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Figure 2,24 Loom interconnection diagram

.he success ot the short-circuit and open-circuit diagnostic
algorithms requires the ordering to be changed to NI:N5:N1.
The reason for this reshuffling will be explaired shortly. The
seritl data patte:n stored with respect to each iew test bit
node, will undergo this orderirg modification. This ensures
storage from the highest to the lowest node number, for each

sext bit node measurement cycle.

Since each node in the test system will in turn become a test
bit node, inherent redundancy 1is found in the form of
measurement data duplication. This is best demonstrated by

means of an example.
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Table 2.1 Measurement data duplication

MEASUREMENT CYCLE MODIFIED STORED SHORT-CIRCUIT
DATA PATTERN

[Test bit corzesponding to N1 N9 N5 N1

Test bit corresponding to N5 N9 N5 N1

Test bit corresponding to N9 N9 N5 N1

The redundancy is removed by ensuring that any node, known to
be suhorted tc a previous test bit node, is excluded from the
test bit node generation list. Once again, enhancing
measurement speed as well as unnecessary software overhead.
Table 2.2 describes how the entire interconnectiocn
configuration of the loom under test (see Figure 2.24) s
acquired, Measurement cycles are depicted in a step-by-step
format, focussing all detail on measurement data storage

patterns.

Due to the elimination of the inherent redundancy found in this
type of digital measuring technique, each connector pin number
or node is represented once only. Not only being a concise way
of storing measurement data, the entire short and open circuit
list needed to reconstruct the wiring diagram of the loom ig
included. The actual info;mation is contained in the
positioning or ordering of the nodes in the array. This
approach allows for simple, high speed, minimum code fault
detecting algorithms, avoiding che burden of sifting through

chunks of useless information.

8
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Table 2.2 Loom intercomnection configuration data storage pattern

MEASURFMENT CYCLE STORED SHORT-CIRCULT DATA PATTERN MODIFIED STORED DATA PATTERN
[Test bit no~a N N§ @ N1 N9 NS DN I N

Test 91t node N2 N7 : N& N2 N7 D N4 N2

Test bit node N3 N3 ‘N3

Test bit node NG N8 © NE : NIO N1 N8 NG
[Test Bit node K1) N wH

Test bit node NI2 N6 @ N}& ; NI12 NS @ N1& ; NI12
iTest i1t node N13 N3 *N13

Test bit node N1§ NS *N1§

Combining the modifted stored data patterns tn arder, from test bit node NI measurement
cycle results downwards, the fgllowing array represents the entire Toom interconnection

dtagram,
Interconnection dragram array = HGINSINTIN7NA:NZINI:NTOINBING:NTI:NIG:NIG NIZINIZINIS
* in isolated test bit generation node indicates that no other connector pins are

shorted to this particular node. In other words the test bit node s open-circuit

with respect to a)l other nodes.
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Fault diagnostic algorithms

The principles behind automated go/no-go testing of looms can be

divided i{nto three basic tasks:

-  permanent storage of model intercomnection configuration;
-  loading of model and current wiring diagrams;

- implementation of fault diagnostic algorithms.

Permanent storage of model interconnection configuration. This
entails the selection of a loom, wired exactly according the
latest documentation from the batch under test. Undergoing the
measurement cycle procedure just described, the short and
open-circuit data storage pattern is serially transmitted to the
MPU. This information is then permanently transferred to an
EPROM cartridge. The EPROM basically contains the model wiring
diagr 1 of a particular type of loom, which will then be used
for reterencing purposes. Due to the non-volatile nature of the
EPROM, this permanent storage exercise needs to be performed
once only. Updates may be required, due to documentation

modificaticns or damage to the EPROM itself.

Loading of model and current wiring dilagrams, Both the current
as well as the EPROM-based model wiring diagrams of the looum
under test are ioaded into the MPU. The EPROM data type must

correspond to the documentation of the current loom under test.

.
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Implementation of fault diagnostic algorithms. A4 comparison of
the data arruy representing the loom's current wiring layout
with that containing its model interconnection configuration, is
made. By means of software techniques, any differences found
can be interpreted in terms of short and open-circuit

information among the nodes.

For explanation purposes the example loom shown in Figure 2.24
constitutes the mode L interconnection configuration.
Figure 2.25 illustrates a faulty loom of the same type,
representing the current wiring configuration. The Joom under
test is chogen to be faulty, almost beyond recognitior, enabling
a detailed examination of the fault diagnostics.

4 H 3 - 3 [) 7 L]

o o ° o o o °
o ) o [] o e o
M L 1 7 17 % % *

Figure 2.25 Faulty loom interconnecticn configuration
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On completion of the loading task, the dat: arrays MODEL (I) and
CURRENT (I) display the following ‘nterconnection information,
in the form of strategically positioned node numbers as shown in

Table 2.3.

Table 2.3 Intercounection configuration data arrays after

loading

MODEL (J) = (N9:N5:NL1:N7:N4:N2:N3I:N1O:NB:N6:N11:N16:N1&4:N12:
N13:N15)

CURRENT (@) = (N1:N2:N3:N&:NS:N6:M9:N7:N11:N1O:NB:N12:N13:N1l4:
N15:N16)

Since each node is uniquely represented and the chosen test
setup has a maximu. capacity of 16 node termination points,

indexers I and J extend from L through to 16.

Open-circuit detection algorithm, The algorithm is performed

according to the following procedure:
LOOP FROM I = 1 TO CAPACITY

(* This implies that all events found within the loop will bae
executed ‘capacity' times. Capacity is the maximum number
of loom termination points or nodes that the teost
measurement system can accomodate. In this particular case

the loop 1s entered with I = 1, and exits with I = 17 »,)
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Read the node number at CURRENT (1).
Find the position J, of this node, in the model array.

Find all nodes shorted to the node corvesponding to CUARENT
(I). This is accomplished by reading all nodes that satisfy
the condition CURRENT (1) ¢ CURRENT (I-1).

(% The relevance of this condition is due to the fact that
all nodes found to he shorted to a particular test bit

node, are stored with the larger numbers first *.)

Find all the nodes shorted to the node corresponding to
MODEL (J). This is achieved by reading all nodes satisfying
the condition MODEL (J) ¢ MODEL (J-1).

Compare the two packs of short-circuit information.

Any node found i{n the short-circuit data pack corresponding
to the MODEL arrvay, but not in that of the CURRENT array, is

defined as an open-circuit.

The fault/s will be stored as an open-circult between the
node at aadress CURRENT (I) and the missing nude(s). This
information is placed in the OPEN array.

Repeat loop until I > CAPACITY.
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Together with the above procedurs the example loom (sse Figures
2.2% and 2,25) will be used to demonstrate the first loop
iteration., Refer to Table 2.3 for the Aata content »f arraye

MODEL and CURRENT.
1. Node = N1.
2. Position J = 3.

3. Short ecircuit pattern with respect te N1 = N1, i.e.
indicating that node N1 is totally isolated from all the

other node points.

4. Short circuit pattern with respect to Nl = N9:NS:Nl, i.e.
indicating that nodes N9 and N5 are shorted to node N1,
Note the nrder In which the data is stored.

536. Nodes not found in the CURRENT array short-circuit data
pack = N9 and N5.

7. At this'point the array OPEN = NL:N5:NL:iN9, indicating node
pairs Nl te N5 and Nl to N9 to be open-circuit Fault

conditions,
Refer to Table 2.4, which contains fault diagnostic results
collected after fully implementing the open-circuit algorithm,

Summing all the data collected in the OPEN array finds:

OPEN = (N1:N5:NLsN9:N2:N&:N2:N7:NA:N7:NSIN9:NG:NB:N6:NLO:N12:NL4:
N12:NLb:NLAINLG),
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This information indicates open-circuit fault conditions among

the following node pairs:

Nl to NS
N1 to Nyi
N2 to N&4;
N2 to N7
N4 to N7
N5 to N9;
N&é to N8;
Nf  to N10;
N12 to Nl4;
N12 to Nl&;
N14 to N16.
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The breakdown may be caused by any combination of nodes shown
in the OPEN array. The solution would be to physically locate
vhe farlt. However, the validity of the fault diagnostic
regults suickly points to the problem area. By visually
comparing the wiring diagrams shown in Figures 2.24 and 2,25,
the above information is easily verified.

Short-circuit detection algorithm

This algorithm is performed according to the following

procedure:
LOOP FROM I = CAPACITY DOWN TO 1.

(* Reading nodes starting at the end position of the CURRENT
array allows only short-circuit node clusters to be sifted
out. Basically only those nodes, involved in a
short-circuit configuration, will be examined by the

algorithm *.)

1. Read the node number at CURRENT (I).
2, If the coadition CURRENT (1) < CURRENT (I-1) is true then:

(a) find the position J, of the node read in sgtep 1, in
the MODEL arrs ;

(b) find all the nodes shorted to node corresponding to
CURRENT {I). This is accompiished by raading all
nodes satisfying the condition
CURRENT (1) ¢ CURRENT (I-1);
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(e)

(d*

(e)

find all nodes shorted to tne node corresponding

to MODEL (J). This is achieved by reading all

nodes satisfyiag the condition

MODEL (J) ¢ MOVEL (J-1);

compare the two packs of short-circuit

“srmation. Any node found in the short-circuit

pack corresponding to the CURRENT crray, but
in that of the MODEL array, is defined as a

su.ct cireuit;

the fault(s) will be stored as a shert circuit

between the node at address CURRENT (I) and the

missing node(s). This information is placed in

the SHORT array.

Repeat loop uatil I = 1,

The example loom (see Tigures 2.24 and 2.25) will be used to

demonstrate the first loop iteration. Rafer to Table 2.3 for
the data content of arrays MODEL and CURRENT.

1. Node = Nl6, i.e. I = 16.
Since the condition CURRENT (I) ¢ CURRENT (I-1) is false,
no fault information is stored in the "HORT array. this

completes the first cycle through the loop.
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Refer to Table 2.5, displaying fauit diagnostic results
collected after fully implementing the short-circuit
algorithm, Summing all the data collected in the SHORT array
finds:

SHORT = (N8:N11:N1O:N11:47:N9)

This information indicates short -circuit fault conditions

amor.z the following node pairs:

N8 to N1i;
N10 to N1ilj
N7 to N9.

