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[57l ARsTRAff 
An Lrsa Doppler Velociwter multiplexer interface 
(20) includes an event pulse s y n c h m n k r  (162). which 
Syachronues ' data pulses fromevents A, Band C. Clock 
mtrol(164) is mmcctal to receive timing information 
011 the data pulses from the sync- (162). Displays 
(-26,211) are CCHLlKcted to receive clock signals from 
the clock control (164) for idcathg a data rate for 
ach of the masured events A, B rrad C. Display (30) is 

to rccdve Clock &MIS h the Clock c ~ n -  
trol (164) to bdicatc a coincidmcc ratebctwear data 
pulses for any 3clectcd combination of the measured 
events A. B and C. A multiplexer (EM) receives the data 
putses from the events A, B and C and rate data from 
the clock control (164). Multipkxer (156) has output 
(180) for snpplyins the data pulses and rate data to a 
single input of a data proceosine system. A multiplexer 
control (lS8) ircuma3cd to supply caatrol sign& to 
thedtipkxer(ls6) forsdcamg theevent data puises 
d the rate data fix output fran the multiplexer (156). 
M u l ~ c o n t r d ( l S 8 ) r r c e i v a s m . ~ ~ ~  fromthe 
pulse syachroaizer (162) aad user sekcted inputs for 
desired outputs from multiplexer (rss). 
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LASER DOPPLER VELOCIMETER 
MULTIPLEXER INTERFACE FOR 

SIMULTANEOUS MEASURED EVENTS 

ORIGIN OF THE INVENTION 
The invention described herein was made by an em- 

ployee of the U.S. Government and may be manufac- 
tured and used by the Government for governmental 
purposes without the payment of any royalties thereon lo 
or therefor 

5 

BACKGROUND OF THE INVENTION 
1. Field of the Invention 
This invention relates to a high speed multiplexer 

interface for connecting a laser Doppler velocimeter 
(LDV) or other apparatus providing a number of data 
channels in different formats at high data rates to a data 
processing system. More particularly, it relates to such 
an interface which is capable of receiving randomly 20 
occurring data at a very high rate and providing the 
data to the data processing system in a variety of for- 
mats. 

2. Description of the Prior Art 
LDVs have proven to be very valuable tools for 25 

measuring velocity characteristics of moving fluids, 
particularly for measuring air flow around airfoils and 
similar structures in wind tunnels. The basic principle of 
operation is that coherent laser light scattered from 
particulate matter in a fluid moving with a particular 30 
velocity will be Doppler shifted by an amount deter- 
mined by the laser wavelength. In particular, an LDV 
system measures flow velocity by splitting a coherent 
light beam from a laser and then directing the resulting 
two beams to cross at the wint where the velocity is to 35 
be measured. The crossed beams establish an interfer- 
ence pattern (fringes) in a very minute volume. The 
spacing of the fringes can be determined accurately 
from the relative angle between the beams and the 
wavelength of the laser beam. When the fringe volume 
is penetrated by a small particulate matter moving at the 
velocity of the wind tunnel flow, periodic light is re- 
flected off the particle each time it crosses a fringe. This 
periodic burst of light can be detected by a photomulti- 
plier tube. The resulting RF signal burst can then be 
procased by an LDV signal processor, which provides 
a digitized value of the R F  period or the time of cross- 
ing between two fringes. With the fringe spacing 
known, and by measuring the signal period, the particle 
velocity can be computed. It is often desirable to mea- 
sure different LDV parameters simultaneously to give a 
more complete description of the fluid flowfield being 
studied. Because of the high data rates generated by 
LDVs and the amount of signal processing of the LDV 
data required to characterize the fluid flow, LDVs 
place rather Severe demands on data processing systems 
to which they are connected and to data interfaces 
between the LDVs and the data processing systems. 
LDVs are described, for example, in the following is- 
sued U.S. Patents U.S. Pat. No. 3,860,342, issued J i .  
14. 1975 to Orloff et al.; U.S. Pat. No. 3,895,872, issued 
July 22, 1975 to Dandliker et al.; U.S. Pat. No. 
3,897,152, issued July 29, 1975 to Farmer et a1 ; U.S. Pat. 
No. 4,063,814, issued Dec. 20, 1977 to Rhodes; U.S. Pat. 
No. 4,148,585, issued Apr. 10. 1979 to Bargeron et al.; 
U.S. Pat. No. 4,167,329, issued Sept. 11, 1979 to Jelalian 
et al. and U.S. Pat. No. 4,346,990, issued Aug. 31, 1982 
to Rhodes. The state of the art in LDVs is further indi- 
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cated in Durst et al., “Influence of Gaussian Beam 
Properties on Laser Doppler Signals”, Applied Optics, 
18, NO. 4, pp. 516-524, Feb. 15, 1979. 

LDV multiplexer interfaces are commercially avail- 
able under the designations Models 1998D-1 and 1998H- 
1 from TSI, Inc., St. Paul, Minn. These interfaces will 
output real time between LDV events, relative time 
between LDV events referenced to some external 
source, synchronize outputs from up to four counters, 
and serve to connect an LDV to a Digital Equipment 
Corporation PDP-11 minicomputer. However. these 
interfaces do not output event status in random mode. 
do not provide outputs for allowing convenient user 
selection of output clock frequency, are limited in the 
number of words that can be multiplexed to the com- 
puter, do not provide analog outputs, whether synchro- 
nized or not, do not provide a way for the user to keep 
track of elapsed time, and do not provide an indication 
of LDV event rate to the user. These interfaces also 
have a handshake logic which inhibits the rate of data 
transfer to the computer, are limited to use with one 
type of computer, and do not allow operation of the 
interface with signal processors included in the inter- 
face in an inhibited mode. These are all characteristics 
which cause problems for users of these commercially 
available LDV event multiplexer interfaces. 

A variety of other multiplexer interfaces and related 
systems are also known in the art. For example, the 
following issued U.S. Patents relate to such interfaces 
and related systems: U.S. Pat. No. 4,071,887, issued Jan. 
31, 1978 to Daly et al; U.S. Pat. No. 4,090,248, issued 
May 16, 1978 to Swanson et al; U.S. Pat. No. 4,159,532, 
issued June 26, 1979 to Getson et al; U.S. Pat. NO. 
4,161.77. issued July 17, 1979; U.S Pat. No. 4,188,617, 
issued Feb. 20, 1980 to Fauchier and U.S. Pat. No. 
4,434,488, issued Feb. 28, 1984 to Palmquist et al. How- 
ever, the systems described in these patents are not 
designed for supplying LDV data to a data processing 
system, and they are therefore not capable of overcom- 
ing the above limitations of prior art multiplexer inter- 
faces designed for that purpose. 

SUMMARY OF THE INVENTION 
Accordingly, it is an object of this invention to pro- 

vide a multiplexer interface which outputs status of 
randomly occurring LDV events or other signal inputs 
to the interface to enable the user to identify which 
events took place or which sources are providing sig- 
nals. 

It is another object of the invention to provide a 
multiplexer interface which provides an output identify- 
ing a user variable clock frequency of a time interval 
counter. 

It is a further object of the invention to provide such 
a multiplexer interface which permits user Selection of 
the time interval counter clock frequency from a front 
panel of the interface. 

It is still another object of the invention to provide a 
multiplexer interface which gives an indication to the 
user that a change in clock frequency is desirable for 
optimum resolution. 

It is yet another object of the invention to provide 
such an LDV multiplexer interface which will rnulti- 
plex a user selectable increased number of data words 
into a single computer port. 

. 
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It is a still further object of the invention to provide In still another aspect of the invention, an analog to 

such a multiplexer interface capable of supplying a plu- digital converter having a plurality of channels for re- 
rality of analog measurements at a high speed. ceiving measured event analog dignals is connected to 

It is another object of the invention to provide such a supply digitized analog signal pulses to the multiplexer. 
multiplexer interface which will convert such analog 5 In a still further aspect of the invention, the synchro- 
measurements to digital form, synchronized with the nizing means is connected to supply an enabling signal 
occurrence of a measured event. to an event measuring means. The multiplexer control 

It is still another object of the invention to provide a means is COMCC~C~ to supply an inhibit signal to the 
multiplexer interface with indications of a plurality of event -measuring means. The synchronizing means is 
event rates and an indication of event rates for any 10 CoMCcted to supply an inhibit signal to the multiplexer 
combination of synchronid one of the plurality of control means 
events. A multiplexer interface in accordance with this in- 

It is yet another object of the invention to provide a v e n h  allows increased multiplexing flexibility for 
multiplexer intaface having an improved hendzhrlrr supplyiug data on measured events, either digital in 
logic with a data process@ system, which minimi,ra 15 form or analog form converted to digital, to a data 
M e r  time and release of a bus of the data procasing processiae systun. Incrrased information is provided to 
System. a user of the multiplexer interface, allowing better user 

It is a st i l l  further object of the invention to provide control of selectable operating parameters. The in- 
such a multiplexer interface which is hadmall y com- creased information can also be used for adjusting the 
patible with more than one type of miaicompUter. 

