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SUMMARY

Ames Research Center initiated a program in 1975 to provide the critical infor-
mation required for the design of integrated avionics suitable for general aviation.
The program emphasized the use of data busing, distributed microprocessors, shared
electronic displays and data entry devices, and improved functional capability. A
demonstration advanced avionics system (DAAS) was designed, built, and flight tested
in a Cessna-402, twin-engine, general aviation aircraft. Software modifications were
made to DAAS at Ames concurrent with the flight test program and are documented in
this paper. The changes were the result of the experience obtained with the system
at Ames, and the comments of the pilots who evaluated the system.

INTRODUCTION

The demonstration advanced avionics system (DAAS) is an integrated,
multimicroprocessor-based flight management and control system. DAAS is the result
of a program initiated in 1975 by Ames Research Center to demonstrate the feasibility
of developing a fully integrated avionics system that would provide the pilot with
improved capability and that would be modular, reliable, and easy to maintain. The
system has been evaluated in a flight test program at Ames in a Cessna 402B (figs. 1
and 2).

An overview of the program with a summary of the results that led to the DAAS
specification is contained in reference 1. A preliminary functional description of
DAAS is provided in reference 2, and a detailed description of DAAS is provided in
references 3 and 4. Preliminary results of the flight test are contained in refer-
ence 5, a complete analysis of the flight test results is contained in reference 6,
and a summary of the program results is contained in reference 7.

Figure 1l.- DAAS equipment on test bench.



Figure 2.- DAAS cockpit.

As a result of the flight evaluation, several changes have been made to the
system software and incorporated into DAAS. The purpose of this paper is to docu-
ment these changes, and to discuss the characteristics and impact of software modi-
fications to integrated, distributed processing systems. The software modifications
are documented fully in appendix A. A brief description of the system architecture
and software is provided as an overview.

HARDWARE ORGANIZATION

DAAS is based on a distributed microprocessor network that is linked via an
IEEE-488 Standard parallel data bus as shown in figure 3, and is described in detail
in references 3 and 4. There are eight microprocessors, all of which communicate via
the data bus. The chassis containing the processor cards is shown in figure 4
(except for the Integrated Data Control Center and the radio adapter processors,
which are located in their own chassis). One of the processors is an Intel-8048
dedicated to the radio adapter unit built by King Radio on subcontract with Honeywell.
The 8048 accesses read-only memory (ROM) exclusively. The other seven microprocessors
are Intel-8086s and access both read-only and read/write memory. Several of the pro-
cessors have circuitry dedicated to the input/output function being performed in
addition to that which takes place over the data bus. The data bus initially loads
the read/write memory in each processor when the system is turned on. The software
for the seven loadable processors is stored in nonvolatile memory (EEPROM), and
loaded into the appropriate processor's read/write memory by the bus controller pro-
cessor (via the data bus). Once the processors are loaded, the data bus is used to
transfer information between the eight processors. Prior to releasing the other pro-
cessors to begin program execution, the bus controller checks to see if a maintenance
console/cassette drive is connected to its serial port. If it is, software is run
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Figure 3.- DAAS processors.
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Figure 4.- DAAS processor chassis with top removed.

that allows programs and data from cassette tapes to be loaded into electrically
erasable, programmable, read-only memory (EEPROM) or directly into each processor's
read/write memory. In addition, several other functions such as software patching
and verification can be performed and stored-fault data readout can be run.

SOFTWARE ORGANIZATION

The DAAS software is functionally partitioned with specific and related groups
of functions residing within each of the eight processors (fig. 3). The bus con-
troller processor arbitrates all of the interprocessor data transfers in addition to
performing the data bus initialization and software transfer to all the processors
from EEPROM memory. The downloading procedure is necessary to implement a reconfig-
uration capability of the DAAS system. If reconfiguration had not been necessary,
each processor could have stored its own software in read-only memory which it would
execute directly when power was applied to the system. In the approach used with
DAAS, a spare processor is available which can take over the functions of either the
navigation processor (which does not perform any nondata bus input or output) or the
electronic horizontal situation indicator (EHSI) processor, which is multiplexed with
the spare processor to the graphics display. A failure detected in either the EHSI
or navigation processors causes the bus controller to download the appropriate soft-
ware into the spare processor's read/write memory and initiate execution,

The navigation processor performs flight planning as well as navigation func~
tions and has the capacity to store ten way points and ten navigation aids. The
autopilot processor implements a digital version of the King KFC-200 series analog
autopilot, with some modifications that are specific to the DAAS navigation capabil-
ity. It also performs most of the built-in test functions, configuration and status
monitoring, and warning functions. Servo and sensor data (except for the radios) are



interfaced through the autopilot processor. The integrated data control center
(IDCC) processor handles pilot requests and provides status annunciation via a CRT
display, and is the primary means for the pilot to input and output data and to con-
trol DAAS. Map control and function page selection are also handled by the IDCC.
The radio adapter unit (RAU) processor performs computer-controlled radio tuning.
The discrete address beacon system (DABS) processor interfaces with a Bendix mode-S
transponder and includes a simulation of the data link capabilities expected in the
future.