By visually comparing the wiring diagrams shown in Figures 2.24
~and 2.25, this informetion can easily be verified.
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Self-Testing

Due to the digital nature of the measurement system, a fully
comprehensive self-test can easily be performed on the go/no-go
measurement card. From an equipwment maintenance point of view,
fault~finling times are greatly increased, indirectly providing
a cost saving. The »perators' confidence in the test system is
enhanced by allowing an automatic self-test option, posszibly

leading to a better man/machine relationship.

The self test comprises two basic phases:

~  Scaaning of the entire node bus, rsading only those nodes
representing a logic 'low' level. Ingstead of generating a
test bit node list, each line is passively scenned reading
only ‘'low' level logic states to the CURRENT arvay. 1.is
information represents short-circuit fault conditions

generated hy the measurement card.

- Scanning of the =entire node bus ir conjunction with a
special self test loom. Tues wiring ceofiguration of the
self-test loom comprises individua! shorted wire pairs.
Thus any open-circuit condition due to board railure will

be detected.

Measurement board failure could arise due to any of the
Jallowing conditions: integrated circuit failure, faulty

interface wiring, or damaged PCB tracks and components.
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Assuming the measurement card to has no fault conditions
present the node patlerns displayed in tha CURRENT array will
be:

- for phase 1: (short-circuit detection configuration)
CURRENT = (NULL ARRAY), implying no short-circuit

condition exists;

- for phase 2: (open-circuit detection configuration)
CURRENT = (N9:NL:NLO:N2:NL1L:NJ:NL2:N&NIZ:NS:NLLN6INLS:
N7:N16:N8), implying the self-test ioom configuration.
In this phase (ke data pattern storage mechanism, is the
same as for the fault diagnostic algorithms just

_ described.

Note that in any short-circuit cluster the high value node
numbers are slways stored first, down to the actual test bit

node.

Again, the l6-node measurement ietu] showr in Figure 2,23 is
used to explain the details of the selt-test concept. The idea
would be to store model informatioa gathered as a constant
look~up table, against which phase 2 self-teat data can be
referenced, Taking the resulty from phase 2 of a fully

functional l6-node measurement card, the look-up array will be:

OPEN~S/TEST = (N9:NI:N1O:NZ:NLL:N3:N12:N&tN1I:NS:NL4:N6INLS:
N7:N16:N8).
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The example shown assumes the following measurement card fau

conditions:

-  connector interface wires to node points N1, N3 and N8 are
broken off;

-  damnged buffer bits corresponding to node lines N7, N10 and
Nl6 are permanently pulled to ground, resulring in a

congtunt board generated short-circuit condition.

Without any external loom connection to the tester, phase ! is.
implemented, generating the following pattern:

CURRENT = (N7 : N10 : N16)

This information directly implies short-circuit fault
conditions on lines N7, N10 and N16. This exposes the faults

in the second part of the example.

Connecting the self-test loom to ths system, phase 2 ig then

implomented generating the following node pattern:

CURBENT = (N1:NL6INLS:NLOIN7:N2:N3:N1Z:NA:NI3:NSINLGINEING NG
N11).

By directly comparing data between the CURRENT and OPEN-S/TEST
arrays, nodea Nl+Ny, N3I+N1l and NB+N16 are found to be
open~cireuit faults. This information directly implies
board~generated open-circuit  fault conditions on  these
particular node lines. Thias exposes the faults in the first

part of the example.

(Y
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Conclusion

The ultimate purpose of any automatic loom tester, covering the
go/no-go test philosophy domain, is to detect faults in wiring
configurations. The design challenge is obviously to find the
mogt efficient techniques of performing this function, offering

the user:

- low equipment cost;
- fast measurement times;
- intelligent fault-finding algorithms.

Due to the digital nature of this weasurement system, the

following advantages are offered:

~  components are inexpensive and readily availablae;
~  bardware real-estate can be kept to a minimum;

- the power of the measurement system is software-based.

Many of the testers available make use of analogue measurement
systems. Apart from the accuracy overkill for this type of
test philosophy, components are costly (i.e. relays,
analogue~to~digital converters, etc.). The use of vrelays
implies wear and tear, which is inconvenient for the user as

they eventually have to be replaced.
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The go/no-go measurement card module tests 50 nodes in less
than one second. This can be extremely advantageous when
testing lorge loowa of the order of hundreds of wires,
involving many go/no-g. measurement modules to be chained
together. When testing large looms of considerable volume,
slow measurement spmseds could prove to be costly.

An anomaly common to fault finding algorithms found in many of

the testers * °~ ' {s shown in the following setup:

node ! tort to node 2; mu.tiple faults consist of
a known © . is actually open, and an unknown short
betweaen node aode 3.

5

Figure 2.26 Multiple faults with & known short circuit

The results were: durin; the first run, the test picked up
that node 1 was open to node 2. The test
did not plck up that 2 was shorted to 3

until the open error .as corrvected.

During t'» second run, the short circuit
betwean 2 and 3 was datectsd.
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If the test and maintenance operations are any distance apart,
running forwards and backwards could delay a product, resulting
in a lower production yield. One of the major advantages of
the fault finding diagnostics discussed in the measurement
software section, is that the entire faul: list of the unit

under test is fully displayed on the first run,
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3 TECINICAL DEVELOPMENT AND IMPLIMENTATION CF THE
PONER-LINE TEST PHILOSCPHY

All wires measured in the go/no-go test domain constitute
control, status and information lines. These types of signals
feed into high {impedance inputs, imp.ying a Jmall current
handling anything below a couple of milli-ohms. A continuity
condition implias resistannes ranging from tens of wmilli-ohms
to tens of ohms, depending on the characteristics of the wire
defined by the following equation:

R = PL equation ( 1)
A
= resistance;
= resisgtivity of the conducting material;
 length of wire}

= cross-gectional area of wire,

I - B

Due to the low current carrying capacity of ‘'go/no-go' type
wires, an accurate determination of vresistance has no
significant meaning to the measurement results. The basic aim
is to determine whether a condition is continuous or

discontinuous.
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Situations will however arise where it will h“e of the utmost
importance to accurately determine the resistance in a loom
wire. Ihis type of testing falls under the POWER-LINE test
philosophy. Any line carrying some gignificant current falls
into this category. Althcugh the approximate figure of these
currents starts from the milli-ohm range upwards, values of
significance ov the low side of the scale will vary according
to different design constraints. Figure 3.1 illustrates a

typical example requiring the need for this area of loom

testing.
v
POWER
SUPPLY
R WIRE
Ve ]
I INTEGRATED
CIRCUITS

Figure 3.1 Powar-line setup
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Due to a pocr erimping joint betwesn the wire and connector pin
or corrogsion in the conducting material, the resis-ance in the
pover line wire increases from 40 milli-ohms to 2 ohms.
Assuming that the current sgource requirement I = | A and the
power supply voltege is 3 V, a design constraint in this type
of coafiguration may specify that the PCB supply rail +Vec, may
not drop below 4 V. If this coundition occeurs, various

integrated circuits vital to the functioning of the system,

will fail to operate correctly.

Case 1 me.‘? = 40 milli-ohms
Vee = V power supply - I R'JIRE
=5 ~ 1 x 0,04
= 4,36 ¥ {~creptable)

Case 2 mes; = 2 ohms
Vee = V power suppiv - [ RWIRE
=5 -1 x2

= 3 V {unacceptable).

3.1 Quality Measuremsut Card Design

One of the functional specifications mentioned in the automatic
loom tester specification was that a facility Ffor accurately
wearuring the resistance in twenty or more individual loom
wires be provided. The QUALITY measurement card provides this
very function, allowing the determination of resistance, down

to tens of milli-otmy, io twenty different lines.




Kceping in siep with the open-endedness and modularity of the
design approach, the QUALITY measurement module is also housed
on a standard 100 mm x 160 mm Euro-card., These modules are
easily expanded by simply dalsy-chaining any number of iLhese
measurement cards together, in much the same way as described

for the go/no-go measurement card.

Figure 3.2 illustrates the basic concept behind the measurement
implementation of the QUALITY card. Once the loom undes test
is connected to the card interface a specific wire can be
selected by choosing the appropriate channel in switching bank
multiplexcc L, The current source action then pumps a constant
current | through the chosen wire of resistance R. The voltage

developed across the loom wire,
V= IR equation ( 2)

is switched to the gignal -onditioning circuitry via switching
bank multiplexer 2. Correct channel selection of both the
switching multiplexer banks are controlled by microprocessor

driven switeching bank controllers.

The signal conditioning circuitry maximizes the amplitude of
the input signal, making full use of the Analogue-to-Digital
Converter (ADC) conversion range. This effectively allows the
detection of minute voltages, ‘'imited cauly hy the rated
resclution of the ADC. Although such a gain ustage 'ntroduces
various errors into the mneasurement result, these can be
filtered out by scftware manipulation. This technique once
again  demonstrates the power and  flexibility of a

aoftware~based design systew.
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The ADC converts the analogue inp voltage, indirectly
representing wire resistance, into a digital output in the form
of an 8-bit byte. This information is fed intc the
microprocessor, via the data bus, where the measured uvata is
ianterpreted, then printed out in the form of a resistance
value. Detail concerning software algorithms will be discussed

further on.
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Figure 3.2 Hardware architecture of the quality measurement

card .
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3.1.1 The current source

What influence does current source magnitude have on
measurements in this type of testing environment? Many people
argue the importance of simulating the actual operating current
conditions in a particular wire. A common reason beiag that a
power line exhibiting excessive severed strands will most
probably be forced open-circuit when® simulated in its
'real-world’' environment. This premature fault detection in a
test setup usually involves high currents, of the order of a
couple of amps upwardas. Higher currents and variable current

sources are synonymous with high cost implications.