It is a further object of the invention to provide a The attainment of the foregoing and related objects, 
multiplexer interface for supplying data from a plurality advantages and features of the invention should be more 
of events that allows the user to prevent OIK signal readily apparent to those skilled in the art, after review 
processor in the interface kom recycling from OIK ofthefollowingmorcdctaileddcscriptionoftheinven- 
event while the interface is waiting for signah hwn 25 tion, taken togaher with the drawings, in which: 

M event measuring apparatrrs 

- - 
another event on another &pal procam.  

such a multiplexer intcrf.ce in which the inhibit func- 
tion also holds the outputs of each signal processor 
steady while multiplexing is taking p l r c  

The attainment of thcse and related objects may be 
achieved with the novel multiplexer interface for LDV 
and similar appkatkms herein disclosed A multiplexer 
interface in accordlllce with this invention includes a 
means for synchronidng data pulses from a plurality of 35 plexer intcrfkc shown in FIGS. 1 and 2. 
measMdevents. Aclockmtrolmeansisconncctedto 

synchronizing means. A fifft display means for errch of 
thepluralityofmeasuredeventsisconacctcdtore#ive 

ing a data rate for each of the rmsured events. A sec- 
ond display me4118 isamncckdto &ve clock signals 
fromtheclockcontrd muustoindicrtcacoincidence 
rate between data poises for a sdeacd pairof the ma- 
surcd events. A multiplexer is amnecwd to receive the 45 and 3b. 
data pulses from the plurality of events aud rate data 
from the clock control mean& The multiplexer has an 
output for supplying the data pulses to a singk input of 
a data processing system. A control means for the multi- 
plexer is CoIIIYcted to supply control signals to the 50 FIGS.hand36. 

It is sa another object of the invention to pro* BRIEF DESCRIPTION OF THE DRAWINGS 
FIG. 1 is an external. front view of a multiplexer 

FIG. 2 is a rear vkw of the multiplexer interface 

FIG. 3 is a key showing piacemat of FIGS. 30 and 

FIGS. 3a and 3b arc a block diagram of the multi- 

FIG. 4 is a key showing placement of FIGS. 4a and 

FIGS. 4a and 46 arc a more dccniled block diagram 
of a portion of the multiplexer interface shown in 

FIG. 5 is a key showing placement of FIGS. So and 
sb. 

FIGS. So aud 56 arc a morc dcclliled diagram of a 
portion ofthc multipkxer inkdace shown in FIGS. 30 

FIG. 6 is a key showing placement of FIGS. Q and 
6h 

FIGS. Q and &area moredetailed block diagram of 
another portion of the multiplexer interface shown in 

interface in rrccordance with the invention. 

shown in FIG. 1. 

36. 

30 

rrccivetimiaginfo~onthedatapulaesfromthe 4& 

clock Signals hwn tbe clock control MIUIS for indicat- 40 FIGS. 3a lad 36. 

DETAILED DESCRIPTION OF THE 
INVENTION 

multiplexer for selecting the event dara pulses for out- 
put from the multipkxing means The multiplexer con- 
trol means isconmcted to rcceivc start signals from the . .  -Pulse- g meats and user selected inputs Turning now to the drawings, more particularly to 
for desired outputs from the multiplexer. 55 FIG. 1, there is shown an LDV multipkxcr interface 20 

In another aspect of the invention, a time interval inaccadancewiththeinv~tion.Frontpanelf2ofthe 
counteriacomvaed to ~ v e c o n t r o l  signals from thc multiplexcrintafrce #)includasi~-digitdisplays24,26 
clock control means and a third display mans is am- and 28 for iadicpting the pulse rate of data for Werent 
nected toindicrteowrnoWofthetimin~cormta. LDV events A. B aud C. A fourth &-digit display 30 

datapuisestothemultipkxcr. Theclockconrrolmenm k B .ad C, dcpcndhg on thc modc sekcted. Buttons 
isconneaed to supply auscr selectable clock frequency 32, 36,s aud 40 allow user selection of the events 
to the time interval coulltcT. A, B and C to be synchronized, Le.. the pulses of which 
In a fiutha aspect of the invention, a status word events occurring within a user defined time interval 

latch is connected to receive measured event status 65 should be provided as related event outputs, or a ran- 
signals from the synchronizing means The status word dom mode of operation. Knobs 42 and 44 respectively 
latch is connected to supply status data pulses to the allow choice of a coincidence time interval and a dead 
multiplexer time interval. Jacks 43 and 45 respectively provide 

The time intcrv8l counter is cometcd to sopply time 60 indic;rtescoiacideaarataamongvariolrroftheev~ts 
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outputs of the user selected coincidence time and dead control 164, a real time interval countedtime word 
time intervals. Buttons 46, 48, 50, 52, 54 and 56 allow latch 166 and a status word latch 168. 
user selection of a counter clock frequency by order of The 8-word multiplexer 156 accepts up to eight digi- 
magnitude between 100 Hz and 10 MHz. LED 58 is a tal word inputs. Words 1 and 2 are time and status data, 
time interval counter overflow indicator, useful for user 5 respectively from the interval counter/time word latch 
selection of the counter clock frequency with buttons 166 and the status word latch 168 of synchronizer board 
46 through 56. Jacks 60, 62 and 64 provide three chan- 160 on buses 170 and 172. Words 3-8 are digital inputs 
nels of LDV event data A, B and C inputs, respectively, from the LDV and A/D converter board 174 on buses 
from an LDV event measuring apparatus. Jacks 66, 68 176 and 178, respectively. With the event mode switch 
and 70 respectively provide LDV inhibit outputs from 10 80 (FIG. 1) set for LDV, the interface 20 transfers only 
the multiplexer interface 20 to the three A, B and C digital data inputs, while combined digital and analog 
channels of the LDV event measuring apparatus, used data are transferred with the event mode switch 82 
when the interface 20 is transmitting data to a data (FIG. 1) set for LDV-A/D. The multiplexer 156 pro- 
processing system. Buttons 72 and 74 respectively allow vides a 16 bit multiplexed data output on bus 180 to 
selection of an external time counter reset or an internal IS either a PDP-11 or HP 98032A system, depending on 
time counter reset. Jack 76 provides the external reset user selection with switches 98 and %, respectively 
input to the multiplexer interface 20. Switch 78 allows (FIG. 1). The binary status of the transferred data word 
user selection of a 0.1 or a 1.0 second LDV event gate is displayed by word data status indicators 94 (see also 
time. Buttons 80 and 82 respectively allow a choice FIG. 1). The multiplexer 156 is sequenced through the 
between a mode of operation for the interface in which 20 8-word inputs on buses 170,172.176 and 178 by a three- 
all digital LDV event data pulses are supplied or a mode bit word select input from the multiplexer control cir- 
in which a combination of digital pulses and analog cuit 158 on bus 182. 
signals, which must be converted to digital signals, are The multiplexer control circuit 158 controls opera- 
supplied to the interface 20. The interface 20 provides tion of the 8-word multiplexer 15 by control signals on 
the ability to synchronize the analog conversion to 25 bus 182, the A/D converter 174 by control signals on 
LDV events. Buttons 84, 86. 88 and 90 respectively lines 184, 186 and 188 and receives and provides hand- 
allow user selection of 2, 4, 6 or 8 words to be multi- shake signals from and to the PDP-11 or HP processor 
plexed in operation of the interface 20. LEDs 92 indi- on lines 190, 192, 194, 1%. 197, 198, 200 and 202. The 
cate the status of each word, Le., which word is being status of the handshake protocol is depicted by the 
transmitted. LEDs 94 indicate the value of each bit in 30 handshake status LEDs 100 and 102, connected to the 
the word being transmitted. Buttons 96 and 98 respec- multiplexer control 158 by lines 203 (see also FIG. 1). 
tively allow user selection between the handshake pro- For the PDP-11 minicomputer (at its initial ready 
tocol for Hewlett Packard computers, i.e., the HP-9800 state), the CPU of the minicomputer is on and ready, 
series, the HP-200 series, the HP-1000 series, and the which is indicated by a lit RDY LED 102. In this state, 
HP-multiprogrammer. and the DEC PDP-11/34 and 35 the interface 20 is disabled, Le.. the occurrence of an 
PDP-11/44 minicomputers. LEDs 100 indicate the LDV event will not be acknowledged. Computer soft- 
handshake status for the HP protocol and LEDs 102 ware loads the various DRll-B registers of the minicom- 
indicate the handshake status for the PDP-11 handshake puter with the proper initial information. The CPU of 
protocol. Button 104 allows selection of a manual event the minicomputer then initiates a GO, which clears the 
for input to the interface 20, and button 106 is a system 40 RDY LED 102 and lights the GO LED 102. In this 
reset for the interface 20. state, the interface 20 is enabled and waits for an LDV 

