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Abstract (go-nogo, fine-grain diagnosis oriented testing). Fumatio
testing of component is not used during design or produc-
In the context of maintenance testing and diagnosis of tion stages because test software development is costly. It
faulty boards, a functionaFsm (Finite State Machine)- is mainly achieved at the system level in order to test the
based model for mixed-signal boards has been introducedinteractions between components and to check if the global
[1]. It has been extended for dealing with time sequencessystem meets its specification requirements. Thus, there is
aspects. In this paper, the new modeling technique is pre-no predefined functional tests available at the board level.
sented. Moreover, because of lack of material, diagnosis and
repair is often realized in an empirical way. Clearly,
specialized tools are needed to guide or automate at least
1. Introduction a part of the work involved in the maintenance stage. Our
goal is to provide a help to board maintenance testing

Numerous test methods and techniques have been de"Elnd diagnosis. We propose a method supported by a

veloped for circuit test [2, 3], associated to the different semi-automatic tool allowing the functional specification

. ) : of the board, the definition of testing strategies and the
stages of product life-cycle, mainly at design and produc- : . .
. - . automatic test data set generation. Because automation
tion levels. Surprisingly, not much interest has been tirow

. . ! . . implies using formalism, the formalism has to be chosen
into testing during the maintenance stage. However, main- - )

. . L . to match background practitioners in order to be really
tenance testing has its own specificity. Thus, our work is

. ) . useful. Talking with our industrial partner, we chose the
related to maintenance testing and focus more partlcularIyFSM formalism which is well known by testing engineers.

on mixed-signal boards.
The maintenance stage is one of the step constituting
the life-cycle of a board. This stage begins after the de-

velopment/production cycle. Because of this location in scribed next. Then, the model-bagaw G (Automatic Test

the life-cycle, this stage is complex. First, the knowledge : .
. . Pattern Generation) is presented and we comment results
about the board is most often reduced for maintenance peo-

ple: no designer direct knowledge, partial documentation, %béﬁigzgr?nriti:n p(l_}e Zaggsaii?gr;rgﬁ%m?es\?vg\:’ktgﬁé?g:g
level of confidentiality (military, commercial aspectspcs P ype.

ond, unitary in situ tests are not sufficient because of agedpaper.

components and their interactions at tolerance limits. éMor .

over, large complexity of boards and safety aspects in em-2- FSM-based board modeling

bedded systems (avionics, automotive,...) have to be man-

aged. All of this implies functional testing in order to ckec A board modeling for maintenaneg PG has been pro-
the board behavior, and to determine and replace faultyposed in [1]. It relies omrsm-based functional models for
components in case of defective functionality. Since they the components of mixed-signal boards.

only make use of the external behavior of the components,

functional-based models may address a wide spectrum of2.1. Board level modeling

situations concerning board maintenance testing: they may

be adapted to the amount of information available (compo- The board is first modeled at th®ard leve] as a set of
nent specification levels), to the nature of the componentsinterconnected functional blocks, as depicted in picture 1
(digital, mixed-signal, or analog) and to the goal of the tes In addition to building blocks of the board, some external

We first present theesm-based functional model for
mixed-signal boards. New time modeling features are de-



someVvHDL/AMS subset specification, or instantiated from

@ bl H b2 a parametrized functions library. The latter is mainly used

for common analog or mixed-signal blocks. Test vectors

@ lists are also usable. Sometimes, these are the simplest way
L b5 for specifying blackbox-like blocks functionalities.
@ b4 @ All of these specification techniques may be mixed, ac-

cording to the nature of the system components, and to the
kind and form of available descriptions for the different

Figure 1. A board is an assembly of blocks. blocks.