Extensive built-in test (BIT) capability is included in the DAAS system. Most
of the BIT functions are performed by the autopilot processor into which the servos
and the analog, and the discrete input and output circuitry are interfaced. Other
BIT tests, such as read/write memory test, processor self test by sample program
execution, and bus hardware tests, are distributed throughout the system., The bus
controller, autopilot, and IDCC processors include timing circuitry used to imple-
ment watchdog timing tests. The bus controller records failures, with the time of
their occurrence in EEPROM memory for later recall during maintenance.

SOFTWARE MODIFICATIONS

Eleven changes have been implemented on the DAAS system at Ames. The modifica-
tions to the DAAS software have been documented with the same engineering change
notice (ECN) form used by Honeywell, Incorporated, to describe their own internal
changes. The changes made at Ames are identified as Ames engineering change notice
AECN-001 through AECN-0l1l, and are described in detail in appendix A. These
descriptions assume some familiarity with the DAAS Functional Description document
(ref. 4). The modifications range from changes to the values of program constants
and data page formats, to new algorithm implementations and display feature addi~
tions, as explained below.

The nature of the software changes made to DAAS can be divided into six cate-~
gories. These categories may be viewed as representative of those encountered in
distributed processing systems in general: alphanumeric constants, algorithms,
hardware interfacing, interprocessor communication, pan-processor modifications, and
format. All of these categories (except format) have been encountered in performing
the changes described in this paper. In general a given modification may require
effort in two or more of the categories given above.

Several changes have been made which are representative of the first category,
alphanumeric constants. This category would probably generate the most changes in a
typical system. The changes do not generally require changes to program logic and
are thus easily accomplished.

An example of this type of change is AECN~003, Pretaxi/Taxi Checklist addition.
A line has been inserted in a pilot checklist as displayed on the IDCC., Unless a
major change in the format of the data being modified is required (described sep-
arately) the change can usually be implemented by following the pattern established
in the existing software. Other modifications that fall in this category are
AECN-004, -005, ~006, and -011.

The next category is algorithms, an example of which is AECN-002, percent horse-
power computation. Changes in this category involve both the algorithm development



and software coding. The difficulty of the former is in general unbounded and pre=-
sents the major challenge in implementing a change of this kind. Once the algorithm
has been specified, well-established techniques can usually be used to write the
necessary software. :

When algorithms require the use of floating point arithmetic, it is obviously
easiest to code them using processors that can perform floating point arithmetic
using hardware. The DAAS system processors do not make use of a math processor with
floating point capability (a math processor for the Intel processor was not avail-
able when the system was designed). Consequently, all floating point operations
were done with fixed-point arithmetic and scaling. The bookkeeping associated with
these techniques adds a significant measure of complexity to the coding which would
otherwise not be encountered. Debugging the ensuing software can also be more diffi-
cult as tracking changes in a given variable requires unraveling the scaling. 1In the
future, it will be increasingly common for processors to be equipped with floating
point hardware, thus eliminating the need for scaling in all but the extreme cases.

The third category is hardware interface. These changes are usually very
application-specific. Difficulties encountered in this category frequently involve
timing considerations. This is particularly evident in distributed processing sys-~
tems such as DAAS which tend to have several types of timing constraints. The code
for hardware operations is usually written in assembly code and involves the rudi-
mentary computer instruction set, posing no significant difficulties other than
familiarization with the system.

Two modifications in the hardware category have been made to DAAS. The first
involves a system test of the discrete input/output wraparound word test as described
in AECN-009. This software runs as a background process. That is, it executes
(along with other software) when the processor is not executing higher priority tasks
in an interrupt or scheduled mode. Because very little software has been added, the
impact on system timing is minimal. The second modification, AECN-010, uses the-
existing timing structure to generate its own timing used in making warning/caution
lights flash. Thus, the existing timing framework was not modified. However,
because of the delays introduced by the new software, timing difficulties could
still be encountered. If these delays are long enough, system performance could be
affected. Unlike a background process which is simply interrupted to maintain the
integrity of the timing structure, the function of a time-dependent task such as the
one described above would be affected if it were to be interrupted and not allowed
to run to completion. If this problem is encountered, the only solutions are to
restructure the system software, or to increase the processing speed. The latter is
often not feasible in a fully developed system because of the cost involved; thus it
is usually the software structure that is modified (though still at great cost in
both money and time). Neither solution is particularly desirable; thus, it becomes
important to accurately estimate the processor power required in the early design
stages, and to allow for error since this estimate is uncertain.

The next category, interprocessor communications, is essentially a subcategory
of the previous one. The methodology of tying processors together is a burgeoning
field that is widely known as networking. In DAAS the various processors communicate
via a shared data bus. One of the DAAS processors is dedidated to controlling the
data flow on the bus. This process includes timing and handshake initiation. As
might be expected, establishing the framework of the interprocessor communication is
a major undertaking in systems of this kind. ' Both software and hardware considera-
tions are involved; therefore, effort must be expended to ensure that the requirements




of the various parts of the system are met, and that adequate room is left for
expansion.