FIG. 2 shows back panel 110 of the interface 20. event pulse input, at which time the multiplexer cycle is 
Connectors 112, 114, 116, 118, 120 and 122 allow input initiated. With the multiplexer cycle initiated by an 
of up to six different ldbit digital words from an LDV LDV event, the interface 20 sets the single cycle com- 
event signal processor. Jacks 124, 126, 128 and 130 45 mand (single cycle state) and generates the first cycle 
allow input of up to four different analog signals from request (cycle request state), lighting the cycle request 
any of a variety of analog type sensors. Connector 132 LED 102. Both signals are applied to the PDP-11 mini- 
provides multiplexed output of the signals supplied on computer. The single cycle command asserts a direct 
connectors 112-122 and digitized information corre- memory access (DMA) data transfer mode and inhibits 
sponding to the analog signals supplied on jacks 50 the CPU of the minicomputer from servicing other 
12&130 to a PDP-11 minicomputer. Connector 134 peripherals until the single cycle command is reset. 
similarly supplies the multiplexed signals to a Hewlett Upon receipt of the cycle request, the CPU sets CPU 
Packard minicomputer. Connectors 136, 138, 140 and busy high and transfers the first data word on bus 0-15 
142 also provide separate outputs of the digitized analog word data LEDs 94 momentarily display the 180. The 
signals which can be jumpered to the digital input jacks 55 binary status of each bit of the transferred data word. At 
112 to 122, if desired. the end of one data word transfer, the CPU busy is reset 
FIGS. 3a and 36 are a block diagram of the multi- low and increments the multiplexer 156 to the next 

plexer interface 20. The multiplexer interface consists of word, then generates another cycle request to the CPU 
a multiplexer section 150 (FIG. 36) and a synchronizer interface and the next transfer takes place. The word 
section 152 (FIG. h). The 8channel multiplexer sec- 60 status LEDs 92, C O M e c t e d  to the multiplexer control 
tion 150 consists of multiplexer board 154 and associ- circuit 158 by lines 204, sequentially light and extinguish 
ated front panel switches and indicators (see also FIGS. as each word is transferred (word count done state). 
1 and 2). The multiplexer board 154 includes an 8-word- This process repeats until the last word is transferred, at 
multiplexer 156 and a multiplexer control circuit 158. which time the event arm (single cycle command) is 
The synchronizer section 152 consists of synchronizer 65 reset. and the number 1 LED of the word status LEDs 
board 160 and associated front panel switches and indi- 92 lights. At the end of the LDV event, the CPU pro- 
cators (see also FIGS. 1 and 2). The synchronizer board gram determines if the programmed number of events 
160 includes an event pulse synchronizer 162, a clock to be -pled is complete (event count done state). If 

. 
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not done, the interface 20 returns to the GO state and SELECTABLE CLK has six frequency outputs based 
awaits the next LDV event. which initiates another on the setting of counter clock frequency switches 
cycle. If complete, the interface 20 is disabled and the 46-56 (FIG. 1). LDV events A, B and C may be time 
CPU yts RDY high. referenced to an external event by use of the external 

For the HP minicomputers, at its initial state, the 5 reset event input 76 (FIG. 1). With reset mode switch 72 
minicomputer SPU is in a ready state and the interface set for external reset, inputting an external reset event 
20 is disabled, which is indicated by a lit C l U  LED on jack 76 results in an ANY EVENT signal on line 212 
100. The CPU initiates a GO, which clears the C T L O  and a data transfer from the interface 20. Tbe external 
LED 100 and lights the PCTL LED 100. In this state. reset event now performs the same control functions on 
the interface 20 is d l c d  and waits for an event pulse 10 the the interval counter 166 as previously described 
input, at which time the transfer by multiplexer lS6 is except that it alone controls the r s e t  for the real time 
initiate& The interface 20 sets the transfer request intervalcounter166.ThdoreforaneventA,BorC, 
(PFLG) command low (iterface 20) ready for the next the counter loads out updated time data without inter- 
transfer. Upon receipt of PFLG low, the CPU transfers ruption and continues counting until an external reset 
the fint data word and then sets PCTL low. The 0-15 15 r s e t s  the counter 166. Event status inputs on lines 222 
word data LEDs 94 momentady display the binary and external reset signals on line 224 axe applied to the 
status of each bit of the transferred data word. At the status word latch 168 to indicate which events initiated 
end of the data word transfer, the CPU sets PCTL high, the data transfer. The time latch 166 provides a 16-bit- 
which is detected by the intcrtkx 20 (pen, set, CPU word output to the multiplexer 156 on lines 170, repre- 
requesting new data). If the transferred word is not the 20 senting the count of the rcal time interval counter 166. 
last word, the interface 20 increments the multiplexer If the counter 166 reaches a full count before an event 
156 to the next word. The word status LEDs 92 scqucn- occurs, it provides a CTR OVERFLOW EVENT sig- 
tially light and extinguish as each word is transferred. nal on line 226 to event pulsc synchronizer 162 and to 
This process repeats until the lart word is transferred. the status word latch 168 on l i e  US. The CTR OVER- 
The nmainder ofthe transfer process is the same as that 25 FLOW EVENT rcsulb in an ANY EVENT signal on 
for the PDP-11. line 2 U  and 214, which transfers a full time count to 

During transfers, the LDV INHIBIT is set high to multipkxcr lS6 from counter 166 on lines 170. The 
prevent the LDV signal pnxxssor from processing a status word latch transfers an &bit data word on l i  
second event that is too close to the event being tram- 172. Three bits of this word arc event status of A, B and 
ferred MUX INHIBIT is ORed in an inhibit gating 30 C, one bit isan external resct event status, athrcc bit 
Circrrit of the syncfironiza boud 160 with event pulse code rcpresen*r the sekctcd counter clock frequency 
inputs A, B and C on lines 2W. to produce the LDV and one bit rrpnsen*r counter overflow. Sequential 
INHIBIT signal on line 206. The ORed inhibit is only control logic drives theevent ratedisplays 24.26and 28 
sent to the LDV processoff that input an event. The and coinckhcc rate displays (FXG. 1). T h e  displays 

speedprocegonsothatasignalisdyprocmedwhen eventspersecoradorO.lsecoa&asdetcrminedbythe 
the interface 20 is ready to transfer the signal. Usc of gatetimcswitch78FIG. 1). 
LDV INHIBIT signals is o p t i d  A/D converter 174 collsists of four channel A/D 

Multiplexer timing is controlled by the 10 MHz clock converter circuits 2!jO C O M ~ C ~ C ~  to a set 252 of 12-bit 
signal on line21Ofrcnn theclockcontrol164on syn- 40 latches by lines The A/D collvater circuits 250 
chronizerboard160.ASY!XEMRESETpulacisinput accept d o g  inputs from nar panel connectors lZ4, 
by turning on power, by aCPU input, or byprrssins the Us, 2% and -(FIG. 2) on lines 256 The inputs may be 
reset switch 106 (FIG. 1). The rcyt switch 106. when bipolar of +10 to -10 volts and arc.%unpled by the 

