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1 ARSTRACT

The intent of this paper 18  to describe the approach

employed by ABUSTA-DATAMAT during thes HW/8W and system
integraticn and testing of the ITtalian Mavy EHISgL Helicopter

ABircraft Managemsnt System (AM.B.) and Miscion Avionlc System
iM.fA.82. As previcusly described in FPaper No. B4:  the avionic
system architecture i1s centered arocund a Mil 13338 HBus which
conects  the Computer units with the ether Subsvetems. and an
Srinc 429 type commesction mainly gerving the comunication  links
betweser the Alrcratt Management Computer angd the Navigation
Subsvetems.

This paper will discuss all the different steps fTollowed
gduring the intzgration and testing of the avionic system in isrms
oof s

R Feguirements
E. Hil/78W inmtegration
. Svstem irmteEgration

2. Foreword

In prdev to carry—out the entire integraticn amd testing of
the Avionic System the folloawing reguivremsnts had_ besen estab-
lished zs -beinmg the most impertant guidelines:

a. Support versus the Alvrcraftt Management amd Mission
software development phase.

B Software Acceptance Tests in contrasts to the sofbtware
oparation and regquirements.

C. Integration of the the Alrvoratt Management System
(M.A.5.) and Mission Avionlic System (M.ALS5) In separate
enviraonments,

d. Owverall integraticn beteeen AM.ZS. and M.A.5 with all

theiv relevant links and data exchange.

3. Bupport to the SW development

Testing of the software at the development stage is carried
out as two different phases:

- Host Testing
- Target Testing
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4. Host testing

&t this phase the Perspective Interpretesr is used.
It permits the following:

- Contemporary testing by different users as compared to
Targset level wherese only two uwsers can work duae to the
mumber of svstems available {ftwe processors)

- Test correct processing of a gsingle softwars module

Such an ervirorments as described in Fig.ls:s is based around
the Software factory in which the module resides. 6t Host leve
it is not pessible to test the following ltems:

- GDorrect synchronization between the slgments of the AM.C
and/or M.C.U. system

— Test the interaction between the operating svstem and the
Cesternal world

- Evaluate the processing time of the various scfitware
modules. This evaluation is indispensable for the
distributicon of the CFU load on the processor ard intho
@ach subframe

At first glance i1t seems that the workload carried oot in
this phase 1 mnot very meaningful, bkut the main purpeses pervading
this step is the checking of proceduval correctness, and putting
all the divferent users intoc the multiple moduls test in order o
det a large amount of information for covvect development.

S. Target testing

The Targest testing is done using both Ferspective tools and
an In—Circuit-Emulator which dialoge with the Target. This makes
possible the following steps: '

— Interacticn with the cperating svstem,

Data suchange between tasks:

—~ Real time interaction with M1l 125938 Bus Controller,
Remets Terminal and Arinc 4289 1line protocols

CFU load at subframe level.

The wser -has available debugging tools such az the
Ferspective debugger or the I.C.E. that allow debugging of Singlg_
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modulas against  ancmalous processing but do not vet bake ingo
consideration the timing evolution of the tasks. Io order  to
minimize the interacticn of the debugging process with the

computer wnlit it ls very effective Tt suspend the targest at svery

"

Frame pulse or multiple. o allow the user o examing the task’s

stabus and then restart the evecuticn from  the point of
interrupticon.
The exscution of such an operation is provided for by

arn  irnterrupt that can he ( automatically or marually ) dyiven by
the the RIG computer or the operator at which the AMC/MOU cunit is
commected as  shown in Filg 2. In doing so a "near creal tims?
operational mode iz obtaivned a2 the  "RIE" has all  the time
necessary  te pgrform data cheking and comparlsons between one
suspended status and the next.

When dynamic tests with no interventions are required.  the
"Fealr-time" mode i1s used to store, all the bus traff{ic while
monitoring of & limlted amourmt of the parameters is allowed. The
term "RIGY has just been introducsed, let us explain what we
internd by this term. The "RIG" is the savivronments
Hardware/Softwaras that allows the sxecuticn of  the different’
Test Flans and permits the wvalidation of the entire system. Due
te  the architecture of the EHiIgl, Alrgraft Management  and
Missiony & complex "Rig” stiructure has been developsd; here below
vou will find a description of the ltems.