The goal of POWER LINE testing is to detect a degradation in
wire resistance. Depending on the sensitivity of the
measurement system, the magnitude of the current source I,
should have no significant contribution. What effect will the
use of Aa small current source I, say tens of milli-amps, have
on a case of severed stran.s? According to equation (1), the
resistance of the wire should increase sufficiently to warraat
some attention, and thus being repaired. Although both
conditious display the same 2nd result, the use of swmaller
currents allow for a digiral oriented design approach. This
introduces low cost and reliability factors, eliminating the
need for heavy duty tranr 'y mechanical relays and large

power supplies.
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Refer to Figure 3.3 for the basic current source configuration
used. The solid-state switching multiplexer bank used, allows
a maximum current of 25 milli-amps through each channel.
According to tnis constraint the constant current [ was chousen
to be 20 milli-amps. The feedback principle of the operational
amplifier, implies that the voltage level present on the
inverting leg will track that of the non-inverting leg, i.e.

the reference voltage.
2V, 12V

voLT
REFERENCE

SWITCHING 8ANK

MULTIPLEXER
— CALIBRATION
[ POINT
I |
1 |
f | LOOM
' RW | WIRE
| 1
| i AMMETER
| |
| 1
beda d .

Figure 3.3 Current source
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Thus,

12 - ¥,
I = —E_-EF equation ( 3)

chonsging VREF = 10V

the current determinaticn resistor R = 0’2‘0-2‘ = 100 ohms.
s

A resistor of this value thus ensures the sourcing of a

constant current [ = 20 mA.

The resolution of the current source is determined Ly the
tolerances of the voltage reference. By minimizing the voltage
span across the potentiometer and choosing a decent number of
turns, high precision iz ensured. Examine Figure 3.4 for the

voltage reference precision analysis which follows.

s 12V

R1 = Sk

o V1

R2 = 10k§,20 TURN POTENTIOMENT
v2

R2 = 50kQ

Figure 3.4 Precision voltage reference
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vi 12 (RZ + R3 equation ( &)

"Rl + R2 + R3

12 R2

R TER squation ( 5)

v2
the voltage span across the potentiometer R3.

Vi - V2 = 11,08 V - 9,23 = 1,85 V.

Thic {mplies that one turn of the wiper inccrements the
reference voltage by 1,85 V per 20 turns which equals 92 mvV.
Similarly the half-turn resolution of *he reference equals 46
mV. Using a conservative half-turn resolution as the tolerance
standard, the current gource can be calibrated to within + 0,46
mA, i.e. 46 mV/100 ohms of the desired 20 mA current source
value. The current source can then safely bhe specified as

having an accuracy to within 2%.

Basing this analysis on a voltage reference tolerance below a
half-turn, pgreater current source accuracy can be achizved.
With a high precision ammeter, accuracies of less than 1% can
be ittained., Transistor Tl introduces a current error by the

loss of base current Ib sourced to the op-amp Al.
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This base current constitutes a fraction of the constant
current I. Thus the actual current flowing through the loom
wire Ic equals I - Ib, equation (6). This error cam be
compensated for by adjusting the voltage reference. During a
calibration procedure, all loom wire loads must be

disconnected; the only loa, being an ammeter.

Under no-load conditions the transistor base current saturates
to the output short-circuit current of the op-amp. If larger
source currents are applied, this prevents destruction of the
trarsistor due to excessive base current drainage. As a result
of heating characteristics, the traasistor should be derated by
at least five times the required current capacity, i.e. 100 mA.

3.1.2 Switching bank multiplexere

Multiplexer banks 1 and 2 consisting of quad digital bilateral
switch packages, switch selected wires to the current source

and the measurement circuitry.
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This base current constitutes a fraction of *the constant
current I. Thus the actual current flowing through the loom
wire Ic equals I - Ib, equation (6). This error can be
compensated for by adjusting the voltage reference. During a
calibration procedure, all loom wire loads must be

disconnected; the only load being an ammeter,

Under no-load conditions the transistor base current saturates
to the output snort-cirevit current of the op-amp. If larger
source currents are arylie:, this prevents destruction of the
transistor due to excessive base current draine;:. As a result
of heating characteristics, the traansistor shoul. be derated by
at least five times the required current capacity, '.e. 100 mA.

3.1.2 Switching bank multiplexers

Multiplexer banks ! and 2 consisting of quad digital bilateral
switch packages, switch sslected wires to the currant source

and the measurement circuitry,
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Figure 3.5 A 4066 quad digital bilateral switch (top view)

All four switches may De useu separately or in combination. On
any single uwitch, when the control voltage equals ground, the
switch remains orf and behaves as a very high impedance. When
the control voltuge equals +5 V, the switch turns on and
behavesb as a nearly linear, bilateral, 90-ohm resistor.
Maximum gwitching frequeacy is 5 MHz at 5 V. Dissipation
should be kept under 100 mW total, implying that not more than
25 mA can be routed through the circuit.

A problem which may occur, however, is one where the digital
gwitch can give extra output current that {s derived from the
positive supply, for very low values of load resistance. Thlis
is caused by !.rward biasing of a subrate in transistors
internal <o the package. Table 3.1 records the results of
pumping variocus currents into a particular digital switch,

while monitoring the output current.
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Table 3.1 Results of the internal curtreat gereration behaviour
within the chip

INPUT CURRENT OUTPUT CURRENT
mA mA
20,0 4l
15,0 30
12,5 23
8,0 9
B 7,0 7

Thus, input currents greater than 7 mA trigger this internal
ship current generation effect. One way to get around this
problem is to call the following pin inputs when delivering

curreat from an outside source to the output load:

pins 2, 3, 9 and '
This effect applies only to thore swic. . . coupling the load
(loom wire) to the current source. Switehes associated with

the high impedance measuremgnt circuitry iap ts are required to

carry minute currents, making them truly bi‘e.ural.
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The digital switches forming part of the current scurce l.op,
were found to have on-resistances ranging betwsen 80 and 150
ohms. These variations are small enough to be absorbed by the
variable resistance effect of transistor Tl Thus, the adde.
resistance of the switching bank multiplexe: has no effect on
the current sourcing action. A faulty awitch on the other
hand, displaying a large on-~resistance, will transform the
current gource into a potentizl divider. Such a conditicon will
result in erronecus measurement data. The switching bank
controllers comprise microprocessor driven serial-to-parallel
shift registers. These will be discussed further on. As
described in the GO/NO~GO measurement card, this form of

control technique aliows for eagy inter-modular expansion.

3.1.3 Signal conditioning circuitry

The meagurement limits of tae QUALITY card will range from
approximately 40 milli-obms to 10 ohms. Depending on the
length of the wirs, the crogs-sectional area, che type of
conducting material and the current-carrying requirements, this
power-line resistaice spectrum covers most areas of interest.
The conditioning circuitcy ensures that tne opt.num analogue
signal is always fed into the ADC, by supplyin a gain stage.
This optimization with respect to the full gcale input voltage
span of the ADC enhances measurement accuracy. A gain factor
can be determined by examining the broad specii .ations of the

ADC, as wrll as inherent errors generated by a ,. '+ stage.
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The ADC chosen has an 8-bit resolution with a 0 to 5 V full
scale input voltage span. The resolution (R) of .he ADC is
important since the system resolution is determined by this
parameter. It is usually defined as the analogue voltage
needed to produce a change in the least significant bit of the

ADC. For an n-bit ANC, the resolution may e expressed as:

full scale input voltage

R(volts) = = equation ( &)
(27 - 1)
- S
28 L 20 mV
"
| M
1 |
lx ! R i
| — ]
. '
SWITCHING | . :
BANK | o P o
:’ L) . : V“M
! i
! R2 |
Rove L te : !
‘ |
e e -l

Figure 3.6 Signal conditioning circuitry

Referring to Figure 3.6, the following equation can be derived:
V anc (IN) = 6 [Ic RWIREI equation ( 7)
where G is the gain factor.

Choosing a gain G = 25, {.e. Rl = 10 kilo~ohms and R2 =

250 kilo-chms the absolute conditioned voltage outputs,

corresponding to the resistance spectrum specification of the

QUALITY card, can be deterwined.
.
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S R

For QWIRE o * 40 mi.li-ohms

Vooe () = 25 (0,02 . 0,06]
= 20 oV
For R‘w’IRE (MAX) ~ 3 ohms
Vane (o =43V

The gain is chosen so that the resolution of the ADC 20 mV
equals 40 milli-c =2, implying a spectrum which increments in
steps of 40 milii-ohms. The 0,5 Volt buffer, i.e. the 9 ohm
upper-limit corresponding to &,5 V and not 5 V, ensures
absolute measurement certainty ir this region. This allowance

takes the following factors int. account:

a. Uncertainty concerning the .ctual full-scale point, i.e.
the {nput analogue volta;: corresponding to a digital
o.tput change from 1111111¢f to 11111111B. This point is
usually found at Vee -~ Y/2 LEB, 5 - 10 mV = 4,9 V.
Eliminating the need for th.. .ype of verificazion, ensures
high  measurement reliability and does naot require

calibration.
b. Errors generated by the gain stage due to the inte:cal

characteristice of an operatiional amplifier as wall as

tolerances of external biasing resistors.
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Ignoring the above er.,cs wouli only cause measurement
corruption of wire resisiance values on the upper end of the
spectrum, effectively narrowing the spectrum bandwid:th

sensitivity.

3.1.4 Noise

Noise ccnditions and solutions in the ADC and gain stage
circuitry can be analysed. To get more perspective on the
areas of relevance, the actual componentz to be chosen will be
analysed. Operational amplifiers are available with simple
Bi-polar Junction Transistor (BJT), or with Fileld Effect
Transistor (FET), inputs. In g~neral.‘5ﬂ' inprts have large
bias currents (approximately 200 nA), small offset voltages
(approximately 1 mV), and modest (approximately 2 mega-ohms)
input impedances. FET inputs have very small bias currents
(approximately 20 pA), large offset voltages (approximately
10 mV), and high input impedances (approximately 100 meza-

ohms). The choice of a BJT or FET input Operational Amplifier
(OA), depends on whether bias currents or offset voltages are

more significant in a particular application.