Thteventpulscsynckmu . 162.ccepgdmcevent45 ~ ~ o n ~ 1 8 8 h a I t s t b e s a m p h g ~ a n d s t a r t s  

h g  ofevent modefwitchcs 8@and82 (FIG. 1) outputs thm ktcfied into amvatcr output latches 252 by the 
ananyeventrignalonline212adline~4totbemulti- LOAD A/D LATCHES commsrsd on line 1114. The 
plexer control circuit lS8 and the clock control circuit data is read out of the latches 252 on bus 178 to multi- 
164, for either random rrmt inputs or coinciden t event u) plexer 156. The digitized analog signai is provided in a 
inpuk Events arc coiaciden t whm they occur w i t h  twos complement format, which is best suited for repre- 
thetimesabythecoincidcna time control knob 42 senting bipolar analog signals for CPU data processing. 
(FIG. 1). If two o~moremntsoa~r withinthecoiaci- The conversion time is appmximatdy 10 microseconds 
deace timZ such as A and B, whm in the A-B synchro- for the A/D conversion, with l lbi ts  of resolution, plus 
nowmodc.thcyruultinasingkANYEVENTpdsc 55 anadditionalfourmicroseamds for the sample and hold 
andarCthaebysynchronured. Durmg the transfer cy- axnpliikr settling time. Therefore the t o d  A/D conver- 

sion cycle time is approximately 14 microseconds The 
sorsisinhibited by. LDV INHIBITonline215 from A/D convaterlatchesZS2~ckucdaudset to zcro 
multiplexer control circuit lS8. In the rudom event by the CLEAR DATA C0mm;md on line 186. This 
s y n ~  modc, the dead time control knob 44 extends the 60 camnurdisenablcd(low)bycithcramanualresetwith 
inhibit timc up to so microseconds. With the reset mode button 106 or a system reset. 
set to internal with bunon 74 (nc. I), the ANY Further details of the multiplcxa section 150 arc 
EVENT pulse applied to clock control 164 on line 214 shown in FIGS. 44 and 46. All countem and latches in 
results in lording the time and status word latches 166 the interface 20 arc cleared and reset by the SYSTEM 
and 168 on lines 216 and 218, and resetting the counter 65 RESET pulse, supplied by system rcsct logic 300 on line 
166 for each event. The clock control circuit 164 pro- 302 (see also FIG. 36. This pulse is generated by the 
duces the SELEmABLE CLK frequency on l i e  220, system m e t  logic 300 in response to a CPU INIT com- 
which drives the real time interval counter 166. The mand from either the PDP-11 on l i e  304, the HP-9845 

LDV INHIBIT is typically used to slow down high 35 providc event and coinden t event rate3 in either 

Pnssed, intcmlpts any data trrnsfa in prax9. A/D CoBVQtcI Ckuits 250. The A/D.'qmvat CMD 

t h ~  CQII& proce~r  The digitized signal is inputS (A, Band C ) O ~  linesmandbrscd 011 thew- 

cle, farther event pmcembg by the LDV signal proccs- 
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on line 306, or from the reset switch 106 or when turn- 312 goes low, it enables the event detector 318 and turns 
ing on power on line 308. The system reset logic 300 off the RDY indicator 102. A high CPU GO input on 
ORs the initialize inputs and eliminates contact bounce line 360 sets GO latch 362, which turns on the GO LED 
from the reset switch input. The system reset pulse is 102 (see also FIG. 1). Typically the GO LED 102 is 
also applied to the AID converter 174 and the synchro- 5 only lit for a very short time and is cleared by the MUX 
nizer 160 (see FIGS. Sa and 6). The CPU READY and EVENT signal resulting from the first LDV EVENT 
CTLO inputsare respectively supplied on lines 312 and on line 364. The MUX EVENT pulse also sets the event 
314 through ready logic circuit 316 to event detector and single cycle latches 348 and 354. The single cytle 
318 on line 320 and the CTLO or RDY LEDs 100 and latch 354 provides a single cycle request on line 366 to 
102 (see also FIG. 1) on lines 322 and 324. The purpose 10 the PDP-11 minicomputer and to the EVENT ARM 
of either of these control bit inputs is to disable the indicator 95 (see also FIG. 1). The event latch 348 pro- 
interface 20, thus allowing software control of it by vides an ARM EN signal on line 368 to enable gate 370, 
either computer. In the non-transfer state of interface which supplies an increment signal on line 372 to the 
20, the event detector 318 waits for an ANY EVENT data word select counter 374. The event latch 348 also 
input on line 212 from synchronizer 162. The event I5 supplies an LDV event signal on line 376 to cycle re- 
detector 318 accepts the ANY EVENT pulse and, if quest gate 378. The LDV event input to cycle request 
enabled by the ready logic 316, provides a 200 nanosec- gate 378 generates the first cycle request to the PDP-11 
ond pulse on line 326. A CPU RDY or CTLO high minicomputer on line 380 to initiate the data transfer 
input inhibits the event detector 318, preventing multi- cycle. The cycle request gate delays the cycle request 
plexer transfers, and lights the RDY or CTLO LEDs 20 command 200 nanoseconds, which allows time for the 
102 or 100. single cycle request on line 366 to be recognized by the 

In the digital only LDV mode, selected with button PDP-11 DR 11-B interface, and time for the next data 
80 (FIG. l), the event detector 318, with CPU RDY word being transferred to settle on the lines when it is 
and CTLO low, detects the ANY EVENT pulse on line selected. The other output of the single cycle latch 354 
212 and applies it on line 328 to one input of event gate 25 is a MUX INHIBIT signal, supplied on line 382 through 
330 and to the 15 microsecond delay circuit 332 (dis- inhibit logic circuit 384 to synchronizer 160 on line 386. 
abled in the digital only mode). The other input to event The single cycle latch 354 is reset by either a SYS RST 
gate 330 is the BUSY DISABLE signal on line 334. signal on line 388 or an END OF TRANSFER (EOT) 
During the time that the multiplexer 156 is transferring signal on line 390, through gate 392 by end of busy 
data, the BUSY DISABLE input is high. The high 30 detector 394 and last word decoder 396, respectively 
input inhibits the ANY EVENT pulse on line 336 and connected to the gate 392 by lines 398 and 400. The 
line 188 from being applied to LDV event gate 340 and EOT signal on line 390 is delayed for 200 nanoseconds 
the A/D converters 250. When the multiplexer 156 is by delay circuit 391, which consists of two D-type flip 
not busy, the BUSY DISABLE input is low. The low flops clocked at 10 MHz, the output of which is sup- 
input enables the event gate 330, which then allows an 35 plied as the CLEAR input to single cycle flip-flop 354. 
ANY EVENT signal on line 212 to produce an LDV Delaying the EOT signal in this manner allows an im- 
EVENT signal on l i e  336 and an A/D CONVERT proved data rate transfer during a direct memory access 
CMD signal on line 188. With the EVENT MODE (DMA) through the interface 20, explained more fully 
switch 80 thrown to the LDV position a selection signal below. The cycle request pulse on line 380 is also SUP- 
on l i e  342 enables the LDV event gate 340 to supply 40 plied on line 402 to one input of two input NAND gate 
the LDV EVENT signal on line 342 to event generator 404. The other input to NAND gate 404 is the EOT 
circuit 344. The event generator circuit 344 produces a (end of transfer) enable from the last word decoder 3% 
MUX EVENT signal on line 346 to set event latch 348. on l i e  406. The output of NAND gate 404 is delayed 
Pressing the manual event button 104 (FIG. 1) also 200 nanoseconds in delay circuit 408 and is then used to 
provides an input signal on line 350 to the event genera- 45 reset event latch 348 on line 410. 
tor 344. The MUX EVENT signal is delayed 100 nano- When data word select counter 374 is initialized by a 
seconds from the inputs on lines 342 or 3sO. The MUX SYS RST signal on line 412, its output address on lines 
EVENT signal is also supplied on line 352 to set single 414 is OOO, which selects the first data word on the 
cycle latch 354. multiplexer inputs 170, 172, 176 and 178. The multi- 

In the LDV-A/D combined mode of interface 20, the 50 plexer output on bus 180 is transparent to the word 
MUX EVENT signals on lines 346 and 352 result from selected by the OOO address, and therefore outputs the 
a 15 psec delay pulse on line 355 which emanates from first word. The first cycle request is then generated on 
pulse generator 356 and feeds LDV event gate 340. The line 366 by single cycle latch 354 as a result of the LDV 
EVENT signal is delayed 15 microseconds by delay EVENT signal on line 342. The yycle request high on 
circuit 332. enabled by the LDV-A/D event mode 55 line 366 received by the PDP 11 DR ll-B interface 
button 82 (FIG. 1) to allow time for the A/D convert- resuolts in the computer setting BUSY high while read- 
eft to complete conversion. The output of event detec- ing the first data word. When the transfer of the first 
tor 318 also results in the A/D convert command on word is complete, the CPU busy lines 416,426 are set 
line 188 in this mode. The convert time is approximately low. The end of busy detector 394 receives the CPU 
14 microseconds. The purpose of the 15 microsecond 60 BUSY low input on line 416 through OR gate 418 and 
delay circuit 332 is to delay generation of the MUX generates the next cycle request (CPU event) pulse on 
EVENT signal on line 346 and 352 to allow time for the line 420. The end of busy detector 394 also generates a 
A/D converter 250 (FIG. 3b) to complete the conver- 100 nanosecond pulse on line 422 just prior to the cycle 
sion cycle before transfemng data. request pulse on line 420. The 100 nanosecond pulse 

