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MICROPROCESSCR-BASED SYSTEM FOR ROLL-DOWHL AKD ACCELERATION TESTS

D. K. Lynn and C. Derouin
Los Alamos Scientific Latoratory
P. 0. Box 1663 )
Los Alamos, hew Mexico 87544 -

g1
P. Lamar . 050
»Lamar Instrurents
2107 Artesia Blvd.

Redondo Beach, California

A microprocessor-based, road-test system for mees-
uring end recorcing roll-down and acceleration data has
been cesigned anc built. The system provices for repid
testing cf vehicles, can be operzted by a single indi-
vidual, and allows detailed data acquisiticn when re-
quired. Digital data storege anc cutput capebility al-
lows cirect exchange of deta with other computers or
calculators for date anslysis end recuction. System
input is distance from a fifth wheel and elapsed time.
The microcomputer system records time to the nearest
0.01 second, distence to the nearest fcct, and calcu-
lates velocity to the nearest 0.1 mile per nour. Data
can be stored at specified time, distance, and velocity

fntervals. Current time, distance, and velocity are
displayed or a liquid crystal displey oaznel. A print-
ing calculator prints a surmery of the run. Detailed

data is storec in RAM anc is output to magnetic tepe
at the enc of the run. The tepes ere used to obtain
plots and as input for caete recuction progrems that
calculete rolling friction and eerodynemic drag. The
road-test system has been used to test a number of ve-
hicles. 1In most cf the tests one person drove the ve-
hicle and operated the system.

Hardvare Configuration

A simplified block diagrem of the road-test system
is shown in Fig. 1. The primary input to the system
is 100 pulses/ft from the fifth wheel. These pulses
are divided by 1CC for the distence counter end fed to
3 BCD counter for the velocity calculation. 1he re-
maining inputs zre provicec by twoc timers and the sta-
tus switches. The time counter is updated every 10 ms.
Velocity is determined by reading the ECD counter every
68 ms. Then
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Simplified diagram of Lamar Instruments road-
test system,
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The status switches define whether an acceleration
or coast-cewn run is required and whether the system
is in the run or standby condition. A coast-dcwn run
begins when the run/stendby status is changed from
standty to run. An acceleration run Legins autcomati-
c21ly when the foot counter reaches one foot.

The tvo timers and the foot counter interrupt the
microprocessor so that it can update time, distance,
or velocity. The timers interrupt at 10- and €8-ms in-
tervals; the foot counter interrupts at
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For v = 100 mph, the foot counter interrupts the pro-
cessor every 6.8 ms and the 3 interrupts occur every
3.82 ms on the everage. The external status switches
are read during initialization, in the background pro-
gram, and inmediately after each interrupt.

The highest priority is assigned to the 68-ms tim-
er, which 1is the most critical interrupt. The BCD
counter must be disabled, reed, reset, then erebled at
precice intervéls in order to give eccurate velecity
readings. The disable, rced, reset, enable sequence
takes 27 us, or about 0.03% of the €&-ms count time.
As lony as the 10-ms timer (and foot counter) are up-
dzted befeore the next time intervel (or foot) occurs,
there is no error accumulation in time (or distance).

The system diagrem of Fig. 2 incluces a more de-
tailed cescription of the processing unit. The pro-
cessing unit conteins a FOS lechnclogy 6502 micropro-
cessor, 4K bytes of reed/write memory, sockcts for up
to &K bytes of prcgrem reac-only memory, twelve 8-bit
1/0 ports, 10 tirers, 4 <hift registers, and a 2K byte
monitor stored in ROM. The road-test system requires
512 bytes of RAM (2K to 4K bytes for ceteiled data
storage), 2K tytes of progrem ROM, eight &-bit 170
ports, 3 timers, and the ¢K-byte ROM monitor. The re-
maining cepecity cen be used for an expanded vehicle
instrumentation system.