An OA with a BJT input is preferred in DC applications where
low source impedances exist and small offset voltages are
important. The QUALITY card current source displays a
resistance Rs N approximately 600  obwms, as shown in
Figure 3,7. The loom wire load, with resistance values ranging
from tena of milli-ohms to a couple of ohms, represents load
voltages anywhere between hundreds of micro-volts and hundreds

of aV.
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Figure 3.7 Source impedance and load voltage model of the
QUALITY card

A small offset voltage, Vos, is impertant in direct coupled
circuits involving low-level DC signals, because Vos is easily
amplified along with the signal. This can result in a large,
temperature-dependent DC error voltage. The differential front
end of an 0A consists of a matched pair of BJTs. Because the
input transistors of real OAs are not identical, their base
currents and base/emitter voltages are unequal. The resulting
input offset current, Ios, and input offset voltage, Vos, lead
to a net non-zero output voltage even when both inputs are

grounded.

-~
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Input offset current Ios 10 nA (max) at 25 °C

Input offset current drift | Alos/AT 200 pA/°C (max)
,[Input offset voltage Vos 2 mV (max) at 25 °C
‘Input offset voltage drift | AVos/aT 15 uv/°C (max)

Although the presence of Yos aund Vos in real OAs leads to an
outpui error voltage, a more serious problem is that these
parameters are temperature-dependent, so that this output error
voltage drifts with temperature. The following analysis
evaluates the maximum lumped error output of the gain stage
circuitry, considering both the OA and its external passive
components. The temperature range under consideration 1is
between =25 °C and +75 °C, AT = 50 °C, with an input
resistance Rl, of approximately 250 kilo-ohms. Table 3.2 lis.s
the DC error parameters for the chosen IMI58A sing e-supply

low~power dual OA.

Table 3.2 DC error characteristics for the IMLIS8A QA

[TOTAL LUMPED ERROR] MAX

Alos AVos
R,, + los RIN + Vos + AT equation ( 8)

=6 Uar Ry

= G[2,5 mV + 2,5 mV 42 mV + 0,75 mV]
= G[7,75] mv
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Working with 1% toleranced resistors, implying a maximum gain

factor error of approximately 2%, the
TOTAL MAXIMUM LUMPED ERROR

= {25 + 25 x 0,02] 7,75 mV
approximately 200 v,

Thus the 500 mV voltage error buffer is more than sufficient to

absorb the maximum gain stage error.

In any system, a ccmmon bus line, from which all voltages are
measured, exists. This is referred to as thz system common,

The analogue measurement subsystem (Figure 3.8) is made up of a

nunber of functional blocks, each with its ow on rail,
which are in turn connected to the system comm : “y, all
commons should have zero impedance between them, ground,

but in practice this is not the case. Vires, PCs .vacks, and
metal chasses all have finite resistances, and somz capacitive
or inductive coupling always «xists between nominally common

points and the system ground.

A system ground is establizhed by connecting the system common
to earth., It is therefore most important to determine where
the return currents from the wvarious functional blocks are
flowing. This is because, when the return currents are
combined with the finite resistances of their common rails,
they generate different potentials along the system common. If
two or more adjacent commons are connected, then a ground loop
is formed, and the differeat potentials cause a circulating

current to flow.




In addition, the topology of the ground loop can cause it to
act as an antenna so that the RF interference that it picks up
can contribute to the ground loop current. Figure 3.8 shows
how these return currents can cause coupling hetween the
functional blocks in the analogue measurement subsystem. R1,
RZ and R3 represent the resistance of the connecting wire; a
few inches of 20 gauge wire would typically have a resistance
between 1 and 10 milli-ohms. The return currents are normally
such that those from the later stuges are much greater than

those from the early stages (Il‘ <I2, <13).

CURRENT
SOURCE
LOOM WIRE  ALOG DIGITAL
POWER LOAD G NPUT APPROXI- | T0 MPY
SUPPLY VOLTAGE STAGE  L——wd STAGE OF TION &
ADC OUTPUT OF
ADC
{ " 1z i)
' /1 2 R3
[‘ fa— e J g P o 8
- nsi2.0 1.0 5]

Figuie 3.8 Coupling caused by the use of a common path for

return currents




This means that the 'earth"” wvoltage at —oint B will be
different from that at point A. This may not be much of a
problem at point B, since we are dealing with high level
signals at this end of the analogue input subsystem. But the
fact that K3 +1s0 has an effect on the "earth" of the loom
wire load voltage, where the signals are smaller, can lead to
significant coupling and consequent corruption of the sgignal.
From an ADC point of view, analogue and digital signal grounds

should be kept separate vwhere possible.

This prevents noisy digital signals from flowing into the
analogue ground circuit and inducing spurious analogue signal
noise. The elimination of this coupling then requires two
things. Not only should a single ground be used, vut also each
functional block should have a separate lead to connect it to
ground, as shown in Figure 3.9, so that no two signals share

the same return path.

CURRENT
SOURCE
POWER
SUPPLY
[GTAL appr} TO
GAIN ANALOG
io“gn WIRE STAGE INPUT STAG Freos l’u..
ADC STaGE of
VOUTAGE ADC
r
1s12413
Rt 1t
3 13
AANAAN

Figure 3.9 Decoupling by the use of separate palhs for return

currents




3.1.5 Automatic calibration

In order to allow the final sottware manipulation to accurately
convert the ADC digital bytes into actual wire resistance
measurement results, the inherict errors found in the gain
stage must be calculated. This i{s especially critical for
small wire resistance values, vhere the signal to noise ratio

tends to unity. As previously mentioned, . these errors

congtitute:

a. temperature dependent offset voltages and currents,

producing & nett output error voltage, Vi oco.i

b. error due to passive component tolerance, resulting in a

deviation in the gain from the ideal value G.

Unpredictable wvariables, such as a continuocusly drifting
temperature environment and differences between like OAs

(components), make manual calibration meaningless, If not

impossible.

The software control base of the QUALITY card, allows for the
easy implementation of auto-calibration techniques. The
accurate determination of vOFFSET and G is made possible by
the hardware setup, shown in Figure 3.10.
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Figure 3,10 Automatic czlibration nardware coanfiguration

By alternately switching the RA and RB resistor loads, the
following equations are derived:

v equation ( 8)

Yor * Vorrser * O'V)

where: G' is the latest gain factor value, and

v is the latest lumped 0OA output voltage error.

"OFFSET

A .
Yoz = Vorrser * ¢V, equation ( 9)




t 1 t .
Thus the unknowns and V OF "SET T calculated as follows:

v v
G = H equation (10)
2 1
Y orrser * Vo1 - 'Yy equation (11)

Using 1% tolerance resistors, the lumped tolerance in each of

the resistive loads,

1 I L2 2
TQ = AT RE TR Tyt e (Rl TRZ) equation (12)
where Q = M equation (13)

In both rases, l.e. Rl = R2 = RA and Rl = R2 = RB, the
calculasted lumped tolerance TQ is approximately 0,7%. The
approximate 2,7% error of uncertainty found in this
auto-cslibration setup, a combination of resistor and curreat
source tolarances, 1is small encugh to be f[iltered out by the
ragolution of the ADC. Choosing RA = | ohm gives a resistive
load egual to 0,5 obms yielding an ADC input voltage of
approximstely 1% x 0,02 x 0,5 which equals 0,25 V; the 2,73
ev.zr is 7 mV. Similarly choosing RB = 2 ohms gives a 2,7%
error in the ADC iaput voltage which equals 14 mV. The area of
uncertainty in the automatic calibration technique is

approximately the ADC resolution + 0,8 mV.
G
having no implications on the measurement system as a whole.
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3.1.6 A . u-wire quality card example

A two-wire loom capacity QUALITY card example, (Figure 3.11),
is wused to demonstrate the detailed CEfunctioning of the
measurement card, from both a hardware ani software point of
view. Using the specified twenty wire configuration would unly
produce the same results, merely dupli- ting the basic
operating principles. The following discussion refers to the

circait diagram illustrated in Figure 3.il.
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Fikure 3.11 Detailed quality meas. ement card displaying a two-loom wire capacity




Breaking the m rsurement process down into a series of

step-by~step activities, requires a detailed examina.ion of the

QUALITY card system.

Port bit 1 (MASTER RESET) 1is toggled, high-low-high,
resetting all shift register outputs to che zero
condition. As a recult, the bilateral switch control lines
place all switchee, SWIA to SW4B, in the high impedance
moda, At this stage the 20 mA current source can be
calibrated, placing a precision ammeter across ICAL* and
GND, if so desired. This is the only manual calibraiion
reqoirement of the measurement system, possibly needing

attention on a monthly basis.
Port bit 3 (SERIAL INPUT) is _ulled high.

Port bit 2 (CLOCK INPUT) is toggled, low-high-low, shifting
the logic 'high' serial input bit to output Q0.

Jhe serial input bit iz then tied low for the rest of the
measurement cycle. With this configuration, by merely
pulsing the clock input bit (port bit 2), the logic high
bit present at QO can be uniquely rippled tarough to each
of the other outputs {(Ql to Q3). By controlling the
position of the ripple effect asch digital switch can be
individually opened and closea, allowing any of resistive
loads (loom wires) to be accurately measured. By simply
cascading several shift registers Cogether, the ripple
effect can be extended to control any number of digital
switches. This microprocessor driven switch control
technique aliows the system capacity and the number of loom

wires measured, to be sasily expanded.
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Pulling the SW1A and SW1B control lines high, i.e. QO being
a logic high, connects the 1 ohm calibration resistive load
te the current source as wa2ll as to the measurement
circuitry. From equation (8) the digital equivalent of the
signal processed -alibration voltage V01 is transmitted
to the MPU.

Toggling the clock input (port bit 2), shifts the logic
high bit to output Ql. Since  the serial input is
permanently tied low at this stage, only one of the shift
register outputs can be high, allowing only one of cthe
digital switches to be closed at any one time, The
0,5 ohms calibration resistive load is now coupled to the
current source and measurement circuitry. Similarly the
byte value of the signal processed calibraticn voltage
VOZ’ equation (9), is stored to the MPU.

