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Deploving a Model-Based Diagnosis System in the
Manafacturing Test Environment

Chris Preist

1. Motivation

In this paper, we deserbe the deplovment of a protatype model-based diagnostie system,
JADE, in a manufacturing test process at Hewleh-Packard’s Grenoble Parsetal Computer
Divigon (GPCDY, ane of the divisions responsible for mamdfacturing Hewdett-Packard™s
FC products. Drevelopment of the protolype was camed out at Hewlatt-Packard
Laboratoraes, Brstol, and has subsequently been further developed to brevme the Hewlett=
Packard Fault Detective produet.

2. The Manufacturing Test Process

Test is an esscntial part of manbfacire, 1o ensure that poor guality goods are not shipped 1o
customers. In e manofacture of sophistieated electronic equipmeant, sueh esog ¢an be g
gomplex prosess, Involvieg several different stapes. The testing process will vary from
mamfactarer to marmfaciurern, bot there ate certain teshnfques which are need by mast.

2.1 A Typical Maaufacturing Test Process

The foliowing basic test stops wsed at most sikes; sometimes they are augmented by
additional test steps (such as stess testing).

+  Visual Inspection
The compoenents on the ciecnit board are scanned by operators for obvious defects -

poor soldering, or cracked casing ete.

o In-Circuit test
An in-cireuit fester 15 able to make contact with nwst of the individval eomponents on
the board, by laving the board on a ‘bed of natls’. It is fhee able to stimnulate each
conponect individually, and cnsur: that it is performing its correct funetion.

+ Functional test
Deringz functional test, differcnt aspeets of the finctionality of the entive Board are
checked,  Somectimes, functional test consists sitaply of sticking the Doard nte a
‘known good' system, and turning it oa. More often, a serfes of tests are run on the
biand, from a specialist functional st svstem.

dore than one test step may he performed oo the same test station; cotobinational testars
ase abbe to parform bath fo-cirewit and functional test, for example.



When a board Fails visual inspection or In-gircuit tese, diagnosis is pretty sinaightforaard;
the compenent which i faulty iz immediarely knowns a5 1 consequence of the teat resules.
However, when & board fails functionak test, thers is very little sirzightforward diagnostic
information available. As a tesult of this, diapnostic tachnicians are necessary to interpret
the results of functional test, porformm additiona) tests and probes as appropriate, and fmally
to recommend & Fepar.

Mence a Wypical process is as follows,
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2.2 Pressures on the Maopufacturing Test Procesy

Sometimes, 3 prodiect will he mamuactured for years without any alterations being madc to
it, =0 a stable and optimized process can be put in place, However, it is more common
nowadays for a mearufacturing ling to be constantly changing, as new innovelions are
ingorporated into a product.

Typically, & major change will tzke place every 3-6 monaths. This means that the
manufacturing Bne wnst be ro-oplimvized, and expericnes of & produce that the technicians
have gained may becorae redundant, and must be releamed. Henes, for a pedod of Gms
following the change, the fine is sub-optimal, meaning more manufactaring failures, and
teclmiciane are lass able to diagnose thern. Furthermors, in the case of a new produet, it is
exactly at the initial meeefachring ramp-up thar speed iz of an essence: the pew produst
mIust get to market as soon & possible. Suppoct af diagnostic technicians at this time can
hawe preeat henehits.

3. An Automated Diagnostic Assistant

A tool te 2id diagnostic echnictany must bave the following capabilities;

« Pt mmst be able fo operate effectively as soon as manefacuring eommences, 5o as
to provide assistance o the techhicians when they mast need it. As a result of
this, it musl rely only on information available during the design of the peoduet
and the tests. Furthermote, it must be able to zceept this information quickly and



eagily, withonl a larpe knowledee acquisition ovechead, 25 the amount of Hme
behwveen test development and manufichirng is small.

» It must be able to work without a knowledee of all types of faalt avajlable.
Becavse the way in which a systom will fail cannot be 100% predicted from
design information, the system must be flexibic in i abiliy to hardle “wnloown'

Laulis,

= Tt must be casy to maintain and uperade.
As the devieo butng tested is likedy to be altered regulacdy, it is ireportant that dthe
gysten can handle these medifications, and sl give effective results. A
modifieation should require a minimal change &g the system, and should be
handled By a diagnaosiic technician or test developer,

* The system need not be 100% accurate, Tt iz mors important that it provides
usefiti information #o the disgnostic technician increasing their sffciency. It
should cerlainly eover the most cobumoen cases,

»  The system should be such that it is peychologically acceptable to the vzer. The
user shodld remain in ¢ontrol of the process, and not be told what 1o do,

In addition to these requirements, it is desirable that the =vstom 15 fast; if it can process all
the functional test resuits in less than 2 second, then it can mn as part of the mamefheturtng
test Jine, and be uzed By operators (see later). When thiz takes place, mamfacturine
diagmosis can become sienificanily mare efficient.