Thetest model To generate appropriate test vectors for a
blocks are needed to model connections between the boargdiven component, testing strategies are applied to the func
primary inputs/outputs (PI/PO) and an automatic test equip tional model [4]. This is realized mainly by extending the
ment (ATE): external sources which supply input signals, or functional modeksm at 1/0 points, with newesm pieces
output measurement points. implementing the testing strategy. The test model for a com-

Blocks are analog, digital or mixed-signal, and may have ponent results from this merging. Since test patterns gener
several inputs and outputs. Oriented links denote data extion corresponds tesMm transitions covering, strategies are
changes between components. Signals exchanged on a lingescribed as combinations of transitions. As a simplistic e
are characterized by their amplitude, form, frequency andample, checking one digital output pin activity correspend
type. to some test vectors with 1 and some others with O for this
pin. These vectors are generated frorasm containing
functional mode constraint logic transitions for both the 0-value and the 1-value.

FSM programming
test model based ATPG | test vectors
Pl sequences 2.3. Time aspects
test strategy

FSM

From experimented test engineers point of view, it ap-
Figure 2. The test pattern generation pro- pears that, for at least go-nogo testing, simple time man-
cess. agement is often sufficient. In the context of maintenance
testing, the modeling of accurate delay values is not neces-
sary. These values are often either useless, or unavailable
The former arises when approximative clock frequency is
set by engineer for test run, the latter when the board comes
without timing information. However, at least sequences of

d atesti trat depicted in picture 2. Test vect values are necessary for meeting test requirements. Thus,
and atesting strategyas depicted in picture 2. festvectors ordering test data is mandatory. Since the model presented

for a component are generated by covering each transitioqn [1] is based on communicatirgswm, it is of interest to
of the component’s test model. Since the block under testmOdel time with such objects.

1S Oﬁﬁ n gmbeddegIW|tl?|t;13th(fa b_otard, Xv't?r? u'; anyt_test Iacczss Our first approach to deal with time sequences is based
mechanism (e.g. bloc of picture 1), the functional mod- on a simple clock model. Iissmis similar to a board input

els of ad!acent components are used for Just|f|cat|on andmodel as time may be considered as an external data for the
propagation of the block I/0 up to PI/PO. Final vectors are board. Multiple clocks may coexist in the same functional

computed using constraint logic programming (CLP). model. The different actions driven by a clock are speci-

fied by waiting for thet op value on some transition of the
receivingrsm. In our modeling, a behavior of the board is
represented by a path from Pl to PO in a set of communicat-
The proposed approach for the functional modeling of jng FSM. Thus, sensitizing a path leads to cross the clocks
the components is based on communicatie, since  edges a number of times and thus to compute dates in terms
these objects are flexible enough to handle various kindsgf number of tops for the associated test data.
of board specifications. With this kind of modeling for clocks, time modeling is
decoupled from the component modeling. Clock models
Thefunctional model of each componentis a set of com- may be generated automatically and changed easily accord-
municatingrsM. TheFsm model may be specified with an  ing to testing needs without modifying the remaining parts
appropriate graphical user interfagey(), derivated from  of the model.

The board checking consists in testing each block indi-
vidually using its associatedsm-based test model This
test model is created by merging a bldckctional model

2.2. Block level modeling



However, this time management may not be sufficient 3.1. Board Description
in some cases. Suppose a modeling with two clackis
andClks sendingtop; andtop, respectively. These tops do The Tachy board is a mixed-signal board. It has four-
not have an associated date (time stamp). The test patterteen analog channels receiving DC signals coming from
generation process explained in section 2.4 "asks” for sometachymetric generators. The main function of the board
top events in order to obtain a test data for a component.is to check in a cyclic way the values of input signals by
This test data is a sequence dated in a relative way. Thuscomparing them to two voltage thresholds and write into
the real dating of the test data comes from the ordering of RAM memory the time stamped number of each faulty
the top events. If there is no constraint on the periodicity channel. A channel is faulty if its analog signal is not
of the two clocks, a consistent timing may be associated tobetween the two thresholds. The RAM memory is reseted
the test data. Otherwise, a generated test data may have avery six minutes.
wrong timing because the sequence of top events may be
conflicting with the period of each type of event. The new technique, undertaking time sequences aspects