In DAAS a multiple timing structure is implemented to satisfy the various data
rates that are required. The data are transferred in variable length buffers. To

be able to modularize the interprocessor communication, each processor must main-

tain the size of the buffer to be transferred in memory. To add data to a buffer,
the stored buffer size can be increased in the appropriate processor, and the addi-
tional storage can be allocated. As discussed in the previous section, timing con-
straints must be considered as adding data to a buffer increases the time required
to send the buffer. 1In DAAS the data bus load runs only 50% which allows room for

expansion.

The pan processor category refers to software changes that require simultaneous
modifications to more than one processor. It is desirable to avoid structures that
require changes to be made to more than a single processor as this defeats one of the
purposes of functionally subdividing the system by processor. Frequently the only
way to avoid these situations is by passing more data between processors. In this
case a decision must be made as to whether the derived benefits are worth the over-
head of the additional data transfer. An example of this occurs with AECN 001, A
change in the equipment complement aboard the test aircraft requires changing the
weight and balance constants. Two processors carry this information, the IDCC which
displays the current weight and balance figures, and the flight control processor
which actually does the weight and balance computations. This is a case where it
would seem to be advantageous to add the weight and balance information to a data
buffer and then send the current information from the flight control processor to the
IDCC. This is particularly true since weight and balance information is changed

relatively often.

The last category to be discussed is format, which refers to the large scale
software structuring that is required in integrated, multiprocessor systems such as
DAAS. The structured layout must be accomplished early in the system design since
the software will be written within the constraints and layout that are imposed by
the format. This is one of the most important phases of the total system design.
Since the nature of the system is largely decided at this stage, philosophical issues
must be settled by this point. However, room for expansion and some modifications
must be incorporated into the format as the need for changes will be inevitable.
Strong demands on flexibility are made by the pilot system interface. In DAAS this
is largely accomplished through the EHSI and the IDCC. Several changes were made to
the IDCC pages and EHSI display as discussed above without the need for format modi-
fications which is a strong indication of the flexibility that is inherent in the
DAAS design. Hardware and format constraints are also imposed on interprocessor
communication and flexibility and expansion capability for future modifications must
be taken into account. A multiprocessor system can increase its functional capabil-
ity by adding processors to the system. A limit will then be reached when the inter-
processor communication data bus becomes saturated.

CONCLUDING REMARKS

Several software modifications have been made to the DAAS at Ames Research
Center., These modifications fall into several categories whose characteristics and
impact have been discussed. The flexibility built into DAAS has made changes rela-
tively easy to accomplish. TFormat changes rank as the most difficult to make,



followed by changes that involve the hardware timing structure of the system
(including interprocessor communication). To avoid modification to the existing
structure, both of these areas should incorporate flexibility and expansion capabil-
ity at the initial design stage so that changes can be made within the existing
structure rather than by modifying it. Whenever possible it is best to avoid the
additional difficulties that are caused when simultaneous changes are required in

more than one processor.




APPENDIX A
AMES ENGINEERING CHANGE NOTICES

AECN 001 — Aircraft weight correction

AECN 002 — Percent horsepower computation

AFCN 003 — Pretaxi/taxi checklist addition

AECN 004 — Waypoint data page modification

AECN 005 — Flight status page change

AECN 006 — Nav aid data format

AECN 007 — EHSI lubberline addition

AECN 008 — EHSTI heading select arrow

AECN 009 — I/0 sysbit discrete wraparound

AECN 010 — Flash warning lights ‘
AECN 011 — Weight and balance summary page format

The first five AECNs that are described involve changes to the data entry pages
of the IDCC. Each page is described in a separate software module that uses a stan-
dard format (fig. 5). Pushing a page select button or toggling the forward/back
switch invokes software routines that locate the appropriate page-format software-~
definition module and that use the information contained there to display the appro-
priate data on the IDCC. The standard format that is used for the layout of all the
pages, minimizes the amount of information that must be contained in the page-format
software~definition module. Thus to change or add to the information on a given
IDCC page, one changes only the corresponding page table software.

AECN 003 — A line item has been added to the pretaxi/taxi checklist to remind
the pilot to engage the autopilot prior to the system test (initiated from the
KCI-310). TFigure 6(a) shows the pretaxi/taxi checklist prior to the change. TFig-
ure 6(b) shows the addition. The change was proposed because the pilot and the
experimenter frequently did not engage the autopilot prior to system test initiation
which caused the system to halt its operation (caused by system-perceived autopilot
failure) and required the pilot to restart the system and to reenter lost initializa-
tion data. One way to eliminate this type of failure was to add a line to the
checklist.

This change has been accomplished by modifying a constant that indicates the
number of lines in the specific checklist, and by simply inserting the required line
of text at the appropriate point in the subroutine. The 8086 assembly code used to
define the pretaxi/taxi checklist is listed in appendix B. The checklist routine
software is included as an example of the assembly language that is used in program-
ming much of DAAS. Some parts of DAAS have been programmed in Intel's higher order
language, PL/M, most notably the navigation processor software. For reference, an
example of PL/M is also listed in appendix C, which shows the software used in the
weight and balance computation described below.