With the relevant automatic calibration ianfor.ition known,
i.e. Vl’ Vg, VOI and VOZ'
internal to the microprocessor calculates G' and VQOFFSE'I‘

software manipulation

as shown in equations (10) and (11).
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Port bit 2 is toggled again, now coupling lcom wire 1 into
the measurement system. The signal conditioned voltage of
' 3 I
the wire VWIREl ig transformed into an equivalent
digital signal and passe! to the microprocessor, via its
data bus. The microprocessor then calculatas the true
resigstance value RWIRE 1 according te the following
equations, to within an accuracy of approximately
40 milli-ohms.

equation (14)

v 'Y +

‘wire 1 * 'Vyire 1 * ViorFsrr

N v - .
“VYymE 1 * (" WIRE 1 X QFFSET] equation (15)

81ving Royrpp 1 = Vyre 1/ Tcumrent source equation (16)
Via an RS232-C serial port the measurement result can be

transmitted to a printer or a terminal.

Toggle port bit 2 switching loom wire 2 into the
meas-irement gsystem. The wire resistance value mez g is
then determined in the same way as that for loom wire 1.

This completes the detailed wmeasurement cycle of a two-wire

QUALITY measurement caid.
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4 THE CENTRAL PROCESSING UNIT

A Central Processing Unit must be provided to communicate with
the measurement cards, namely the QUALITY and GO/NO-GO cards.
This implies that contrcl stimuli must be transmitted and that
measurement and status data must be received, from these
application cards. A CPU is also required to allow the user to
interact with the automatic loom tester, by means of a front

panel.

QUALITY MEASUREMENT
CARD

{20 WIRES)
WITH CAPACITY EXPANSION
FACLITY

11

CENTRAL PROCESSING GO-NOGO
UNIT {CPU) CARD MEASUREMENT.
. CARD —
{50 NODES) {50 NOGES)
N x GO-NOGO CARDS
USER FRONT ,
PANEL

Figure 4.1 The overall system hardware structure
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4.1 Choice of Microcomputer and Software Development Tools

The 8031 single component eight-bit microcomputer was chosen as
the system cootroller. This chip provides a cost-effective
(approximately R10) solution for those controller applications
requiring up to 64 kilo-bytes of program and/or 64 kilo-bytes
of data storage. Spucifically, the 8031 contains 128 bytes of
read/write data memory; 32 I/0 lines configured as four
eight-bit parallel ports; two 16-bit timer/counters; a
five-source, two-priority level nested interrupt structure; a
programmable serial I/0 port; and an on-chip oscillator with

clock circuitry.

The 8031 microcomputer is efficient 1in both control and
computational type applications. This results from extensive
BCD/binary arithmetic and bit thandling facilities. The
controller makes efficient use of its program memory space with
an instruction set consisting of 44% one-byte, 41% two-byte and
15% three-byte instructions. When the CPU is operating at 12.
MPz, over half of the inmstructions execute in  just
1 micro~second, while the longest instructions, namely
multiplication and division, require only 4 micro-seconds.
This type of efficiency enhances speed in both the acquisition
and the processing of measurement data; an  important

constraint when testing large looms.
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Since the 8031 microcomputer chip is a member of the MCS 351
family, the PL/M-51 language was chosen as the software
development tool. High~level languages are more closely
modelled on hwnan t! ~wht processes than lower level languages,
such as Assembler. High~level languages require one less
translation step from concept-to-code than do lower-level
languages. Consequently, high-level languages are relatively
easy to write and can be written faster than low-level
languages. Programs in high-level languages are easier to read
and understand than those in lower-level languages, and are
thus easier to modify. High level languages therefore result
in lower costs for both the development and maintenance of

programs.

4.2 The User Front Panel

The front panel basically consists of momentary pushbutton
gwitches, Light Emitting Diode (LED) indicators, an RS232-C
serial port connector and universal EPROM holder. Figure 4.2
is a detailed representation of the front panel.
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Figure 4.2 Front panel

The BUSY (yellow) LED indicates that a pé\rticulnr operation is
being computed. This effectively disconnects the front panel
from the user. The PAS3 (green) LED indicates that a
particular operation passed without fault. The FAIL (red) LED
indicates that the particular operation has failed. A printer
is connected to the serial port (R5232-C) connector, providing

a hardcopy of the tes* results.




4.2.1 The S/TEST pushbu'ton

The S/TEET pushbutton provides a facility for the GO/NO-GO
measurement card/s to be self tested. This ensures that there
are no machine-~generated sghort or open circuit fault
conditions, thus preventing the constant corruption of
measurement data. The self test conaists of two phases, a
short-circuit check followed by an open-circuit test, already
explained in soma detail. The self test procedure is as

follows:
a. Press the 5/TEST pushbutton.
b. The BUSY (yellow) LED will illuminate.

¢. The go/no-go card is checked for short-circuit faulty
conditions. If failure occurs the faulty node line numbers
are printed out. This completes the short-circuit test,

d. At this stage the BUSY LED remains illuminated (flashing)
indicating that the S/TEST operation is still in process,
i.e., that the open cilrcult self test must still be

performed.

e. The open-circuit test is initiated by first connecting the
'self test loom' to the GO/NO-GO card interface, then
pressing the S/TEST pushbutton once again.

f. The go/no-go card is checked for open-circuit conditions.

I1f it fails, the faulty node line numbers will print out,
thus completing the open-circult self test.
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4.2.1 The S/TEST pushbutton

The S/TEST pushbutton provides a facility for the GO/NO-GU
pieasurament card/s to be self trested. This ensures that there
are a0 machire-generated short or open circuit fault
coaditions, thus preventing ths constant corruption of
measurement data. The self test consists of two phases, a
short-circuit chack followed by an open-circuit test, already
explained in gsome detuil. The self test procedure is as

follows:
a. Press the S/TEST pushbutton.
b. The BUSY (yellow) LED will illuminate.

¢. The go/no-go card is checked for short-circuit faulty
conditions. If failure occurs the faulty node line numbers
are printed out. This completes the short-circuit test.

d. At this stage the BUSY LED remains illuminated (flashing)
indicating that the S/TEST operation is still in process,
i.e. that the open circuit self rest must still be

performed.

e. The open-circuit test is initiated by first connec*ing the
‘self test loom’ to the GO/NO-GO card interface, then
pressing the 8/TEST pushbutton once again.

£. The go/no~ge card is checked for open-circuit conditiorns.

If it fails, the faulty node line numbers will print out,
thus completing the open-circuit self test.
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The BUSY LED switches off, and depending on whether either
of the seif tests failed or both passed, the FAIL (red) or
PASS (green) LED will illuminate, respectively.

4.2.2 The LOAD pushbutton

The LOAD pushbutton provides a hardcopy output of the entire

wiring configuration of any loom connected to the tester. This

facility has two main advantages:

In .esearch ana development environments, single one-off
loecms are commonly found. The verification of such looms
will require a printout of the entire virin; pattern,
displaying all short-circuit paths by means of node
(connector pin) numbers. This information c¢an then
visually be compared with the original wiring
documentation, allowing the detection of any fault

conditions that may be present.

In situations where more than one loom of the same type
requires testing, verification is effectively achieved by
automatically comparing wiring configurations transparaat
to the user. Thisg involves permanently storing a perfect
wiring pattern, of the particular loom type, in an EPROM.
The wiring configuration of any future loom of this type
will then be compared against the EPROM data, with
differences implying fault conditions. If a model ioor,
i.e. the reference wiring patrern to be permanently stored,
is hand cested, there will always be some degree of
uncertainty, egpeclally in the more complex configurations.
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By continuously printing out the wiring pattern and eliminating
faults, the perfect configuration will eventually be obtained,

and no uncertainty will exist.

The load procedure is as follows:

a. Connect the desired loom to the machine interface.
5. Press the LOAD pushbutton.

c¢. The BUSY LED will illuminate.

4. The wiring configuration of the runnected loom is
determined and printed out. Only the short-circuit paths
are displayed by means of node (connector pin} numbers.

e. The BUSY LED switches off, once again allowing the user

access to the front panel.

4.2.3 The PROG pushbutton

Once the user is satisfled with a wmodel reference wiring
configuration, the information caa be permamently stored in an
EPROM. Before inserting a valid date marker, & storage check
is performed. If information s fousd tu be astored
incorrectly, the CPROM storage space isdessr mowes to the nexnt
blank sector. By pressing the PROGC pushbuttos sgain the same
reference pattern information is stored and checked in the new
sector. This procedure can be continued until sither a valid
data storage check 1s obtained or the EPROM gtorage space

indexer exceeds the capaclity of the E2ROM,

[
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The program procedure is as follows:

a. Insert a blank EPROM into the universal holder located on

the front panel.

b. Press the PROG pushbutton. Once the model reference wiring
pattern has been obtained, via the load mode, the model
loom need not be coanected to the tester during the

programming procedure.
¢. The BUSY LED will illuminate. .

d. The r ferencv wiring pattern information is stored in the
EPROM and verified.

e. The BUSY LED switches off.

£. If a valid check is obtained the PASS (greem) LED will
illuminate, or conversely if it fails, the FAIL (red) LED

will iiluminate.

4.2.4 The TEST pushbutton

Thig facility determines the current wiring configuration of
the loum under test, comparing it to a reference wiring pattern
of the same type, stored in EPROM. Any differences found are
analysed by the short and open-circuit algorithms, after which
the fault diagnosis is displayed in the form of a printeut.
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The test procedure is as follows:

{0

11

Insert the relevant EPROM, pertaining to the particular
loom rvpe under test, into the universal holder located on

the front panel.
Press the TEST pushbutton,
The BUSY (yellow) LED will {lluminate.

The model EPROM based reference pa' rn is loadel into the

machine.
The wiring configuration of the UUT is determined.

The UUT wiring pattern is compered to the reference
pattern, detecting all short-circuit fault conditions.

Fault conditions are printed out in the form of node
{connector pian) numbers.
The UUT wiring pattern is compared against the .eference

~attern, detecting all open-circuit fault conditions.