System output 1is provided by a 1€-digit liquid
crystal display and by the printer on en HP-97 print-
ing calculater. The LC display is normelly placed on
the vehicle cashboard end displays elepses time, cur-
rent velocity, end elapsed distance. The HP-97 prints
elapsed time, velocity, and clapsed distance at epeci-
fied times, velocities, and cistances. For accelera-
tion runs the frinter prints at 10 end 20 s; at each
10-mph interval; and at 100, 300, 500, $00, 1320, and
1400 ft. The print points for coast cown ere 10, 20,
50, 70, enc €0 s; each 10-mph interval, and 100, 500,
1000, 2G00, and 5000 ft.

Additional deta can be saved in RAM if cesired,
The data cen then be output to tape and/or printed on
& data terminal at the end of the run. Currently,
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Fig. 2. Lamar Instruments cosputerized road-tesy sy.tem.

time, velocity, and distance ere saved each sccond and
each miie per hour fer both acceleration end coast
down. In addition, cdeta is saved every 200 ft for ac-
celeration runs and every 500 ft for ccest cewn. For
most applications, saving data ecch second is ccequate.
Both the print points end the saeve points are softwire
def ined and cen he easily changed.

The data stored on tepe can be processed by a num-
ber of systems. At Los Alamos most of the data was
processed hy a HP-9820A cesk celculator with a G6862A
plotter., Some data processing was done with a 6502 mi-
croprocessor system and some with a COC 7600 computer.

The keyhoard and display can he used to address
memory, enter data, begin execution of a program, resect
the system, or interrupt the processor. The display
consists of six 7-segment digits to display the address
(4 digits) and data ?2 digits).

A data terminal cen be connected through the TTY
interfece to enhence the 1/0 copsbilities of the sys-
tem. Speciticalily, a 11 733 ASR with a 17Y to R§-232C
adenter 1s used, although other 11Y 20-mA current loop
or RS-232C compatible terminals can be used.

The audio tape is used to enter data and progroms
into RAM or store them cn tape. In addition, the 11
733 ASR can be used for the sare purpcse excepl that
the tapes ere in a digital format compatitle with the
Los Alamos Central Computing Fecility as well as most
other data centers.

Softwere Descripticn

The major portions of the scftwzre ere the ini-
tielization routine, the backgrourd progrems that preo-
vice output to the LCD end the printer, the interrupt
ID routing, and the three interrupt service routines
thet upcuete velocity, distance, anc tine.

The turn-cn scquence and bachground pregrans ere
shown in Fig. 3. After the processor is initialized,
the cefeult print and seve values fer time, velocitly,
and distance eare loaced frem RON to RAM. Once in RAL,
these values can be chengee if cesired by means of the
keyboard. The default values are stored in ar ¢rasable
PROI4 anc are easily changed if en EPRCM progranmer is
available.

The LCD-output routine updates the displey with
the current values of elapsed time, velocity, and
elapsed distance. The display is updated every half
second. If the display is upuated tco rapidly, reac-
ability 1s reduced, The HKHP-¢7 output routine sencs
data to the HP-97 as long as there is cdata in the print
buffer. Since there 1s no hendshaking with the HP-97,
delays ere used between output commanus. A celay of
120 ms between cach deta character end e 1.28-second
delay between print ccmrends prevides reliable
operation.

The 1interrupt {identification routine first saves
the accumulator and the two index registers, reads the
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external status switches, and reads the priority inter-
rupt encoder. The rcutine then detnrrmines if the in-
torrupt vas from the €8-ms tiwer, the focl counter, or
the 10-ms timer end jumps to the velocity distance or
time service routine accordingly.