AECN 011 — The maximum gross weight and fuel weight have been added to the
weight and balance data output page (fig. 7). These numbers are unavailable on the
original page, which makes it difficult to verify aircraft loading limits prior to
transferring the weight and balance figures to the system when making flight perfor-
mance calculations. Previously, the aircraft's maximum gross weight and fuel figures
could only be obtained from the initialization page shown in figure 8. With the
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NAV PAGE SELECT
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Figure 6.~ PRETAXI Checklist page.
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Figure 7.- Weight and balance summary page.
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NAV PAGE SELECT
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Figure 8.- Initialization page.
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change, the maximum gross weight appears next to the calculated takeoff weight
(fig. 7(b)) and the maximum allowable fuel weight appears next to the calculated
takeoff fuel.

AECN 004 — Some changes have been made to the layout of the way point data entry
page. The data entry associated with four of the touch points have been interchanged
to comply with various pilot suggestions for system improvement. Their functions are
left unchanged. Figure 9 shows the way point data page before and after the changes.
The radial/distance data entry has been moved to the lower-left touch point so that
all the data defining the way point's horizontal data would fall into one column, the
assumption being that such logical grouping makes the system easier to learn and use.
The navigational mode selection has been moved to the touch point at the bottom of
the page so that it would not be hit accidentally by a pilot who intended to input
altitude data.

AECN 006 — A rearrangement of the entire navigational-aid data entry page is
shown in figures 10(a) and 10(b). The data entry points are now relocated into one
column and grouped to conform to the presentation found on route navigation (RNAV)
charts with the pairing on the navigational-aid data page which corresponds to the
pairing on the RNAV charts. The purpose was to ease the entry of navigational-aid
data which tends to be a time consuming chore and therefore is particularly critical
in fldight.

AECN 005 — This is a change to the flight status page. Originally the wind mag-
nitude was displayed above the wind direction (fig. 11(a)). This has been reversed
so that it conforms with the more common form of giving the wind direction first,
followed by the wind magnitude (fig. 11(b)).
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Figure 9.- Way point data page.
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Figure 10.- Navigational-aid data page.
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NAV PAGE SELECT
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Figure 11.- Flight status, page 1.

16




The five changes just described involve the software in only one processor, the
IDCC, and do not involve changes to the interprocessor data exchange via the IEEE-488
bus. The following AECN entails a simultaneous change to the software in two
processors.

AECN 001 — Because of changes to the equipment complement on the aircraft,
empty weight and empty center of gravity have been updated. The displayed empty
weight and center of gravity (fig. 12) are changed by modifying the appropriate IDCC
page table. However, this action does not change the empty weight and center of
gravity figures used in the weight and balance computations. These constants are
kept in the flight control processor which actually performs the weight and balance
computations. Both changes involve simple changes to the empty weight and center of
gravity constants in each respective processor. A potential improvement, which has
not been completed because of time constraints, would be to modify the software so
that changes to empty weight and center of gravity could be accomplished by changing
the defining constants in only one processor.

O

NAV PAGE SELECT
AUTO NAV

use CRS eall] a0 penr ||| 7 ||| Dags | || EMER
sEQ DATA

o cRs MAP ﬁl“D" FLT wr rest CHK
se E0IT

o L ae STAT {11 BAL LISt

a )

WEIGHT AND BALANCE P10OF3

1. EMPTY WEIGHT-LBS ....... 4766

P POS-INS....... 151.4
2. EMPTY CG POS-| CONTRAST

*SEAT1AND2 * AVIONIC BAY
390 LBS 000 L.BS

*SEAT3AND 4 * NOSE BAY E

350 LBS 000 LBS

* SEAT5 AND € * AFT CABIN
150 LBS 000 LBS

BRIGHTNESS

N J0O

JURIRUIRN

Figure 12.- Weight and balance, page 1.

The following two AECNs require modifications to the flight control processor
modules that access the analog and discrete inputs and outputs.

AECN 009 — A correction has been made to the testing of the discrete output
wraparound word. The previous version of the system test sets all 16 bits of the
discrete output word (table 1) to all ones and then to all zeroes, and checks the
discrete input word (wraparound with inversion) for all zeroces and all ones, respec~
tively. Setting both output bits 7 and 8 to ones causes simultaneous auto~trim-up
and trim-down commands to the pitch-trim servo's transistors and, with time, causes
them to fail. The modified software now separately tests auto-trim up and auto~trim
down. No failiures of the trim transistors have occurred since the changes have been
made.
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TABLE 1.- DISCRETE INPUT/OUTPUT WORD DEFINITIONS