Fault conditions are printed out in the form of node

(connector pin) numbers.
The BUSY led switches off.

1f any fault conditions existed the FAIL (red’ led {s
illuminated, else the PASS (green) led illuminates.
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4.2.5 Hard copy example

The following loom test printout is based on an example shown
in Figure 4.3, Part a. exhibits the model reference wiring
configuration of type loom A stored on eprom. Part b. shows a

faulty wiring pattern of loom A, to be test ' and diagnosed.

SHORTS

10 TO 48

] 6 S0 49 09 TO 50

08 TO 49
02 TO 12

04 FAIL

OPENS

02 TO 06
08 TO 50
09 TO 49

03 FAIL

M2 w849 50|
b. Faulty loom A

Figure 4.3 Hard copy example

By comparing the two wiring patterns, the seven faults
displayed in the hard copy can be quickly verified. As shown
above, a major advantage of the fault-finding algorithms of
this tester s that multiple fault conditions are {fully
diagnosed on the first run.
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4.3

CENTRAL PROCESSING UNIT HARDWARE

In order to meet the requirements of the §/TEST, TEST, PROG and

LOAD modes, the CPU card must provide the following hardware
blocks:

A microcomputer controller for manipulating and diagnosing
measurement results, transmitting/receiving control
stimuli/status information to and from the application
measurement cards, as well as the overall control of the

central processing unit.

A monitor Reid Only Memory (ROM) containing the entire
operating system, ultimateiy providing the functionality of

the tester.

An I/0 port latch expander facility allowing the controller
access to the front panel. This gives the microprocessor

mere time to handle the more important tasks.

External Random Access Memory (RAM)  necessary to
temporarily store loom wiring patterns, as well as other

intermediate variables.

An EPROM burner for the permanent storage of model

reference wiring configurations.

Due to rhe hardcopy rasult cutput, an RS232-C

driver/receiver is necessary.
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Figure 4.4 Central Processing Unit (CPU) card hardware architecture



Refer to Appendix B for the detailed CPU card hardware
schematic. The self explanatory nature of the CPU card
hardware leaves only tae EPROM burner for discussion, Hardware
structure techniques similar to that displayed in the CPU card,
are extensively discussed 1in many advanced microprocessor

design textbooks and handbooks.

4.3.1 The EPROM burner

The EPROM burner consgists of four basic hardware blocks:

The EPROM.

A programmable peripheral interface.

A DC/DC converter.

A programming voltage switching controller.

L I TR

PROGRAMMABLE
. e, A

PERIFH.RAL

INTEREACE e

: 2 [

PROGRAMMING

oesoe N VOLTASE SWITCNING
CONVERTER S Pl

EPROM

Figure 4.5 EPROM burner hardware block diagram
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The EPROM mode: of concern are the READ and PROGRAMMING
cycles. Acuess to these operations is achieved by controlling
the relevant lines inccrporated in the EPROM control bus. Mode
of operation selection as well as supplying and receiving of
stable address and dJdata information to and from the EPROM,
embody the function performed bv the Programmable Peripheral
Interface (PPI). In the READ mode the programming puwer supply
sits at +5 V, whereas in the PROGRAMMING mode it must sit at
+25 V. The programming voltage switching controller ensures
this operation. In order to achieve the necessary 25 V
programning voltage from a general 5 V system power supply a
DC/DC (5 ¥/25 V) converter step-up configuration is required.
The following analysis refers to the detailed schematic of the
EPROM burner, shown in Figure 4.6.
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Figure 4.6 Detailed EPROM burner schamatic
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During power-on the PPI reset input goes ‘'high’', due to the
action of the MPU reset configuration. As a result ports A, B
and C will be configured in their input modes, (i.e. all port
lines will be in the high impedance state. With pull-up
resistors on specified port lines, the following initialization

will result during power-cn:

a. The chip enable CE (devica selection) is pulled 'high',
placing the EPROM in a high Iimpedance state. This
effectively disconnects the chip from the rest of the

system.

b. Port line PC3, the programming voltage switching controller
control line, is pulled hixh» cauging the programming
voltage supply at Vpp to sit at 5 V, This prevents
erroneous data from being Lurnt into the EPROM every time

the tester is switched on.

At this point it must be decided as to whether information {is
to he read {(verified) Ffrom or written into the EPROM.




4.3,1.1 A write cycle

Assuming the data byte 77H is to be permanently stored into the
EPROM at address location 0001 H, the following procedure will

take place:

Place ports A, 5 and C in their output modes. It should be
noted rYat any of the eight bits of ports C only can be set
or reset using a single output Instruction. This feature

reduces software requirements in control-based applications.

Write 77H into port B, effectively driving the required
data onto the EPROM data bus.

Write OlH into port A and reset port lines PCO(AB), PC1(A9)
and PC2(A10). This places the required address onto the
EPROM address bus, ALOAY9ABATABASALA3AZALAQ = C0000000001B.

Reset the PC3 port bit line, switching Vpp to 25 V. The
EPROM programming mode requires the Vpp power supply to sit
at 25 V and the output enable line 5:‘: pulled ‘high’.
Keeping 5% high gzates data from the output pins (DO-D7)
preventing bus contention between the EPROM data bus end
port B on the PPI, Although damage may result, such a
coudition will corrupt the programming data.

Once the information on the EPROM address and data buses
are stable and Vpp = 25 V, the data byte 77H is ready to be
burnt into the EPRUM.




f.

By merely placing a 50 ms active high pulse on the chip

enable line EE. 77H is permanently stored at address

0001H.

4.3.1.2 A read cycle

Assuming a data byte burnt into a specific EPROM address
location is to be verified (read). the following procedure is

executed:

Configure ports A and C in their output modes.

Place the specified EPROM address to ports A and C, i.e. AQ
* ALO.

Set port bit PU3 reguiting in Vpp = 5 V.

Configure port 3 in its input mode. This allows the MPU,
via the PPI, to read the £PROM data.

Reset port bit PC5, the output enable control line

OF, g ting data to the EPROM output pins (DO-D7).

Instituting a port B read cycle, data corresponding to the
specified EPROM address is written into the microprocessor

and processed.




. R i
e

4,3.1.3 The programming voltage switching controller operation

As already defined the function of this controller {s to switch

the programming voltage line VUpp between 5 V and 25 V depending

on

the required mode of operation., Setting port bit PC3

(approximately 35 V) has the following effect on the controller:

ot e

Comparator output Al sits at approximately 25 V.
Compavator output A2 sits at approximately O V.

The 'high' output of Al places zener diode 22 in its high
impedance blocking region. Being & current gensitive
device tr;mistor T2 is cut-off. Hence the 25V DC/IC
converter supply, via transistor T2, becomes disconnected

from pin Vpp.

The low output of A2 forward biases transistor Tls emitter
base junction, switching the 5 V supply to pin Vpp.

Similarly by resetting port bit PC3 (approximately 0 V):

b.

Comparator output Al sits at approximately O V.

Comparator output A2 sits at approx.mately 25 V.
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c. A 'high' output on A2 causes zener diode 21 to avalanche.
The 6,8 V reference reverse biases transistor Tl, resulting
in cut-off. A 6V8 zener diode was chosen to achieve a
reverse bias condition without stressing the base-emitter
junction, otherrise possibly damaging the transistor.

d. The 'low' output of comparator Al results in the breakdown
of zener diode 2. This condition forward tLiases
transistor T2, connecting the 25 V supply to pin Ypp.

The exclusion of diode DI would prevent the controller from
switching the 25 V supply to pin Vpp, when PC3 iy reset. This
condition 4is due to base collector junction breskdown in
transistor Tl. With diode D1 removed and PC3 reset, ruuitn in
Vpp ~ 7,5 V and not the expected 25 V, Representing
transitor Tl as a diode model Figure 4.7 clearly illustrates
this fault condition. Due to the 6,8 V base reference voltage,
the boce-collector junction of transistor Tl becomes forward
biased causing Vpp to sit ar approximately 7,5 V. Tramnsistor
T2 moves out of saturation in order to absorb the excess

potential.

st e e o
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Figure 4.7 Frogramming voltage effect with switching
controller control line PC3 reset and diode D1

removed

Inserting dicde Dl in transistor Tls collector path prevents
the forward bias effect of its base-collector junction, thus
ensuring the required 25 V programming voltage. The
functioning and design equations of the DC/DC step-up converter
can be obtained from the lexas Instruments Power data manual or

the equivalent thereof,
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4.3.2 The operating system

Although the 8031 m’cro-centroller constitutes che nucleus of
entire cesting system, the functionality and intelligence of
the lcom tester is provided by the firmware stored in the
monitor EFROM., The following sequence of flow diagrams fully
describe the operating system with finer detail found in the

software listings contained in Appendix C.




STaRY

MITIALISATION:

§ TURN ALL PANEL LED INDICA-|

TORS oF¢

SET NUMERCUS FLAGS

& VARABLES

3 CONFIGURE TME RE232-C
PROTOCOL

CHECK PUSHBLTTON
STATUS
L oTEsY

LOAD
PUSHBLTTON
PRESSED

Figure 4.8 Main program loop flow diagras
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Figure 4.9 TEST mode fluw diagram
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Figure 4.11 LOAD mode flow diagram
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5 CONCLUSTON

Extensive work has been done investigating and developing loom
testing requirements. This has resulted in a low-cost
microprocesgsor based loom testing system. Appendix D

illustrates the current prototype tester.

Beside being able to play a vital role in industry today, the
AUTOMATIC LOOM TESTER discussed the oaly known one of its
kind to be developed in South Africa. Although there has been
much discussion pertaining to the basic design of such a
machine, areas encompassing future ideas have been left
untouched, In conclusion, probable future work on the loom

tester will be discussed.