The interrupt service routines upcate velocity,
distance, and time when required. A flow chert of the
velocity undate vountine is shown in Fig. 4. This rou-
tine reads the BCD counter, stores ihe current value
of velocity, determines if a run 1s in progress (system
in run enc distence greater than 1 ft), saves deta if
appropriate, resets the mph doterrupt flag end returns,
The foot and time routires increrent erd store distence
or time when appropriate, reset the interrupt fleg, and
returr to the hackground program,

ihe ZK-byte RO monitor, supplicd by KCS lechnol-
ogy, reririts input end output throuch the keyboerd erd
¢ispley, e 11Y cerpatible cata terminel, end an sudio
tape unit. Use of a TI 732ASR enc RS-z32C edepter per-
mits 1/0 frem digital) tepe cassettes. The menitor also
2Vlows progrem executicn to be sterted or stopped from
the keyboard or the data terminal.

Some additicns tc the #0S Technology monitor heve
br-n written that provice:

are convenient display of a memory block on the
te terminal,

‘e meaory bleck 1 to memery bleck 2,
.et merory bloch to a hex number,
Compere recoory block to & hex nurber,
Compare memory block 1 to memory bleck 2, and

Faster cump of memory block to audio tepe.
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Conclusions

The road-test system cescribed provides repid and
detailed ecquisition of accurate date free roll-down
and acceleration tests. Straicht-linc vchicle fervorm-
ance is chéracterized by jcwer at the wheels, rolling
friction, and aerodynemic c¢rég plun orternzl factors
such ¢ wind and grade. Availeble fewer el e heels
can be ceteririned from wide oper throttle ecceler¢ticn
tests, Rolling friction and eerodynemic creg can be
determined from ccast-down tests.

A fuel-cell pewered vehicle progrem 2t Los Alemos
required that the performance of a numter of vehicles
be cherecterized. The road-test system wes used for
this purpsse. Since it is ricroprccesscor basec, the
system is also intended to be used as an expenced data-
acquisition system for a fuel-cell powered vehicle.
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Volkswaaen Rabbit acceleration.

The first tire the system was vsed, 12 vehicles
vere testec in 3 days. A total of 103 roli-cdewn 2nd
12 quarter mile eccelereticon runs were mece. In wnost
cf the tests one person drove the vehicle ang cperated
the roed test system, Dete was seved on tepe et 1 s
and 1 mile per hour intervels. Figures § end € show
acceleration end coest-cdewn plots for v oversus t ob-
+>ined from the tepe data for @ Volkswagen Rabbit.

Tuc (ones were used @5 input to a number of daia-
reduction poousams.  Most of the data reducticrn was
donc on & desk c~l-nlator with en ink plotter. Seme
date processing wu> lso done orn @ microprocesscr
system, and some on a t.. . "N cenputer.
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_ Conclusigns . e _.
“ The road-test system described provides vapid and - The first time the system was vsed, 4 veliicles ‘
detailed coguivitirn o et ) o o totetal of T ye)l-devd o

and acceleration tests. Straight-lipe vi-hicie fertorm- lo QUartyir node eCtn bupebllodt TubS bule Gécd. I aoss

ence is cherecterized by peacr at the whorls, 101ling of lie tests one prrson #rove the velicle oo pro. 170
friction, and aerodynemic creg plus crterncl factors  the rczd test system. Deta was savid on tepe ot 1 s
., such 8% wind end grade. Availzble power ci *u. ~heels #nd 1 mile per hour {ir.ervals. H’gures 5 ene b show -
* ¢can be determined from wide open throttle acceleraric~  acceleration end coest-cean plots foer v versus t ob- .
tests. Rolling friction and arrodynemic drag can be iained from the tape data for a Volkswagen Rabbit. K
determnined frem coast-down tests. )
Y- isnes were used as fnput to a number of date=
A fuel-cell powered vehicle pregrem at Los Alamos  reduction p.ouwcas.,  Nost of the data reducticn was
required that the performence of & numbcr of vehicles  darc on & desk ¢-"=nlator with an ink plotter,  Sore
be cheracterized. The road-icst systes vwas used for dat? precessing wus -‘.--o_ﬂdone on a3 micropro.essor
this purpose. Since 1t is nicroprecessor based, the  system, 2rnd some on @ L.. .70 computer,
system {s also intended to he usec as an expanced data-
acquisition system for a fuel-cell prwered vehicle.
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