INPUT INPUT INPUT INPUT QUTPUT ouUTPUT OUTPUT
BIT WORD 1 WORD 2 WORD 3 WORD 4 COMPLIMENT WORD 1 WORD 2 WORD 3
08800 08802 08804 08806 08200 08202 08204
15 HDGSSLW APENG AUXPMP 1 | APCLENG -—— APCLENG NAV ARM A MSTR WRN A
(1=0N) {1 = ENG) (1=0N)
14 HDG SEL YDENG AUXPMP 2 | AP SOL -~ AP SOL NAVCPLD A MSTR CTN A
(1=0N) (1= ENG) (1 = ON}
13 APPR APYDDC DROPEN YD SOL -— YD SOL REV LOC A TRM FAIL A
(1= 0N} (1=DISC) (1 = OPEN}
12 NAV FLT DIR Wwow ALT ENG -— ALT ENG YAW DMP A ALTALRT
(1= 0N} {1=0N) (0 =wWOw)
11 VNAV MNTRM GRDN LK | VNAVSHTR | -——— VNAVSHTR HDGSEL A DH ANN
(1=0N) (1=0ON) (0 = DOWN})
10 ALT FLTT 1 VG VAL CMDBRRET | -————-— CMD BR RET | VNAVARM A MDA ANN
{1=0N) (1=0N) (1=VAL)
9 ALT ARM TRMPWR DG VAL REV LOC -—— REV LOC VNAVCPLD A | DABS ANN
(1= 0N} (1=ON) (1=VAL}
8 SYSINTLK TRM UP M BALT VAL | ATRM UP -——— ATRM UP GSCPLD A PTRMTST
(0 =INTERLOCK) (1 =0ON} (0=VAL)
7 G DUMP TRM DN M FLTT2 ATRM DN - ATRM DN ALTARMA R ALT TST
(0 = DUMP) (1=0N) (1 =0ON)
6 CwsS PATL UP IAS VAL CMPTRVAL | = CMPTRVAL ALTHLD A ADC TEST
{0 =ON) (0 = UP lim) (0 = VAL)
5 GOARND PATL DN ADCALTV X X GOARD A WRN HRN
(0=0ON) (0=DNtim) | (0=VAL)
4 MMSNS PFLTT ALT VAL X X FLTDIR A TEST UP
(1 = SENSED) (1=TEST) (1=VAL)
3 X APRARM A TEST DN
2 X APRCPLD A X
1 X AP ANN X
0 X X

NOTE: X =SPARE




AECN 010 — Pilots frequently have difficulty detecting warning or caution condi-
tions as annunciated by the red and amber warning lights, although these lights are
placed alongside the ADI directly in the pilot's view (fig. 13). An attempt has been
made to make the lights more visible by causing them to blink. The red warning light
now flashes at a 2-Hz rate whereas the amber light flashes at 1.25 Hz. Although
these values are empirical and no formal study has been conducted, it appears that
the blinking lights bring about a significant improvement in the timely detection of
a warning or caution condition.

Figure 13.- ADI with warning lights.

The following AECN involves a change to an internal algorithm with no change to
any input or output parameters.

AECN 002 — The DAAS system computes and displays the percentage of maximum
available horsepower and displays this to the pilot on the flight status page
(fig. 11(b)). Previously this calculation was made using fuel flow. This technique
gives reasonably accurate readings of engine power at full rich mixtures, but if the
mixture is leaned the fuel~flow derived-horsepower figure will be in error. In addi-
tion there is no compensation for nonstandard temperature and altitude/pressure
effects. An alternate algorithm (table 2) has been proposed which computes percent
horsepower directly from engine rpm and manifold pressure using engine data from the
Continental operations manual for the TSO-520E engine used in the Cessna 402B. Com-
pensation for nonstandard temperature and altitude/pressure effects is included.

The algorithm has been tested by flying at various power settings varying from
25% to 907 of total power and by comparing the DAAS~computed percent horsepower to
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TABLE 2.- PERCENT HORSEPOWER ALGORITHMS

% HP FOR IDCC FLIGHT STATUS

_ RPM-1900 ) MAP-67 20.0" - MAP- 30.0
1 HPg = ( 25001900 / 207 155; "30-6.7 ' 1900 <. RPM -~ 2500
_ RPM-1900 > MAP-4.2 30.0 < MAP < 34.5
2HPsL ( 25001900 / 80 %% | "302.2" 1900 ~ RPM - 2500
- RPM- 2500 > MAP-6.7 . 20.0 < MAP - 30.0
3HPsL < 27002500 ) 20 * 235 ] 73067 * 2500 = RPM - 2700
- RPM-2500 MAP-4.2  30.0 < MAP - 34.5
4 HPsL ( 2700-2500 ) 20+235 | 3042 2500 ~ RPM - 2700
AHPy = 20000 (8) ; HPg - 180
220-HP
_ SL_h
~220-780 20000 \© ¢ HPsL ~ 180
: T-T
. STD ,
HP = [1- 1073 (0.01)} HP, ;T C
=HP  q00-HE
% HP =g * 100 =73

the value given by the operator's manual. The correlation between the two is excel-

lent at all power settings.

The final two completed AECNs are changes to the electronic horizontal situation
indicator (EHSI) processor's software.

AECN 007 — This change involves a simple change to.the module that draws the
heading box. It was decided that a lubber line would be useful in determining the
heading. The heading box has been lowered and a small lubber line has been added to
the top of the box (fig. l4).

AECN 008 — This is a more substantial change which involves adding an analog
heading select arrow to the EHSI positioned alongside the digital heading select
(HDG SEL) readout at the upper left of the EHSI (fig. 14). With the exception of a
few minor changes, the software used to draw the heading select arrow is similar to
that used to draw the wind vector arrow (located at the lower right of the EHSI).