4. The JADE System

The JADE system combines a simple model-baged approach o diggnosis wilh probabiliste
reasoning, It receives the finctional test results direct from the tester, and analyses these to
determine which fzults are most likely to bave cansed tham.  The raditonal expert systere
approach to diagnosis, sich as [Allead et. al, 317, has suffered from the fact that cxpertise is
only developed after manufacharing has beaun, and that pew expertise needs to be patherad
for each now produst. The model-based approach [Davis 841 de Flear and Williams 871,
{Briver #7], advocates reasoning with mwdels of the system to be diagnosed. These models
can be obtaived at desipn tie. This can be combined with probabilistic information [de
Kleer 917, 1o propose the most likely causes of 2 miven failors. This approach has the
dizadvantaze that the models mquivad ace olten complex, and z0 can require 2 lot of cffort
to develop.

H wses models of all dhe ests applied - ith goed Dohavior modcls and, 1F availabls, meds:ls
of havw failtees can cause specific bad resulis, The models are spacified in tcrms of how the
lest acts on the board ender test;, wheiher they accese memoery, oulput to a specific part, eie.
These actions in turn map dowm ante specific components and somponent functions,
Unlike the streeturgd models traditional used, such modals are sirmple to develop - it takes a
test technicien a week or 50 10 praduce models for a typical funetional test suite.



These raodels can be used In & consistency-based fashion to detemmine which disgnoses are
[ogically possible. Additionatly, the models of tests and actions contain infarmalion as o
what Jegres each exersises individual components. This allows 8 elative weighting to be
asaigned o cach diagnosis, using 8 Béyes-like probabilistic formmla.

The systerm 15 able to handle muihple faunlts offoctively, but is not able to handle extreme
failures; such as a short-circuit resulting i a failure in a Jarge part of the board.

The system is designed as an aid to diagnastic techniciang, and 5o provides information
which werald be of assistance to them, rather than aiming to give a definitive coregt
answer, Hence it outpats a list of candidate diagnoses, in order of relative likelibood, to the
teclmicians. It 35 up to tha technicians to nse their discretion in what to do next; if there is
ane gandidate diagnosiz far more likely than all the others, they may simply transfer the
board siraight to repair, or maks a viseal inspection to confivm the diagnostz, If there anc
several equally plausible diagnoses, they may perform further testing and probing to -
deterrning the true diagnoss, Conboal of the situation is left in the technicians kands.

5. Benefits of the JADE Syster

The prototype system cutlined above has been deployed at GPCD sinee October 1902,
giving significant benefits in productivity.

Inicially, the system was deployed as an assistant to the diagnostic technicizns, meultiog in
a doubling of their productivity. However, it was observed that many of the cases wers
simple to handle with the JADE systcm in place, a3 2 detailed visnal inspection of the
comporent proposed as the most likely dtagnosis wovid confirm the hyporhesis, Hence the
gystemn wes used Instead by # less skilled operator, to weed out the obvious failures as they
left the line. The difficult cases were then handed to the wechnicians, togsther with the
JADT resulte, for further exploration. Hence, the process described in the carlfer section
becomes as follows:
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Such a process change resulted in dramatic perfonnance nnprovements. The operator was
thrae limes oy productive ac a technician withont JADE, She was quickly able to filter oot
fhe casy cases, so allowing the lechoitipns to concentrate on the harder, and more
interesting, cases. Both operator and technicians were happier with thelr new roles,

Thie, of courge, gave larpe cost savings In manufacturing. The direct savings resolting from,
the improved productivity cmablad by JADE was 4.5 million francs over the figst year, In
total, the savings resubting from the now process enahled by JADE was 7 million franes in
e first year,

The systern alze bas a very low eost of ownership compared with other approaches. If a
new praduct 15 to be manefactered, a test technieian is able to penerate new models as
appropriate. Typically, thiz has taken 2-3 days at GPOD. The system has been wsed on four
different products over the first year of its deployment. Maintenance of the models 5
simple, regquires lidtle effort, and can be perfommed by test technicians faniliar with the

EVETENTL.

. Conclusions

An  pyiomated diagnosis system can result in significant productivity paing in
manufacturing test. However, to do this, 1t must require a relatively smatl effort to cnker
product-epacitic knowledge, and it mwst be fast. To meet these requincment the TADE
protetype (and the subsequent P faedt detective product) has adopted 2 model-baged
approach which uses simple models of tests, and combines these with a vadant of Bayesian
peobabiliztic regsening, The resulting system is eagy 1o use and effective, and has vegalted
in significant cost savings within Hewledt-Packard.
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