When handshaking with the PDP-11 minicomputer, a 65 increments the data word select counter 374 to the next 
multiplexer data transfer cycle is initiated by executing data word in sufficient time for the data lines to settle 
a CPU GO in software, which clears the CPU READY before the computer responds to the cycle request on 
input on line 312. When the CPU READY input on line line 380. At the same time the last word reset low input 
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on line 400 to the clear line of AND gate 392 prevents improves the data transfer rate during a DMA is as 
a LAST WORD RST command on line 424 from clear- tllows. The DMA mode of operation of the DEC PDP- 
ing counter 374. The CPU BUSY signal is also supplied 11 provides the highest transfer rates of data into the 
on line 426 to BUSY logic 428 to light the BUSY LED computer input buffer To provide this mode of opera- 
102 and to clear the cycle request latch 430 through OR 5 tion requires the use of the DEC DRIl-B DMA Inter- 
gate 432 The data output from multlpiexer 156 on bus face. The DRLI-B interface has a SINGLE CYCLE 
180 is also applied through drivers to display the trans- control function that, when asserted by the LDV multi- 
fer. data momentarily on the word data LEDs 94. The plexer interface 20, takes control of the the system UNI- 
data word select counter 374 address output on k BYS away from the PDP- 11 CPU and allows data to be 
414 is also suppiied to data word decoder 434 on lines 10 transferred directly into an input buffer memory 
436. The data word decoder 434 provides aght  separate @MA), without being serviced by the CPU. 
drive signals on lines 438 to word status LEDs 92 by Tests revealed that the SINGLE CYCLE funcnon 
decoding the addrcss The last word decoder 396 also 381 must be asserted by the LDV multiplexer for more 
receives the data select address on lines 440 and cam- than the expected duration of time required for the data 
pares the address with the word select input from the 15 transfers. When this function is released. it returns con- 
words m d t i p w  switches Sr, 8a, %8 and 9O on lines trd of the UNIBUS b.ck to the PDP-CPU. Prrmaturr 
442. If the address matches the word select input, the release of the SINGLE CYCLE function will cause the 
Iast word &cock 396 produces a last word reset high irrst d.t. word tobescmkcd by the CPu standard 
and low. and not as a DMA. An interrupt requires 

On transfer of the last data word, the last word reset U) several machine cycles by the CPU, and consequently. 
low output of the last word decoder 396 on line 400 is much more time to perform a data transfer. 
ANDed by AND circuit 392 with the end of busy de- This extended duration needed by the SINGLE 
tector 394 100 nanosecond pulse Output on line 398. The CYCLE function was not fully appreciated until efforts 
output of AND gate 392 on line 424 clears the data were made to increase the data transfer rate. The dura- 
word select counter 374 and, on l i  390, the single 25 tion of the SINGLE CYCLE function could be ex- 
cycle latch 354. The last word decoder 396 last word tmded by delaying the CLEAR function 390 of the 
reset high output on l i  406 is ANDed with the last SINGLE CYCLE control flip-flop 354. It was found by 
cycle request on line 402 and supplied to rcsct delay expahentation that a delay of 200 IWOSCCOndS after 
circuit 1011 to rcset went latch=. As a d t ,  the data the last data CYCLE REQUEST rcsuIted in the best 
word select counter 374 is disabled The last busy input 30 data transfer rate. This delay is achieved by inserting 
to the cycle request indicator latch 430 clears the latch, two D-type flip-flops 391 clocked at -10 MHz on the 
the data word select counter 374, and tunn off the cycle CLEAR input of the SINGLE CYCLE flip-flop 354. 
rrqucst LED 102 The resulting data transfer rate achieved was 1.14 

When the multiplexer interface 20 is opuating with megabytes per sccoIlcL This data transfer rate is approx- 
an HP minicomputer, the select switch 96 is activated to 35 imatdy 50 percent higher than that of a commercially 
enable the PFLG control gate 450. The data tramfa availabk TSI, Inc. interface referenced above, intended 
cycle of the multiplexer 156 is initiated by executing a for the same application. 
CPU GO m software, which clears the CTLO on line Daaiis of the synchronizer 160 arc shown in FIGS. 
314. When CTLO goes low. it enables the went daec- Sa and 56. The synchronizer 160 generates LDV event 
tor 318 and turns off the CTU) LED 100. The went 40 puisc timing, event pulse synchronization, transferring 
pulse from event gcnmator 344 sets the event latch 348 time and status data words to the multiplexer section 
and the single cycle latch 354. The single cycle latch 150. Event tim mtcrval data is generated by clock 
3 5 4 p r o v i k a  PFLG input to PFLG amtrol4SOand trcsncnCy selector 500, Le. a variable clock and real 
lights the went arm iradicntor 95. The output of PFLG time i n t d  counter 502, Le., an upcopnter circuit. The 
Conttol gate 450 lights the PFLG LED l@Od pro- 45 10 MHr clock frequency selector so0 is pnscaled to 

h e  452, which accepts the first --ten XOkIiz, 1001rHz, 10- 1 kHz, l00Hz, 1 O H z a n d  10 
m i m a s  the CPU of the HP minicomputer sets Hz. The 1 Hz, 10 Hz, and 500 kHz outputs provide 
PCTL low. The PCTL low signal is applied through timing for the event and coincidence rate displays 24. 
the busy logiccircuib428to theaxlofbusydaector  u) 26, 28 and 30 (FIG. 1). The 1 Hz and 100 kHz and 
394 and PCTZ latch 454. The detcctor3!Upmvidcs an outputs arc provided on lines 504 and 506 through rate 
increment puke to the data word sdect CODzltQ 374 select display circuit 508 and lie 510 to event and coin- 
through AND gate 370. counter 314 is advanced to cidence rate display logk 512 Tbe 500 kHz Output is 
word f which is the next data word to be trmsfemd Jupplied 011 liw 514 to the went and coirscidence rate 
The PCTL signal resets the PCIZ latch, which sets 55 display logic 5 U  The 10 MHz output is supplied on 
PFLG high (busy). The output of axl of bury daector lines 516 and 518 as a clock frequency for the synchro- 
3 9 4 o n l i n e 4 S i s d e l . y e d 3 o o ~ t h c n ~ e b t h c  nirer4ection160andthcmultiplacrsection15o.Tht 
FCTL latch 454, which in turn sets PFLG low and SELECTABLE CLK frequency is supplied on lines 
d t s  in transfaring the next data word. This process 520 as the dock frequency for real time interval counter 

wordrrsaon~4oo.ThecyCierrpatswhn~evart to gate time sekt  switch 78 (FIG. 1). A 1 Hz gate 
signal sets single cycle rcquut latch 3% which sets fnsucncy displays went/secoad while a 10 Hz gate 
PFLG. The multipkxa interface 20 is connected to HP frequency displays cvents/O. 1 second (XlO). The 500 
~ C O m p u t a S  h i g h  an HP 98032A &bit interface, k& output on h e  514 is used to drive the display logic 
or on newer HP systcms, an equivalent which emulates 65 SU. Event and coincidence event pulses received from 
that interface. the event pulse detectors 522 on lies 524 and the coin- 

The manner in which the presence of the 200 nano- cidenct events AND gate 526 on line 528 sequence the 
second delay circuit 391 in the multiplexer section 150 displays 24.26.28 and 30. The counter clock frequency 

videsaPFLGlowsignaItotheHP on pr0vidcaghtrdditionoloutpntfreq~of1MHz. 