A first approach to solve this problem is to increase the better, makes possible to deal with the last point (which was
algorithmic complexity of the generation processin ordert not considered in [1]).
eliminate wrong sequences. An alternative approach con-
sists in using time stamped events with a same time refer-3.2. Board Testing
ence. Thus, the test data is dated in an absolute way. We
choose the second approach in order to control the algorith-  For sake of simplicity and conciseness, we are present-
mic complexity. Thus, we propose to manage time stampeding results for a three channels restricted version of the
events. This is achieved by using timed automata [5]. In- board. This restriction has no incidence on the complexity
deed, timed automata allow to specify time-dependant be-of the modeling and testing process [6].
haviors with clocks (like periods) using the same time ref-
erence. This approach is illustrated on the case study (see The test data set of the board generated with our method

section 3). is:TDS ={T'D,,TD5,TD3,TDy, T D5} with:
TDl = (In: ((Tll _6:?:?:t0p(21)7—):
2.4. Model-based ATPG (7,712 — 0,7, top(22), ),
(7,7, 113 — 0, top(z3), -)),
As explained in section 2.57TPG is achieved by cover- Out = (([1,21],7,7), ([1,21], [1, 22], 7),
ing the test models. Covering a transition leads to meet the (11, 1], [1, 22, [1, 23])))
associated data constraints. The constraints are pragghgat ~ with VEk. 6k ¢ [21,23] andz; < 23 < 23

up to the board’s PI/PO, also modeledas1. The problem

of test data generation is faced using CLP and classical al- TD, s like T.Dy replacingri; — 0 by m; + 0.

gorithms for finite state machines (transition coveragsest TD; = (In= (?7,7,7, ,reset(z)),
coverage, path coverage). Thanks to CLP, test data are rep- Out = ([0, 2], 10, 2], [0, 2]))
resented in a symbolic way, using ranges of values, dealing with Jk. z = 6k

efficiently with analog and digital data representationann

);

uniform way. TDy= (In= ((m1+9,?,7,top(z1), ),
Ranges of vectors are computed for reaching the test re- (7,712 +9, 7 t‘)p(z?) ),
quirements. Actual values are defined at the end, making (7,7, 713 + 0,t0p(23), ),
possible to take into account some ATE specificities. Out = (([?, Zl] ) ([7 1], 7, 221, 7),
(12 21,2, 2], 7, )
with VEk. 6k §§ [21, 23] andz; < zo < z3

3. Casestudy: The tachy board T Dy is like T D, replacingr;; + § by m2; — 4.

The modeling technique, extended for dealing with time  An input 5-tuple has the forrfS;, S, S3, Clk, Rst) and
sequences aspects (see section 2.3) has been applied toam output 3-tuple has the ford/ P;, M P,, M P3;) where
simple industrial case study. In this section, we give afbrie S, S, S3 are the three analog sourcédk the clock sig-
informal description of th&achy boardand comment the  nal, Rst the reset command, antd P, M P,, M P; the
expected board testing results. three digital measurement points (memory state).

Interested reader may refer to [6] in order to have amore 7 stands for an unspecified value arglands for no input
complete and detailed view of the functional modeling and value. 7;; and,; are the thresholds of a comparatdr
testing strategies involved in this case study. (associated with source).



T D, means that three input test vectors are executed setime aspects. In particular, it allows the modeling and-test
guentially on the board, and that three corresponding dutpu ing in presence of multiple clocks (dependant or not) with
vectors are then observed (more explanations in [6]). different periods. The method has been validated on two

T D, andT D, test faulty behaviors (thresholds exceed- simple industrial case studies. Nevertheless, we are also
ing for all channels). T D, andT D5 test good behaviors  prospecting for improved testing strategies. Anotherobje
(for all channels)T' D test the reset command. tive is to extend the models to take into account more com-

We thus consider that this test data set is sufficient to testplex boards. Further work is required on industrial cases to
the board. The size of each test datd/dd.S is minimal, validate the approach and exhibit its limits.
but we could have generated fewer test data with a bigger
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