The addition of a heading select arrow considerably eases the task of selecting
a heading with respect to a course that is visible on the map. In general one is
concerned with the angle between a desired heading and the selected course.. This
angle is readily visible by using the analog heading select arrow. Many favorable
comments have been received on this feature. One of the drawbacks of the DAAS-EHSI
presentation is the lack of a full compass rose with which to reference courses or
compass directions that are based on a current reading. The addition of the analog
heading select arrow is seen as a partial solution to the lack of a full compass
rose.
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Figure 14.- EHSI.
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Two proposed software changes have been tested but are not permanently incor-
porated into the DAAS system and should be mentioned briefly. These two changes
involve adding data to the packets that are exchanged between processors over the
IEEE-488 data bus. Each change requires modifications to the software in all the
processors that receive information from the changed packet.

The first change entails the addition of the bearing and distance to the VOR
that defines the current way point to the EHSI data packet. This information is sent
from the navigation processor to the EHSI processor to allow the display of a
navigation-aid bearing arrow that is analogous to the way point bearing arrow. Bear-
ing and distance to a nearby VOR are frequently requested by air traffic control
(ATC) and there is currently no way of determining them from the DAAS electronic
displays.

A second change involves reserving space in the memory word packet to allow
each processor to receive two 16-bit words that are entered from the IDCC. The
first word is a location in the memory of a processor in which to place the contents
of the second word. This change would allow dynamic altering of programs or data in
flight. The change is intended to aid in modifying or debugging the system, but it
is not a user mode.
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APPENDIX B

8086 ASSEMBLY CODE FOR PRETAXI/TAXI CHECKLIST MODULE
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MC3S—-B6 MACRD ASSEMBLER ERCNEZ3 _ L/1gsER

ISIS-I1 MCE-86 MACRO ASSEMBLER V2. 0 ASSEMBELY OF MODULE SCRNZ3
OBJUECT MODULE PLACED IN :F1:SCRN23. 0BJ '
ABSEMBLER INVOKED BY: ASMB& :F1:SCRN23. S8RC DEBUG TITLE(BRCNZ3Z) DATE(L/1E/7BZ) XREF

LINE SOURCE
SCREEN 23 PRE TAXI/TAXI CHK LIGT
REVISION HISTORY:
REV O 0%/05/80
SOFWARE RELEASED

REV 1 07/28/81 .
-ADD PERFORM KCI 310 TEST TO CHECA LIST. -

L T VU ST R

i
2
3
4
)
&,
7
2
2
10 REV 2 cl/18/,82
11 ADD AUTOPILOT ENGAGE TG CHECK LIST.
12 AECN 003
13
14
12 3
ig DEROUP GROUP DAT
18 ',f
19 DATA SEGMENT PUBLIC ‘DATA’
20 PUBL IC SCRN23
o g}, SCRN23 LABEL BYTE
+~ i :
23 SCREENTABLE oB o - {BUFFER ACTIVE FLAG
24 SCREENNUMBER LB 23 $SCREEN NUMBER 23
29 DW VARDATA-SCREENTABLE $POINTER TO VARIABLE DATA
28 Dl TPDATA-SCREENTABLE IPOINTER TO TOUCHPOINT RESPONSE DATA
27 DR 24 tNEXT PAGE~ PRE TAKEOFF P}
28 oB 22 $BACK PAGE~ START ENG
292 DB ¢ OFFH tCHFCKLIST FLAG (FF= CHECKLIST)
3C LB 11 s NUMBER OF ITEMS .
31 .
32 ) H
33 .3
gg ; FIXED TEXT
3 i
36 FIXEDDATA DB S PRETAXI/TAXI CHWKALST
37 DB 8OH+0, 22
38 DB ‘P 1 OF L
a9 DB 8OH+Z, 2
40 DB ‘AVIONICSY
41 : ng 0AOH, 13

42 DB TON/SET



MCS-86 MACRO ASSEMBLER

G¢

SRCNR23

LINE
43
44
45

46
47

ag
49

SOURCE

DB
DB
DB

DB
DB

DB
DB

DB
DB

DB
DB

DB
DB

DB
DB

DB
DB

DB
DB

DB
DB

DB
DB

DB
DB

DB
DB

DB
DB

DB
DB

BOH+3, 2
‘DAAS PRFLT SW’
0AOH, 8

‘NORMAL ‘
80H+4, 2

AUTOF ILOT
OAOH, 12

‘ENGASE
g0H+5, 2

‘RCI 310 TEST’
0AQH, 7

‘PERFORM
80H+6&s 2

‘WING FLAPS’
0AOH, 11

IUPI

80H+7, 2

‘FLT CLEARANCE”
0AOH, B

‘RADIO
80H+8, 2

‘ALTIM SET”
OAQH, 12

‘SET”
80H+T, 2

‘BRAKES’
O0AOH, 15

‘CHECK '
8CH+10, 2

‘FLT INST'
OACH, 13

H

H

i

AECN 003



MCS5-86 MACRO ASSEMBLER

9T

SRCN23

LINE

74
75

76
77

78
79

92
93

94
95

26
7

98
99

Wr

SOURCE

VARDATA

TPDATA

‘CHECK
80H+11, 2

‘FLT CONT~
QAOH, 13

‘CHECK Y
80H+12, 2

*T/0 PERF”
0AOH, 13
“1DCC!
OFFH

VARIABLE DATA

0

0:0,0.,0

0.0,0,0

0,0,0.0

0.0, 0,0

0.0,0,0

0:.0,0.0

0,0,0.0

1718732

; END OF FIXEDDATA FLAG

i NO

3 TP

i TP

;TP

i TP

; TP

i TP

i TP

VARIABLE

1 ACTION

2 ACTION

3 ACTION

4 ACTION

~
5 ACTION

& ACTION .