Una the hSt Word decoda SU&k a kst 60 ~ 2 . T h e d i S P h y ~ ~ ~ S C k t ~ t 5 0 8 ~ C O M ~  
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switches 46,48, 50, 52, 54 and 56 (FIG. 1) provide six pulse generator 598 produces a 5-50 microsecond coin- 
outputs, which are supplied on lines 530 to switch en- cidence time pulse on line 600. The coincidence time 
coder 532, then supplied on line 534 to the clock fre- pulse is applied to time-coincidence gate 526 on line 602 
quency selecter 500 and on lines 536 to status word and to event reset latch 604. The time-coincidence gate 
latch 538. The decoded switch output is transferred as 5 526 also receives the latched coincident events on line 
part of word 2 of an event data transfer. 606 from coincidence events gate 608. The coincidence 

The synchronizer 160 accepts up to three separate events gate 608 accepts latched events signals on line 
event pulses from an LDV on event pulse input lines 610 and synch mode select inputs from the event synch 
540, connected to the event pulse detectors 522. The mode switches 32-40 (FIG. 1) on lines 614. When 
separate event pulses have a minimum pulse duration of 10 latched events are present for the selected synch mode 
2ob nanoseconds, and are applied to three separate 
event pulse detectors within block 522. Each event 
pulse detector produces a uniform 100 nanosecond 
event pulse output regardless of the quality of the event 
pulse input. These event pulses are applied to random 
OR gate 542 on lines 544, event latches 546 on lines 548, 
sync-time mode logic 594 on lines 593 and the event and 
coincidence rate display logic 512 on lines 524. The 
inhibit circuit OR gate 542 passes all inputs as random 
events pulses, which are applied on line 550 as one inptt 
to NAND gate 552. With line 554 (MUX INHIBIT) 
high, NAND gate 552 allows the first random event 
pulse on line 550 to trigger the dead time pulse genera- 
tor circuit 556 through a 2 microsecond delay circuit 
558 on lines 560 and 562. The delayed random events 
pulses are also supplied on line 564 as one input to LDV 
event gate 566. The delayed random events pulses are 
ORed with synched LDV events pulses supplied on line 
568 by the event gate 566. The resulting ANY EVENT 
outputs on l i e  570 are supplied to counter control 
circuit 572. The dead time pulse generator circuit 556 
outputs a 5 to 50 microsecond pulse as set by the front 
panel dead time control 44 (FIG. 1). Dead time may be 
monitored at the front panel connector 574. Dead time 
is applied on line 576 through AND gate 578 to inhibit 
gate circuit 580 on l i e  582. The inhibit OR gate 580 
also receives latched event signals on lines 584 and 
MUX INHIBIT signals on line 586 and provides from 
one to three LDV INHIBIT commands to the LDV on 
lies 588 and to the front panel LDV INHIBIT output 
connectors 66, 68 and 70 (FIG. 1) on lines 590. The 
LDV INHIBIT outputs prevent the LDV signal pro- 
cessors from processing further events while the multi- 
plexer interface 20 is transferring event data. When an 
LDV event A, B or C occurs and is latched by the event 
latches 546, it is applied to the appropriate INHIBIT 
OR gate in inhibit OR gate circuits 580 for the applica- 
ble event channel A, B or C. The latched event is gated 
out as LDV INHIBIT on the applicable channel on 
lines 588 to inhibit that channel's signal processor. Two 
microseconds later, dead time is applied to all of the 
inhibit OR gates 580 and is followed by MUX IN- 
HIBIT. The duration of the inhibit depends on which is 
greater. the duration of dead time (up to 50 microsec- 
onds), or the duration of MUX INHIBIT (up to 30 
microseconds). 

The LDV random event outputs are applied on lines 
593 along with the synchronous mode positions selected 
by event synchronous mode switches 32-40 (FIG. 1) to 
synchronous mode gates 594. Only one synchronous 
mode select input, A-B, A-C, B-C or A-BC is input at 
one time. The select mode input enables an AND gate 
in sync -time mode logic 594, which accepts the desig- 
nated LDV random event inputs. The leading edge of 
the first event input required for coincidence is passed 
through the mode logic 594 as a START SYNC on line 
5% to trigger the synch time pulse generator 598. As set 
by the front panel dead time 28 control 44 (FIG. 1). 

within the 5-50 microsecond synch time, the synch gate 
526 produces a SYNCED EVENT output pulse on line 
616. The SYNCED EVENT output increments the 
coincidence rate display 30 (FIG. 1) and results in an 

IS LDV EVENT output on line 570 through event gate 
566. The LDV EVENT output is also supplied on line 
618 to the event reset latch 604, which clears the event 
latches 546 on line 620 and resets the synch time pulse 
generator 598 on line 622, either after an ANY EVENT 

20 input or on the trailing edge of the synch time input on 
line 600, if a synch event has not occurred. 

LDV event gate 566 produces an ANY EVENT 
output on line 570 from a SYNCED EVENT on line 
568, an external event or counter overflow on line 624, 

25 or a random event input on line 564. A random enable 
input must also be present on line 626 to produce an 
ANY EVENT output from the random events input on 
line 564 from random event synch mode switch 40 
(FIG. 1). External time counter reset switch 72 (FIG. 1) 

30 must be set to enable the external event circuits to pro- 
duce the external event input on line 624. An external 
reset input or CTR overflow input also sets external 
event latch 628 on line 630. The output of external event 
latch 628 is applied to status word latch 538 on line 632. 

35 The latch output also disables a NAND gate controlling 
event gate 566. If the NAND gate is not disabled, it 
passes LDV events through event gate 566 to counter 
sequential control logic 572. The control logic 572 is 
also triggered by the CTR overflow output of real time 

The ANY EVENT output of event gate 566 is also 
applied to a two microsecond delay circuit 640 on line 
642 and to the counter control circuit 572. The any 
event signal is delayed two microseconds and applied to 

45 multiplexer section 150 through AND gate 644 on lines 
646 and 648. The output of AND gate 644 is inhibited 
during interface 20 transfer cycles by the MUX IN- 
HIBIT command on line 650. The ANY EVENT signal 
to the counter control circuit 572 results in a 100 nano- 

50 second LOAD LATCHES command on line 652, and 
in 200 nanoseconds is followed by a 100 nanosecond 
reset signal, which is followed by a 400 nanosecond 
ANY EVENT signal. Therefore, simultaneously with 
an ANY EVENT signal, the 16-bit time data word of 

55 the real time counter 502 is loaded into time word latch 
654 on lines 656, and the counter is reset to zero and 
resumes counting The LOAD LATCHES command 
also latches the status of CTR OVERFLOW, EXT 
REST EVENT, LATCHED EVENT and a three-bit 

60 frequency code into the status word latch 538. Time and 
status data (words 1 and 2 respectively) are transferred 
to the minicomputer CPU, along with the LDV signal 
processor velocity data (words 3-8) for each event 
occurrence, by the multiplexer 156 (FIG. 4B). With 

65 time counter reset external switch 72 activated. an 
LDV event loads the latches with the current count in 
the real time interval counter 502. However, the ANY 
EVENT reset is inhibited by AND gate 658 as a result 

40 interval counter 502. 
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of the input on line 660. Therefore, rcai time interval they remain for at least four microseconds. The digi- 
counter 502 continues counting from the last count tized data from A/D converter 716-722 on lines 778. 
loaded out. The real time 21 interval counter 502 pro- 780, 782 and 784 is loaded into the 12-bit data latches 
vides time with 16-bit resolution in binary code. If an 724-730 by the LOAD A/D LATCHES input from 
external event docs not occur before the counter 5 multiplexer section 150 on lines 786, 788, 800 and 802. 
reaches a full count and resets the count to m. then The latched outputs are applied to rear panel A/D 
the real time interval counter 502 outputs a CTR . digital output connecton 136-142 (FIG. 2). The latches 
OVERFLOW on line 662, which results in an ANY are cleared*and set to zero by a data latch clear (SYS 
EVENT signal. The CIR OVERFLOW and counter RST) low input from the multiplexer section 150 on 
502 full time count am transferred to theminicomputer 10 lines 804,806,808 and 810. 
CPU. The tiw interval counter overflow LED S8 The use of the multiplexer interface 20 to allow data 
(FIG. 1) is lit by the transfared data word. At the next input to a multiplicity of merent  type minicomputers is 
ANY EVENT, time and ststus is t r a n s f e r n d  to the enhanced through use of the program routines in the 
CPU. The opcr;rtor may then add tk two times to listing attached as appendices to this specification. 
determine the actual interval between events. 15 Thac program routines provide further understanding 