At pressni the prototype rack-based loom tester allows go/no-go
type cesting only, having a fully industrialised go/no-go
measurement card. Although the do>sign concept concerning
POWER-LINE type measurement techniques has been proven, the
QUALITY meagurement card has not yet been integrated into the
overall testing system. This leaves areas such as:

a. the machine Interface;
b. resistance errors due to UUT/machine adaptor harnesses,

still to be investigated. Even though a four-wire resistance
meagsurement is effectively being performed on each loom wire,
the added error introduced by an adapior harness is illustrated

in Figure 5,1,
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Figure 5.1 Lumped resistance error due to adaptor harness

Due to the necessity for a QUALITY measurement card, ways of
accurately compensating for such conditions will be thoroughly

iavestiyated.

Situstions oftea arise where looms and cables must be tested
‘on site.’ Une of the original requirements was to provide
gome gort of portability option. This will call for
investigations {nto the following topics:

a. sacondary cells, posaibly nickel-cadmium cells;

b. battery chargers;

¢. battery regulation cards;

d. power consumption characterlistics of the teater;

e. noise generation effects and remedies due to power
switching.

-~
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Providing a stable, noise-free power supply is fundamentally
important to the sucnessful implementation of a microromputer
system, The de~’‘gion whether to buy or to manufacture a power
supply will basically depend on factors such a cost, time and
availability. Although a  demonstration  power  supply,
§$V + 5% 3 A, has been d-signed to specifically slide into a
standard rack housing, no final decision has been taken

concerning the power supply module.

At present, ounly one modcl reference wiring configuration can
be stored per EFRUM. Fault conditions and wiring patterns are
printed out in terms of node numbers, which must then be
manually converted to the real loom connector notation. Making
use of the R5232-C serial port facil;ty 2 terminal could link
into the teat system, greatly extending the user/machine
interaction. By expanding the operating system firmware in
conjunction with a terminal co-aection, the following

possibilities exist:

a. allowance for the user to store many model referen ¢ wiring

configurations per EPROM by creating a directory facility;

b. allowance for the user to manually edit and store model
reference wiring configurations without the need to connect

a loom to the tester interface;

c¢. the ability to enter and store loom connecter names in
EPROM result’ag in fault conditions and wiring patterns
belng represented by tha a<tual connector pin antationy

d. allowance for the user to choose and halt any single fault
nsondition or short-circuit combinat . on, exposing
intermittent faults.

“
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in time, many more ideas and developments will come to light.
A seed has been sown, with only the needs . the custemer to

determine how it grows.
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APPENDIX A

CIRCUIT DIAGRAM OF THE GO/NO-GO MEASUREMENT MODUT.E
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APPENDIX B i

CIRCUIT DIAGRAM OF THE CENTRAL PROCESSING UNIT g
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5T ART:
s
DECLARE DEC LITERALLYDUCLARE 5
DEC REG LITERALLY REGILTER’
DEC FALSE LITERALLY'® S
DEC TRUE LITERALLY' 1/ «SI1Z2E LITERALLY'S0/ S
DEC SCRODUT BIT ATREID REGS
DEC 1 DBYTE AT(30l) REGS
DEC PI BYTE AT (DAGM) REGS
DEC TCON BYTE ATOSSH) REG, TMOD BYTE AT (EMDREGH
DEC S0 BYTE AT(9GH) REGSEUT BYTE AT(9RHD) REGS
DEC THi BYTE ATCSOH) REG INT DBYTE AT(OAGH) REGH
DEC FPORT3.S BIT aATOBSID REGY
DEC CONJCAY BYTE CONISTANT O TO 703
BT ALNDCIY BYTES

PR OO L RO HEC RO NUMBER  HOD LENLANG STAG PINT DATALY ) BYTES

DEC FOREVER LITERALLY WHILE 17’3

DEC S.DATA(X) BYTE CONSTANT(2ZOH, 2001y 7 SHORTS y 2D OLHD 3

DEC GLDATA(*) EYTE CONITANT C2eH: Z0H, ‘OPENT s @DH O0HY 3

DEC . DATA(») BYTE CONSTANTZOH, 20 "FASS ' 0NN 01D 5

GEC FLoDATA(R) DYTE CONSTANTC28Hy 20H: "FAIL yQDH, @LHD $
DEC(COUMNT » NODESHO DUMMY s COUIR TS 2, COUNTS L PORT 2, FORT.G)Y BYTES
GEC LEARNSDATA(S9)Y DYTE AT(E908H) ANILIARYS

DEC CCHEDI s MUL T » FEAL KIDE s LARGEST Y BYTES

DEC CMARE _ 1 o MARK U2y COUNTEZ COUNT 4 BTG UNUM, COUNT Sy COUNT 240
DEC LEARNCSTZE) BYTE AT (&02&813210 AUXILIARYS

LEC CURRENT(SIZES DYTE AT (S00OH+IZHASTZE) AUXILIARYS
DEC(RELy CLR FLAS CHECK L1y BYTES

DEC OPENCIIZE)Y BYTE AT(S000H+I21003170+31ZEY AUXILIARYS

BYTE

WALSAS ONILV¥3d0 ZHL J0 ONIISIT ZDENOS

3 XIaN3day




DHEC SHORTCSTZEY VTE AT (&@OG1: SRHeSTZEvETIE+0 1200 AUXILIARYS
DECCI Lok uty BVTES

LEC(CURRENTSITART » CURRONTSSTOP s LEARNTLTAR T+ LUANNSSTON Y BYTES
DEC(DATAS LUALL TEST, P e TPLOLFLGY BYTES

DECOGAMy COUNTS 7y L ADD, COUNTRE) WOl
CEC INFOGA) BYTE AT(eABOAH) ALIXTLIARYS

DECOH_ARD REATWN_VERIFY) BYTE:
DEC CHOOTHORT (%) BYTE COMITANT (1422748456 7+ 2 10 110 125 130 1 4
15916917 1B 129200210 200 200 28 20 D80 27 - 28 275 309 31 T2 B0 344 35,
BEY AT BV ETV 409411 425 439 44045, 45, 47,43, 49,801 3

DEC CHIL.OPEN(®) BYTE CONSTANT (269192772 Y Es 2P s 30 Sy s 69 BT T
BHeB 3430 10 BE 11 37 12 B 130 3% 140200 15 A1 L0 420 174 430 1S,

B4 19985 20185, 21647 22985 20040, D850 250

s SER_INT SERZICES THE RO Z22-0 THRANSMIT IMTCRRUFT FLAG, "HIS FLAG IO
SET BY HARDWARE AT THE DOEGTHNING OF THE LTORP BIT IHN ANY SERIAL T

AMSMISZTONMUST DE CLEARED 0Y SOFTWARE «/
SERLINT
FPROCEDURE TNTURRUET 4 USING 13
CUMMY =@

N ANDE o DHs
END SERLOINTS

Jw DEL PROVIDES THE NEC
DATA BITS GEING TRAN
nelLs
CROCENIFE S
FoMmy =1 §
D WHIL G DUMMY s g
NN T

SARY DELAY TO PROVENT THE CORRPUPTION OF SERIAL
ITYED/




ENDS
CND DELS

/x DELLL POLLS THD SERTAL
DEL .13
PROCELIINE 3
[0 WHILE PORTE Se=is
d=mleyy
END:
END DEL .13

TODESTINATION DEVICE FOR BUSY STATUSs/

Sw FPACE EXECUTES THO CONEZCUTIVE DReLF COMMANDS» /7

SPACE:
PROCEBURE
jon] I To 2

SEUT= 200
CALL DELS
CaLl DEL s

EWGe
EHD shatls
Ao PRI ERABLES THE WORD DRSS TO BE LUMFID YO A FRINTU R/

FA
PROCEME
GO T=0 T LedT O DATOI S
SEUF=P _DATACT 1
CALL DELS
CELL DEL s
ENDS
CND Py




Jw FAULT DNABLLS THE WORD FALLTY TO BC DIKPED TO A PRINTERS/
FARULT:
PROCEVLEE
O Is=0 TO LALDTOR DATA Y
W DATACT D g
CALL DELSY
CaLl DEL .1
ENDS
EMD FAULT S

k3

/% ASCLMO CONVFRTS NODE NUMPLROG TH HEX TO ASCTT LOTATTONS/
ASC.NO:
PROCEDURE
HLNO=Gke O CHECLNG AND o éiHd 1 40 8
L NO=HEC NG AND OFHS
MUMEBER s CHLUNOX 3 0H +L NS
ALND D) = (ONUMBER/7QAH Y DR 3011
FLNOCL = CNUMBTR. MOD GAM ORS00
END A%C NG

Jw MUSSAGLOUT ENABLES TEST RUSIET FAULT CONDITION NODE NUMBURS TO BU
TEANSMITTIED IN ASCTL NOTATTION DOWN SERTAL LINK IN THE FORMAT
CHODE WG, 10 (HORE NOLD
CRODE NG, T (NOCDE NOLD
ETC
EHTS THE ARRAY CONTAINING THE RULEVANT DATA
: ECENTS THE ARRAY DATA LENGTH
THE ACREAY OF CONCEMM 19 SPECIFIELR IN THE CALL COMMANDw/
MESSAL_OUT:

LS REPR




=@
GO WLl (Y CsMEES
CALL SPACES
HECUNG=MESSAGE (1) 4
CALL ARD_NOS
0O K=o TO 13
GEUF =8 _NOCK) 3
CALL DELS
CALL DEL_13
ENDY
oo L@ TO 3
GRUF=CINILY
CALL DELY
Chll. DEL .13

