - - 
ena?;le i n t e r r G p t s ;  
g o t o  r u n  - t a s k  m a s t e r ;  - 

ram e r r o r :  - 
c a l l  d i s p l a y  e r r o r ( 2 ) ;  
c a l l  d i s p l a y - d i g i t s ;  - 

l o o p :  
g o t 0  l o o p ;  

e n d  ram e r r o r ;  - 
............................................................................ 
: T h i s  r o u t i n e  i s  c a l l e d  e v e r y  1 0 0  msec t o  a v e r a g e  t h e  1 6  r e a d i n g s  o f  e a c h  
: o f  t h e  1 2  o f t e n  r e a d  c h a n n e l s .  
:****************z********************************************************** 

' s u e d o c o d e :  

i i a n a l  a v :  - - 
d o  n e x t  o f t e n  = 0  t o  num o f  o f t e n  r e a d s ;  - - - 

adc  t e m ~  h o l d  = 0: 

a d c  - temp - h o l d  = o f t e n  - r e a d C p o i n t e r , n e x t  - o f t e n * 3 2 3  
+ a d c  t e m p  h o l d ;  - - 

end; 
o f t e n  - r e a d C n e x t  - o f t e n 3  = a d c  temp h o l d / l 6 ;  - - 

end; 
t o t a l  c h g r  I = 0; 

do-inde; = 2 t o  num o f  o f t e n  r e a d s ;  
t o t a l  - c h g r  - I = d u m p - a r r a y T i n d e x 3  - + t o t a l  - c h g r  - I; 

end; 
e n d  s i g n a l  - av; 
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