Details of the A/D collvcrtcf 174 (FIG. 3B) arc of the operation of the interface 20. 
shown in FIGS. 60 and 6b. The primary functions of the I t  should now be readily apparent to those skilled in 
A/D converter 174 arc to sanpk and hold analog in- the art that a novel multiplexer interface 20 capable of 
puts on lines 700,702,704 and 706 in sample and hold achieving the stated objects of the invention has been 
amplifiers 708,710,7U and 7l4, to digitize thse inputs 20 provided. The interface of this invention provides an 
in A/D converter circuits 116,718,720 and 722 and to i n d  amount of information about data on mea- 
store the digitized data in 12-bit data latches 724,726, sured events or other varying signals passing through 
728 and 730 The sample and hold amplifiers -714 the interface, so that the user can set the interface for 
accept a bipolar voltage input over the range of + 10 to optimum operation. The interface allows either all digi- 
- 10 volts The ampiikrs mS-7l4 sample the voltage 7.S tal inputs or a combination of digital inputs and analog 
inputs on line 7oo-706 until control logk 732 d v e s  inputs converted to digital form to be supplied to differ- 
an A/D CONVERT cummad on lim 734. The control mt minicomputers Various selected combinations of 
logic 732 then gmerates an INITIAL HOLD pulse of synchroaized data frwr the inputs can be provided. 
one- supplkd to the sample and hold ~ m -  HandshaL;m * g protocols with the different minicomput- 
plificrs on lines 736,738,740 and 742 through OR gates 30 mareimplcma~ted man improved manner to minimize 
744 7 6  748 pnd Is0 and lines m, 7% 756 and 158. transfer time. 
Simultaneously, the control logic 732 provides 8 CON- It should furthcr be apparent to those skilled in the art 
VERT unnmand pulse of 0.5 microacconds to the A/D that Various changes in form and details of the invention 
converters 116722 011 l ina  76Q. 7 6 2 , 7 6 4 d  768. The asshownanddacribed may bemade. I t  is intended that 
CONVERT command starts the analog to digital am- 35 such changes be included within the spirit and scope of 
version. Dprhrg amversion the EOC output of each theclaimsa~rmded hertto. _ -  
A/D convcaa716-722 m set high. a EbC 
arc applied to thesampleand hakl inpots7SZ-7S8 ofthe 
sample and hold andifkm 708-7l4throuah OR gates 

AFPENDM A APPLICATION TO THE DEC 
PDPl 1 SERZES COMPUTERS 

74c750 011 lines 7%. nz, 774 and nd -kpzi&y. 40 
maintaining the a m p b  mb114 m a hold state. At 
the completion ofthe analog to digital canvasion, the 
EOC outputs arc set low to allow the sample and hold 
amplifiers 708-114 to rrtorn to a sample sate, what 

The following is a program listing usmg the DEC 
PDPll-34 computer with the DRll-B interface and the 
RSXll-M operating system to acquire data from the 
LDV Multiplexer Interfire. A similar application has 
also becn made using the DEC PDPll-44 computer. 

SUBROUTINE YBCALL4IDATILNWORDS) 

C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

C 
C 
C 
C 
C 

C 
C 

OBTAIN ICBlT DATA USING DRII-B BY M M N S  OF PDP RSXII-M 
OPERATING SYSEIU DIRECXIVE CALLS. 

[DATA 

NWORDS 

- ARRAY INTO WHICH DATA IS WRITEN. 

- # OF WORDS WRITTEN 
DIMENSION IN CALLING PROGRAM 

DIMENSION rPARAM(6),ISe(2).IDATA( I) 
DATA IPARAM/6*0/ 
DATA LUNYB.IFLAG/ZZO/ 

STARTING VIRTUAL ADDRESS(IADR) OF BUFFER ARRAY(1DATA) IS 
REQD FOR DRII-B QIO DIRECTIVE 

CALL GETADR(IADR1DATA) 

!#BYTES TO BE OBTAINED 
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-continued 
SUBROUTINE YBCALL(IDATA.NWORDS) 

~~ 

CALL WTQIQ”1000,LUNYB.IFLAG..1SB.IPARAM,IDS) 
IF(1DS.LE.O) STOP ‘QIo YE:’ 
IF (ISB(l).NE.I) 
WRITE (6,400)ISB(I).ISB(2),IDS 

APPENDIX B 
15 continued 

SOURCE DESTINATION 

Computers 

Application to the HP-9845 Series 
INTRODUCTION The following software and 

documentation is presented here as a sample of that 
which has been used with the HP-9845 desk-top 

computer and the LDV Multiplexer interface, to obtain 
data for routine LDV measurements in wind tunnels. 
The program listing provided here may have to be 
modified for other HP computer series inasmuch as 

variations in programming languages occur from one 
computer series to another. 

25 

PROGRAM DESCRIPTION 30 
The test program will acquire LDV and/or analog 

data (through an A/D converter) from the LDV Multi- 
plexer Interface. The program is capable of receiving 
up to 32,000 words from the interface before the buffer 
memory is full. A maximum of 8 words can be acquired 35 
as a mixture of LDV and analog data words for each 
sample. The maximum data transfer rate in this configu- 
ration is aapproximately 49,600 words/second. This 
results in a sample rate of 12,400 samples/second for the 
case of 4 words per sample or 6.200 samples/second for 40 
the case of 8 words per sample. Each word for each 
sample will be printed or displayed after all of the data 
is acquired. 

OPERATING PROCEDURE 45 

The operating procedure for the running of the pro- 
gram is described by the following example. The fol- 
lowing example is for a sample of 4 words, one of which 
contains A/D data. 
1. Configure the HP98032A interface as follows. 50 
a. Make sure that the HP9845 and the CI are turned 

b. Make sure that the select code switch on the inter- 

c. Make sure that only jumpers 9, B, and D are in- 55 

d. Insert the HP98032A into the back of the HP9845. 
e. Connect the other end of the HP98032A interface 

OFF. 

face is set to the desired select code. 

stalled within the HP98032A interface. 

to the CI (J10). 
2. Connect the following signal inputs to the CI. 60 

SOURCE DESTINATION 
a. Sine Wave Generator . A d o g  Input 

b. Trigger Source 

c. A/D Digital Output 

(* IO VOIU mu) ( J 1 1 )  65 
LDV Event Inpuu 
(Channel A) 
Digital Multiplexer 

(Channel 1. J15) Inputs 

MAXIMUM DATA RATES 
STATEMENT DATA TRANSFER RATE 

ENTER Sc WFHS Sampla*Words 49.600 words/xcond 
NOFORMATDaW) 
ENTER Sc WHS 2.803 words/xcond 
NOFORMAT;Data(*) 
ENTER Sc WHS USING 450 wordskcond 

(Word3. J3)  

3. Set the switches on the CI as follows: 

SWITCH POSITION 
a. Evmt Sync Mode Random 
b. Coinidence Time 5 us 
c. DcadTime 5 us 
d. Counter Clock Freq. 
e. Time Counter R e t  I N T  
f. Gate Time I sec 
g. Event Mode 
h. Words Multiplexed 4 
i. HP/PDPIl HP 

10 MHz 

LDV-A/D 

4. Turn on the CI 
5. Set the switches on the HP9845 as follows. 

SWITCH POSITION 
a. AUTOST DOWN 

6. Insert the tape containing the test program into the 
right tape dnve (T15). 

7. Turn on the HP9845. The test program ‘TestCI” 
will automatically load from the tape and start executing. 

8. Type the followkg information into HP9845. 
a. The number of samples that are to be acquired from 

the CI. 
b. The number of words in each sample. Should be 

the same as on the Words Multiplexed switch on 
the CI. 

c. The select code. Should be the same as on the 
select code switch on the HP98032A interface. 

d. Type in a “Y” for printer or “N” for CRT print 
outs. 

e. For each work in the sample, type in the base you 
want that data word to be printed in. 
1 0  Decimal 
8: Octal 
2: Binary 
0 For A/D data. Data will be converted to volts. 

MAXIMUM DATA RATES 
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means connected to said event data coincidence means 
for producing time data reprrsentative of the time inter- 
val between successive events a fust display means for 
each of said plurality of measured events connector 

5 receive clock si& from said clock control means for 
indicating an event data rate, as econd display means 

continued 

DATA TRANSFER RATE 
MAXIMUM DATA RATES 
STATEMENT 
"#.W';Dru(.) 