L. A.M.S. Hig

The &lircratt Mansgement bBystem (&4.M.5.) Rig 1s dedicated to
the testing of the AM.5. software and is based around a Yax
V1758 family computer., Iy order to emulate and/or scguirg Mil
15538 bus  traffic. & set of Multiplex Bus Terminals snabled to
emulsate Bus Controllers Multiple Remote Terminal and Bus Monitor
iz covmected via DUMUAL. and 1= under  controel  of the "RIGH
esotftware environment. The other maln information mediss are bhe
Arinc s 48% protocel lines. Toe acguire and/or emulite thems a Bus
station is comnected to the "RIG" via an IEEE488 line. The
gmilation of the mnavigaticn eguipmsnt { Rad-alia Dopplev.
g.H.E.S.e TLRELY and &.D.U Y i3 made  through dedicated =ingle
Cbhoard  computers  on which the sensor protocol emilation has besn
implemented and upor whick they recelve the ivput characterlistics
fram the "RIGY vis & REE32 link. clng 1% in such a way as this,
the "Rig"” has only to take care of the management of the irpus
data and does not needs to dedicate its time to the timlng or
tagging functions. Ao ther o SeCordary functiom 15 the
emulaticon of all the signals to ke Ted to the Derscor Interface
Unit { such a5, Elechtrical Systems FHydrawlic System, Engine
Svestem, Transmission. etc. ) i order Lo creste a full Helicopter

Svstem. £ micro-processor approach bas also been adapted and is
able to ke remotely controlled during the dynamic simulaticon.  In

this configuration the & model of the A4.M.C. complete with a sat
of Common Contreol Unitsy, a Symbol Gensrator and 1t's related
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C.RE.T are avallable. A serial link between the 4.M.5. Rig and
the AM.C. is provided fto uwtilize the triggevring fTacilities of
the Rig upon reguest of the opersbtor. Inm Fig 3 the facllities
have been schematized in terms of functiconal blocks.

7. M.C.U. Rig

The Missiorn Computer Unit ( MUC.Y Y Rig., as stated in FPaper
Mo .24, ims  intearated with the Mission Sofitware Factory creating
arn environment sble $o debug and test the entire scenarico. This
time the "RIGY is based on & Micro Vax 11 family computer.

& =at of boasrds emalativg  the M1 1353B functicons {(Bus
Conmtrallery; Multiple fRemote Terminal and Bus Monitoringls  an
In—-Circuit Emulator., the & Model of the M.C.U. together with the
Commorn  Controal  Lnits Commen  Waveform Unit including it's
relevant mission mormltors constiitute the hardwares of the "RILG".
A software paclkage conbrols the entire faclilitie.

The data exchange between the "RIGY, arnd the Host is done

via & RS232 line. this is because the Ferspective envirormern.
gxchanges data with cotherse only threugh s sevizal line o a data
file, Information exchange between the "RIG" and the Target is

dore through the Mil 19538 bus, Arinc 489 lines and & serial line
orn whichs:s in debugging sessiony & limited data exchange between
the "Rig" and the aA.M.C. or M.C.U. memory takes place and permits
the acguisition of a data package for compariscn purposes.

8. Rig’s environment -

e v s ettt Pt e s 2emm e ey pures e T s somm 2o Soren e

A  stated above. the YRIGY  is comirolled Dy a set of
saftware packagss that sllow the cperator toe move 1In different
situations pursuant to 2 speciflic need. The envirvornment can be

driver in the following marmmers:

- Manual
& single message is prepsred by the operator and passed to
the system ( A.M.5. /7 M.8.5. ) under test to be executed.
T Data iz passed slther in raw form or in engloesesering unit
for.

- Semiautomabic
Froesibility of defining pre-bullt messages and storing
them in a data file to be passed to the system.