7 ACTION

DATA

MNOT

NOT

NOT

NOGT

NOT

NOT

NOT

USED

USED

USED



MCS-84 MACRO ASSEMBLER

Le

SRCNZ23

LINE

106
107

109

SOURCE

DATA ENDS

END

0,0,0.0

;TP 8 ACTION - NOT. USED



APPENDIX C

PIM CODE FOR WEIGHT AND BALANCE
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67

1S1S=-11 PL/M-86 V2.0 COMPILATION OF M()DULE WGTBAL

NG OBJECT MODULE REQUESTED . . : .
COMPILER INVOKED 8Yt PLMB6 tF1sWGTBAL.SRC OPTIMIZE(3) NOOBJECT XREF SYMBOLS PRINT(sLPs) IXREF(sF2aWGTBAL.IXI) DATE(11/2
-0/81) p

/* o
2.4 WEIGHT AND BALANCE

REVISION:  02/17/81 KEN BROEN :
11706781 AIRCRAFT WEIGHT CORRECTION (ECN 076)

PURPOSEY .
TO COMPUTE THE TAKEOFF FUEL WEIGHT, TAKEOFF WRIGHT, FORWARD CARGO LIMIT,
AFT CARGNH LIMIT AND THE CENTER OF GRAVITY FOR THE AIRPLANE, USING PILOT ENTERED DATA.

CONNECTIONS ’
CALLED BYs BACKGROUND PROCESSING
CALLS Tos  MULDIV

ADDITIONAL INFORMATION:

NONE
*/



o€

PL/M~86 COMPILER  WGTBAL : ’ - o “11/20/81

8‘0@\10'&&;'\}—00@#0\0\&\»?\)—

MVON NN
Nhw N~

NN
D ~N O

29

30
31
33

34
35

- mt ehs M s MM s B s i - e Ny (W Ges e s s =

NN~

N

W wwhN N

SEJECT
HGTBAL tDOs - . .
DECLARE DCL LITERALLY “DECLARE”Z3
DCL ENDDO LITERALLY /END’s
DCL ENDIF LITERALLY 7 43 )
NCL SEATIS2 INTEGER EXTERNAL3
DCL SEAT3s4 INTEGER EXTERMALj
DCL SEATSs$6 INTEGER EXTERMAL:
DCL AVSBAY INTEGER EXTERNAL:
DCL NOSESBAY INTEGER EXTERNALs
DCL AFTSCABIN INTEGER EXTERNAL1®
DCL. WINGSLOCK INTI:GER EXTERNAL3
DCL OTHERSWGT INTEGER EXTERNALs
DCL DISTSSEATS! INTEGER EXTERNALS
DCL MAINSFUEL INTFGER FXTERNAL$
DCL AUXSFUEL INTEGER EXTERNAL$
DCL TOSFUEL INTFGER EXTERMALS
DCL TOSACSWGT INTEGER EXTFRNALj
DCL CGSPOS INTEGER EXTERNAL:
DCL FWDSCG INTEGER EYTERNAL$
DCL AFTSCG INTEGER EXTERNAL3
DCL FMPTYSWGT INTFGER DATA (4839)%
.DCL EMPTY$CG INTEGER DATA (4832) /* CG IN INCHES TIMES 32 w/ /*ECN 076%/%
MULDIVsPROCEDURE (A,B,C) INTEGER EXTERNAL:
DCL (A,B,C) INTEGER: :
END MULDIV3

WEIGHTS$ANDS BALANCE s PROCEDURE PUBLICH
/% TAKEOFF FUEL WEIGHT */3
TOSFUEL = MAINSFUEL + AUXSFUELS
/% TAKEOFF WEIGHT */

TOSACSHGT = EVMPTYSWGT
TOSFUEL
SEATI$2
SEAT3s$4
SEATSS$6
AVSBAY
NOSESBAY
WINGSLOCK
AFTSCABIN
OTHERSHGT 3

/% FORNWARD CARGO LIMIT w7/

TR

IF TOSACSWGT <= 5000

THEN .
D03 -

FWDSCG = 4720 - /% 147.5 SCALED 10 */t

ENDDO3 ' '

ELSE
DOs i : )

/% FORWARD LINIT = 147.49 + .00252 (TAKEOFF WEIGHT « 5000) */3

PAGE
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T¢

3¢
37
38

39
40
42
43
44
¢5

45
47

48

-49

50

N W e

NwwwhiN wienhn N

A

FUDSCG .= 4720 + 2 # (TOSACSWGT - 5000) / 25
ENDDOS
- ENDIF /% TOSACSWGT <= 5000 */3

/% AFT CARGO LIMIT #/

IF TOSACSWGT <= 5000
“THEN
DOt
AFTSCG = 5126 % 160,187 SCALED 10 »/3%
ENDDO3
ELSE :
DGt .
/% AFT LIMIT = 160.20 - .00125 (TAKOFF WEIGHT ~ §900) /3
AFTSCG = 5126 - (({ TOSACSWGT - 5900) 7/ 25 )3 .
ENDDO3
ENDIF /# TOSACSWGT <= 5900 */3%