100 Tesrci: OPTIONBASE1 
I10 
120 
130 
140 sm: 
150 
160 
170 
im 

190 Init: 
m 
210 
220 
230 
240 
250 
260 

280 
290 
M O R S C C :  
310 
320 
330 
340 
350 
240 EnM: 

270 

370 
3100 
390 
400 
410 Hadine: 
430 
440 
450 
460 

*80 
490 
500 
510 
520 
530 
540 

550 Rinr: 
5 a  
5m 

590 
aa, 
610 
620 
630 
640 
650 
660 
670 
680 
690 

420 

470 

580 

DISP "Priming data" 
FOR s= I TO s.mph.Isrmpkr< = loo)+ 1oo.(sunpia> loo) 
FoRW=ITOWOrds 

IFBaco<>Z?"630 
FOR B=IS TO 0 SIZP -1 

NEXTB 
PRINT USING '#.3x- 
IF e o c ( w ) i O  THEN PRINT USING "$.MDZDD,3X";I(rDUdS,W)/Z 
IF B r d W ) r 8  T" PRINT USING '# .62 ,3X";OCrA~S,W) 
IF Bae(w)= 10 THEN PRINT USING '#.M5t3X";D4S.W) 

PRINT USING '#.D";BIT(DatdS,W).B) 

1 I 

NurrW 
PRMT 

N E X T S  

I 

wh.tisdrimrrlis: 
1. A mukipkxcr for mtafacing between a plunIity of 

event warprine chmncls, each chnacl gcncrabg 
event data whn a measured event occurs on that cham 
ml, two or more of said channels being capable of si- 
multaneously generating went data, a d  a dam procss- 
h g  system which comprises a plurality of inputs for 
receiving the event data, one input for each event mea- 
suring channel, means for performing a coincidence test 
on the event data received at said inputs, clock control 

60 

65 

connectai to receive clock signals from said clock con- 
trol means to indicate a coincidence rate between event 
data for any selected combination of the measured 
events, a multiplexer connected to receive the event 
data from said inputs and said time data from said clock 
control means and having an output for connection to 
supply the event data and time data to a Single input of 
the data processing system a control means for said 
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multiplexer connected to supply control signals to said 
multiplexer for selecting the event data and the time 
data for output from said multiplexer control means 
being connected to receive start signals from said event 
data coincidence means, means for providing user in- 
puts connected to provide the user inputs to said multi- 
plexer control means, said multiplexer control means 
being configured to be responsive tb the inputs from 
said user inputs means to select desired outputs from 
said multiplexer, and a time intervanl counter con- 
nected to receive control signals from said clock con- 
trol means and a third dispaly means connected to indi- 
cate overflow of said time interval counter, said time 
intervd counter being connected to supply time data to 
said multiplexer. 

2. The multiplexer interface of claim 1 additionally 
comprising a clock frequency user input means for se- 
lection of a clock frequency connected to supply the 
clock frequency user input to said clock control means, 
said clock control means being connected to supply the 
user selected clock frequency to said time interval 
counter. 

3. The multiplexer interface of claim 2 in which the 
measured events are laser Doppler velcimeter events. 

4. The multiolexer interface of claim 1 in which the 

5 

10 

I5 
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25 
measured events are laser Doppler velocimeter events. 

5. A multiplexer for interfacing beween a plurality of 
event measuring channels, each channel generating 
event data when a measured event occurs on that chan- 
nel. two or more of said channels being capable of si- 30 
multaneously generating event data, and a data process- 
ing syste which comprise, a plurality of inputs for re- 
ceiving the event data, one input for each event mea- 
sured channel, means for performing a coincidence test 
on the vent data received at said inputs, clock control 35 
means connected to for producing time data representa- 
tive of the time interval between successive events said 
event data coincidence means a first display means for 
each of said plurality of measured events connected to 
receive clock signals from said clock control means for 40 
indicating an event data rate, a second display means' 
connect& to receive clock signals from saidcltkk con- 
trol means to indicate a coincidence rate between event 
data from any selected combination of the measured 
events, a multiplexer connected to receive the event 
data from said inputs and said time data from said clock 
control means and having an output for connection to 
supply the event data and time data to a single input of 
the data processing system a control means for multi- 
plexer connected to supply contorl signals to said multi- 
plexer, said multiplexer control means being connected 
to receive start signals from said event data coincidence 
means, means for providing user inputs connected to 
provide the user inputs to said multiplexer control 
means, said multiplexer control means being configured 
to be responsive to the inputs from said user input means 
to select desired outputs from said multiplexer, said 
event data coincidence means being configured to syn- 
chronize three measured events, said second display 
means being configured to indicate a coincidence rate 
between the event data for any selected combination of 
the three measured events and said measured events 
being laser Doppler velocimeter events. 

6. A multiplexer for interfacing between a plurality of 
event measuring channels, each channel generating 
event data when a measured event occurs on that chan- 
nel, two or more of said channels being capable of si- 
multaneously generating event data, and a data process- 

45 
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22 
ing system which comprises a plurality of inputs for 
receiving the event data, one input for each event mea- 
suring channel, means for performing a coincidence test 
on the event data received at said inputs, clock control 
means connected to said event data coincidence means 
for producing time data representative of the time inter- 
val between successive events, a first display means for 
each of said plurality of measured events connected to 
receive clock signals from said clock control means for 
indicating an event data rate, a second display means 
connected to rec clock signals from said clock control 
means to indicate a coincidence rate between event data 
for any selected combination of the measured events, a 
multiplexer connected to receive the event data from 
said inputs and said time data from said clock control 
means and having an output for connection to supply 
the event data and time data to a single input of the data 
processing system a control means for said multipexer 
connected to supply control signals to said multiplexer 
for selecting the event data and the time data for output 
from: said multiplexer, said multiplexer control means 
being connected to receive start signals from said event 
data conicidence means, means for providing user in- 
puts connected to provide the user inputs to said multi- 
plexer control means, said multiplexer control means 
being configured to be responsive to the inputs from 
said user input means to select desired outputs from said 
multiplexer, said event data coincidence means as being 
connected to supply an enabling signal to the plurality 
of event measuring means, said multiplexer control 
means being connected to supply an inhibit signal to one 
of the plurality of event measuring means has com- 
pleted a measurement, said event data coincidence 
means being connected to supply an inhibit signal to 
said multiplexer control means, and said event measur- 
ing means being laser Doppler velocimeters. 

7. A multiplexer for interfacing between a plurality of 
event measuring channels, each channel generating 
event data when a measured event occurs on that chan- 
nel, two or more of said channels being capable of si- 
multaneously generating event data, and a data process- 
ing syste which comprises a plurality of inputs for re- 
ceiving the event data, one input for each event measur- 
ing channel, means for performing a coincidence test on 
the event data received at said inputs, clock control 
means connecte to said event data coincidence means 
for producing time data representative of the time inter- 
val between successive events, a first display means for 
each of said plurality of measured events connected to 
receive clock signals from said clock control means for 
indicating an event data rate, a second display means 
connected to receive clock signals from said clock con- 
trol means to indicate a coincidence rate between event 
data for any selected combination of the measured 
events, a multiplexer connected to receive the event 
data from said inputs and said time data from said clock 
control means and ahving an output for connection to 
supply the event data and time data to a single input of 
the data processing system a control means for said 
multiplexer connected to supply control signals to said 
muliplexer for selecting the event data and the time data 
for output from said multiplexer. said multiplexer con- 
trol means being connected to receive start signals from 
said event data coincidence means, means for providing 
user inputs connected to provide the user inputs to said 
multiplexer control mean said multiplexer conrol means 
being congigured to be responsive to the inputs from 
said user input means to select desired outputs from said 
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multiplexer, a status word latch connected to receive 
measured event status signals from said event data coin- 
cidence m- said status Word latch being connected 
to sUPPb' status data P u b  to said multiplexr, and said 
measured events being laser veocimeter 
events. 

connected to receive clock signals from said clock con- 
trol means to indicate a coincidence rate between event 
data for any selected combination of the measured 
events, a multiplexer connected to receive the event 
data from said inputs and said time data from said clock 
control means and having an output for connection to a A for interfacing a Plurality Of 

event measuring cfiannek each channel generating 
supply the event data and time data to a single input of 
he  data pr-hg systm a control means for event data when a measured event Occurs On that 'ban- 

multllaeously gmrating event data. and a data process- 
ing syste comprises a pldity of inputs for rr- 
&ving the event drue, one bu for each 
ing c w l ,  - for pcrfo-g a w b c w  test on 
& 
m- 
f o r p ~ ~ i n g h d a t a  r r p r e s e n t a t i v e o f ~ ~ ~ ~ -  
v d  &- S e v e  eveng, a first dispky for 
each of said plurslity of measured events amnecwd to 
receive clock signals from said clock control mcaus for to bcing laser Doppler velocimeter events. 

multiplexer connected to supply control signals to said 

data for output from said multiplexer, said multiplexer 
control means being connected to receive start signals 
from said event data coicidence means, means for pro- 

d inp,,% clock -mi 15 viding user inputs co~ected to provide the user inputs 
to said multiplexer control means, said multiplexer con- 
trol means Wing configured to be responsive to the 
inputs from said user input means to select desired out- 
puts from said multiplexer. and said measured events 

two Or more Of said channels being -le Of si- lo multiplexer for = l e n g  event and the t h e  

* -ved 
said event data cow- 

indicating an event data rate, a secood display means . . . . *  
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