- futomatic
Fossibility of defining the evolution lazw that effects the
message items. Such lawes couwld be random: sinusoldal s
quadratical or via a usgr-definsd law built by a
procedure.
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I order to simulate & real scenaric evolution. other
functions are provided within the "RHIG" sofbtwars package such as;

- Helicopter simulation

This functiorn is present in both of the "RHIG": A.M.5. and M.A.5..
but with different porposes, Im the A.M.5, Rig it fTurnishes the
hesic aircraftt characteristics { velooitys, height: body anis.

acceleraticns. =ic. ) ko the different boards emulating  the

navigabion sensors. The model will Tollow a8 predefined route in
terms of way points and it owill  alse  record the scenario
evelution., in the M.A.5. Rig the major elements to be simulated
are the target eveolution associabed with 1ts motion law  and
steering commands. During the evolution of ths integraticn and

test phase other sets of funciticons are needed in order o sima-—
late data processing and formating betwsen the sub-svstems.  the
ABircraftt  Management and Mission Computers. The sub-svstem
zimulation are sets of functions smulating the proper sub-system
equipmernt (2.g., Radars Scenar) with the capability of associabing
with them major characteristics and limited controls over data
functiorallity,

The two "Rigs" will alsc emulate one  ancther. however,
arnly for the essential data computation and exchangeability. The
evolution of the scenaric is alse conbrelled by specific func—-
tions that allow the opsrator te overrvide the state a¥t any time.

We have: up to nows. discussed the ways of stimulating the
sofitware,  but a non—secondary function is the monitoring of ths
data flows. Main functicrns of the mernitoring oocdols are:

— Recording all the bus ftraffic (M1 15353 and/cr &rinc 429)
o & Tile Tor off ling analvsvs, soach message vecordsd is
tagged by the bus station 1 terms of time. bus errors,
gxcaptions

= Trigger recording: pessibility te define various
Triggering events {(value:, Bit match. bus srvor. frame
rumbeEr . eto. )

Durivg the monitoring phase it is possible fto display dats
{ raws; 2anginesring units message formsaiy, elapsed-time, ebtc.? and,
T anys errors associated with the message under examinatiorn by
the wse of on-line functions.

WHile conducting testing activities (real-time o ‘Beaes-
real-time? we do net have a lot of time availlable Tor data
analysis. A st of functicns is available for off—-line displav.
It ig possible tooy

-~ Display all messages recorded: raw or enginering datan
~ Display only gpecific messages iselective chelice).
- Display error information recordeds
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- Display time infTormaticon.
~ Digplay differences with respect to other session dataw
— 8Statistical analvsis
1} averages mind/max values of intermessage gap and
response time
2} bus ococoupancy in percerntage for major loops or frams
By fFrame
3y percentage of esrrors
4) message kinds exchanged on bus

ALl the computed data 1z presented in tabular form and/or in
graphical format. In Fig., 3: a schematic is presented that
summarize all the concepts described above.

. Overall integration

£11 we have discussed up fo now is dedicated to the twe
world &ircraftt and Missicon integration and testings the final
step iz the overall integration where the two worlds are
integrated on a helicopter mock-up Rig wiilizing the final model
of the system ( B model eguipment ). The hardware this time is
baeed on threse computing unitsy; a vax 117758 for the scenaric and
helo simulatiorn. & microvax fI for the Aircraft Avionic bus.
Mandling, and & microvar II for the Missiocn bus handling { see
Fig. 43, The main problem in such a configuration 1s  to
synchronize the two integration Rigs in order to, ia) simulate a
commom =renarlo evoelution and. {b) guarantee consilstency of data
between the two environments. The wvau 11/738 performs the
scenario and helo evoluticony at & programmed  $Time  lnterval 1t
supplies data to the twe microvas uniis. gach compuiing wnit will
then make available data to the respective avionic systems. Im
such  phases a&ll  the debugging and monitoring facilities of the
Hig are availlable Tor usage. Monitoring on both: basic and
mission buses: i1s availshle and data is saved on disk files fo
Turther anallisys or system replay. The capabilities that we
have during the overall integraticom are mainly focused on offt-
lirve data  analysis and simulation veplav. The furncticn of
gimutlation replay is deemed imporiant for system debugging when
anomalous  pperaticn sppearsa it = wvery useful to replay the
event and analyze 1t. In such & phase 1t's alsc possible o
veplay the evolution wp o a predefined points after thaet: alter-—
native evoluticns can be ftabken for different svaluation. The
result of a1l the above described architectures is an environment
of total software hardwars integraticn and test support, taking
alse  Inte consideration the complenity and differentiation that
eristes between the two worlds.
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1%, Comclusion

I conclusion it can be stated that the philosophicsal
appreach at the integraticon and test phase provides a very
powarT Tl tool to the englrneers., They can attend the different
test procedures and a&lso acgulire statistical data items for a
Tull project report.
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