/* CENTER OF GRAVITY */

/% CENTER OF GRAVITY = [ EMPTY CENTER OF GRAVITY (EMPTY NE!GHT)
152 (FUEL MAIN)

164 (FUEL AUX)

186 (WING LOCK)

137 (SEATS 1 & 2)

175 (SEATS 3 & 4)

218 (SEFATS 5 & 6)

32 (AVIONICS BAY)

71 (NOSE BAY)

266 (AFT CABIN)

(DIST BEHIND SEAT | + 137) (OTHER WEIGHTY 1}

LR IR A N I R

DIVIDED BY TAKFOFF WEIGHT

*/

CG$POS =((MULDIV ( EMPTYSCG, EMPTYSHWGT, TOSACSWGT 1))
+(MULDIV ( 4864, MAINSFUEL, TOSACSWGT 1))
+(MULDIV ( 5248, AUXSFUFL, TOSACSWGT ))
+(MULDIV ( 5952, WINGSLOCK, TOSACSHGT ))

" +(MULDIV ( 4384, SEAT162, TOSACSWGT ))
+(MULDIV ( 5600, SEAT3s4, TOSACSHGT 1))
+(MULDIV ( 6976, SEATS5s$6, TOSACSWGT ))
+(MULDIV ( 1024, AVSBAY, TOSACSWGT ))
+(MULDIV ( 2272, NOSESBAY, TOSACSWGT ).
+(MULDIV ( 85i2, AFTSCABIN TOSACSWGT ))
+(MULDIV (.DISTSSFATSI + 4384, OTHERSWGT, TOSACSWGT ¥

END WEIGHTSANDSBALANCE:
END WGTBAL?



43

PL/H-86 COMPILER

WGTBAL

CROSS-REFERENCE LISTING

48

DEFN ADDR SIZE NAME, ATTRIBUTES, AND REFERENCES
23 0000H 2 A v es v e INTEGFR PARAMETER 24
. 10 000OH 2 AFTCABIN + & & & INTECER EXTERNAL(5) 29 48
20 COOOH 2 AFTCG. « o o o o o INTEGER EXTERNAL(15) 41 45
I5  0000H 2 AUXFUEL. o o o o » INTEGER EXTERNAL(10) 28 48
8 O0000H 2 AVBAY. o 4 o o o-e INTEGER EXTFRNAL(3) 29 48
23 0D00H 2 Bi ot v oo v osa e INTEGER PARAMETER 24
"23  0OCOH 2 Cow oo o o a aia INTEGER PARAMETFR 24
18  00N0H 2 COPOS. o v o o o « INTEGER EXTERNAL(13) 48
2 DCL. v « o o « o o  LITFRALLY A
13 0000H 2" DISTSEATI. o o o INTEGER EXTFFRNAL(8) 48
22 0002H +2 FEMPTYCG. o o« o o o INTEGER. DATA 48
21 0000H 2 "EMPTYWGT o« o o o » INTFGER DATA 29 a8
3 ENDDO. « o « « o o  LITERALLY" _
4 ENDIF. « « o v o o  LITERALLY .
19 COOOH 2 PUDCG. o o o s o o INTEGER EXTFRNAL(14) 32 36
14 00OOH 2 MAINFUEL « « o o » INTEGER EXTERNAL(9) 28 48
23  0000H MULDIV . . « o« « «  PROCEDURE INTEGER EXTERNAL(I
9  00O0H 2 NOSEBAY. « « « o & INTRGER EXTERNAL(4) 29 , 48
12 ONOOH 2 OTHERWGT . « + o & INTEGER EXTERNAL(7) 29 " 48
5  00OOH 2 SEATI2 « ¢ o a o » INTEGER EXTERNAL(0) 20 48
6 0000H 2 SEAT34 ¢ o o o = & INTEGER EXTERNALC1) 29 48
7 OOQOH 2 SEAT56 o o s o o & INTEGER EXTERNAL(2) 29 48
17 O000H - 2 TOACAGT. o« o o o & INTEGER EXTERNAL(12) 29 30
16 0000H 2 TOFUEL « o o & o & INTEGER EXTERNALC11) 28 29
26 O0000H 342 WEIGHTANDBALANCE . . PROCEDURE PUBLIC STACK=000CH
1 ‘0N00H WGTBAL + . o « « »  PROCFDURE STACK=0000H
11 O000H 2 HWINGLOCK . 4 o & & INTEGER EXTERNAL(6) 29
MODULE INFORMATION® _
CODE AREA SIZE = 0156H 342D
CONSTANT AREA SIZE = 0004H 4p
VARIABLE AREA SIZE = 0000H oD
MAXIMUM STACK SIZE = OQOCH = 12D

125 LINES READ
O PROGRAM ERROR(S)

END OF PL/M-86 COMPILATION

6) STACK=0000H
9

36

39

45

48

418

11720/81
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