END3
IT=3+is
HEC NO=MESSAGECT . 3

CALL RSO NGO
O b= TO 1%
SRUSaf NGO
call DFLy
CALL DEL .13
END
T=T+13
DRUF =@
CaLL Dl

EYTE AUKILIARYS

r L EN D CMUTSSAGECT ) gy



CALL DEL. 13
END /500 WHILE»/
CBUF =Y
CaLL DELs
Catl DEL.L
END M AGIDITS

S YELLOW. ON TLLUMINATES
YELDOW (s

PROCEDURE

Pi=1711

Fil=P1 AND OLFH

FORT E=FORTLE ARD 8lHY

F1=PORT. 2}

Fl=F1 O 1e0

END YELLOGW. ONS

/o RED.ON TLLUMINATED THE Fall

FED_ON:
FROCELNE 3
Fl=17Hs
Pi=F1 AND QLR
PORT.L2=FORT 2 AND O
PL=POnT . 2y
Pi=t1 OR Lol
END REDOY

/R GREEN_ OGN TLLLETIHATE S THY

GREEN.ON:
PROCEDUZE S

THE BLAY LEDw/

LED/

FRES LT/

F 1



Fl=17113%
Pl=F1 AND OFFHS

FORT.Z=FORT. 2 AND oDl
PL=PORT 2y
Fl=F1 OR LOH3
CMD GREEN.LGONS

ZAYELLOW_CFF TURMNZG THE EBULY LED OFTw/
YELUOW. .0 s

PROCEDURE 3
Pl=1711

Pl=P1 AND QEFH}
PORT Z=PORT 2 O

aitis

F1=PORT. 23

Flafy O 10

END YELLOW.OFFY

/% REDLOUT TURKND THE FALL LED O/
RED.OFF
- CROCEDUTE S

P1a=17¢H3

Pi=PL AND 7
FORT. . Z=FPORT .
B T ST 08 B a)
P1=F1 CR 1OHG
CHDD REDLOCFS

‘A
2 0R 041

Jw GREENLOFT TURNE THE PARS LED OFFx/

e




Fl=17H3

cal3
Fi=F1 OFR 1@
EMD GRELM.LOMFS

Jw TEST G SOANS THE TEST SHITOH PORANY CLOSLIRE/

At
CELECE S
1=10HS

Fl=fl AND @TFHS
Pl=F1 OF G6Fil
DATA=F 13

Fl=f1 OF 1OH}
TEST=DATA AND oriy
END TEST.SWS

SLTEST JCW CUANT THE SELD TEST SWITOH FOR ANY JLUSURE »/
CTEST.L S

CEBLERES

Pl=1aHs

Pl=fy AND 270y

Fl=py OR @t

DOTa=F 13

Fi=F1 OF 1aH2

LLUTES MRTA BRD BT

ToSWs

WOECAEN THE [ OAD SWITOH FORANY CLOGURES/




Pisl AanD ODFHy
Plsfl OF @FH3

LATA=P1Y
Pr=f] GR 1oHs
LOAD=DATA ANL «
ENDL LOADL S

R A
WS

THE PROGEAM SWITOH FOR ANY CLOZUNRE »/

Fl=10H3
Pi=fi AND @i
Fl=fF1 GR GFH3
DATA=F1S

FL=Py OR 1S
PRS- TATA AN
END PROGBWS

LR

JDEL PROVIBES A ONE SULGND DELAYVE/
3 Fl:
COCEDURE 3

Do Jd=1 TO teas

CALL TIML(1oks

ENDS
END OHe W5LDELS
FURNS A MODEL

/w N

REFCRONCE WIRTHG PATTERN INTO AN EPROM. THE

/% PROGLUFFROM

i,



M 5

i

DATA STORAGE 1A
ANY V

he]

CLEINTE7=20AR
NVER I Y=TRUES

L ADD=GAT MOD %oy
HoAGI=0AF 7 25483

IHNFO( =00l

ES S

IRNPFOOL: L AODS

CALL TIMEC109)3

Do I=0 TC (SIZE-1)s
COUNTE 7 =COUNTS 7 v L s
THFOC e THEDCE Y O @iy

LoALD ADD+ LS

jH
INFOC2 ) =INFOOZ v
Lonabli=as
s
INFOCOr=LOWIL _ALD )
ety
IRFGOC Y =l EARNCT Y S

PRE"S B 1

OMPARED WITH THE BURNT DATA. IF VERIFIED A VALID
DAt MOAND AGAIN VERIFIFD.
IFICATION FATLURE (CAl
TO B ROVELD TH A NEW VACUANT
CUROM FOR ANOTHER STORALGE ATTEMPT, THIL
HRNTIL DITHER A val ID DATA
CARACTTY OF THF EPROM 10 DXCEELED=/

THE EFROM DATA
CTORAGE SECTOR O
LUERE CAN LE REFEATED

R

i .

i
[—



INFOD=INFOEY OR 10
Do =1 TO Ses
CALL TIMICIe)s
END
THFD(Z = INFOCZY AND O0FHs
ENDS /#0013 Iw/
L ADD=GAr MOD 2563
HoADD=0AF /258
N_VERIFY=FALSE
INFOCS =50
MES R
THFOUZ = 3@ v o ANDS
CALL ONE._Z.DELY
DO 1=0 TO (SIZE-1)s/#READ VERIFVe/
L..ADD=  ADD+13
IF L.ADD=2%4 THEN
Loy
THFOCZ = INFOC2T+1 s
L LADT=03
|5 L]
INFOUR Y=L O LADD S
RESE]
FEAD=IMNFGCL Y
TF READ D LEARNOT Y THIN
NLVERTFY=TRUES
CRLy /%0 T/
ZRINGERT MARKER OOH AND VERIFY#/
IF RNVERTFY=FALLE THEN

nos
THFGC =080




=0AF MOD 2543

RIS ol gnet e

INFIX(2) HHOADRDS .
CALL TIMECIS2 s /2 ZETTLE +25Vx/
INFOOOy =L Al

Wl

INFOCL =001

RS

TRPQCZ = IHFOCTS OR 18

Dl =1 TO Ses

CALL TIMEGI)

END3

INFOCE = THFOCE) AND OEFHS
J=iy

NG =0y

J=13

THFDOZD = INFOCZ) ARD 7'
CALL ONE_Z. DELS

Al @t THEN
NoVERTEY=TRULS

ENRD /w [F s

Gap=ron i Te7+ 13

GalE =@, VPP=9Y s A1o=AY=hR=Gne/

THEFGLZ =300
EPROI

ENMDO PF

THE VALID DATA TTORAGE MARKER “oeil’y THEN LOANE
CE WIRING POTTURN DATA INTO THE LOARN ARRAY*/

O DR ETEY FH




TRFGC
J=iy
THIFOCZ ) =00ty
CALL ORE S DELS
Mo AlT=0s
L ADD-a
YEAD= T
UNTE0 =93
Do WHILE (COUNESS =070 MO ORCADC G2
INFOCEY =1 ADDS
e
THFG) =L OW L ADDD 3
NES§1
READsTHNEQOL )
L_AlDs=l _ADD+ 1S
IF LoAND=2%s THIN
Liss
HM_AND=H L ALD L
L ADD=as
TINLg
COUMT$G=COUNTEG+ 13
ERNDs /ol WHILE */
/4AT FIRET TION OF VALTD DATA=/
Do T=g 0 CLIZE- 103
INFOCT=LOW L _ADD S

WJa g
INFOCZ = ARDS
BES )

LEARNCI = ThNFGCL TS

U ‘_& »‘ —



Lo.ADD=L _A0D+{s

IF L_ADD=2%4 THEN

i3
Ho ALL=H_&0D+ ]
L ADD- Gy
ErLs

3

RCPSINGLLE TOGGLES THE SDRIA -TO-PARA DL

CR$INSCLK
FROCELAITE 5
F1=1%5H3
i=fy AND OUFHS
FPORT _Ge=FORrT. 0 OR
P i=ponT G
Pl=P1 OF 10H3
RS B3 SR
Fl=F1 AKND SCFHS

Gl

ORET_G=MORT. b ARD &I CHS

) s
ST C5 WG AR R H 1
Fi=15HY
Fl=Py AND TR
PORT 1
P sPoRT
Fl=F1 OF toth
Fr CPSTHSCLES

R LG OR 01

SHIFT ROGISTER

CLOTH Gw/




Je APPOINIT INITIALISES THO GO-NOGO MEASUREMENTY CARDy THIN CSEVZ-UP THE

FIRST TEST-BIT CENERATION NODE AT THE NODE | PORT LOCATIONS®/
ACP_INIT: .
FROCEDURE
DO COlUMT=1 TO 31703
CALL CFSINSOLES
DS
/aaLL TUTPUTS OF OS5 HIGHS/
JaPULL BORCIN HIGHR/
Pi=155
Fl=F1 AND OCrHS
PORT.G=FORT G ARD @F B
F1=PORT_G1
Plepl 0 10
CALL TR INSCLIS
JREULL GER-IN LOtiw/
Fl=15y
F1=Pl AND GOFHS
FORT_G=FURT.G OR 04+
PL=PORT Gy
Fl=F1 Ok 1OHS
R AR TNITS

o GOSMOGOSTEST DEVERHMINES THE WIRING OONFIGUEATION OF THL LODM
CURPERNTLY INTERFALED TO THE TESTER. DATA IN THE FORM O NODE
ARE STORED I THE "CURRCNT ARREAVE/
CHIERNOCOE TES T .
PROCETEY
WNODEENCE= s JRTEST NODE POITHTER=/

NUMBERS




COUNTS 403

TF CUR_FLAG=TRLE THIN

Ll

DO CORT=¢ TO (SIIF-10s

CURRENT (COUNT)

TN
END

ELGE
i

H

OO COtiT=8 To (3128 10
LEARNCDOINO) 293

EHD3
ENDIS

DO WHELE (RODESND =0T 26 0y

7 #DELAY

T n

oo COUNT=1 TO 1003
DUMMY =DLMMY  OR oLl

ENLG

Z¥LOAD PATTERN INTO OUTPUT BEGISTEDRS VIA P/
Fl=15Hs

“lefl ARD 0L

Pl=f1

GRT NP ORTOG AND SF T
swPORT G

OfF Loty

=19
Fl=Fy AMD LR

FORT

F =

=0T G D el

T

=Py Gt 1 oM

Plelt

4]

/L EARNSARRAY FOINTER=/

INTER TRARSMITCION LINE DFFECTS#/

s

il



oo LU o B - W |

Fi=P1 AND OLFHS
G OR TG AaND o THS
ORT .03
Fl=f1 OR 1OHS
COUNTSI- 18 Z#GHORTED NODES POINTERR®/
COUNT$2=03
SR 1 COUINT S
=1 TGO ST ZE
Call TIMD(1oss
SER_GHT  THEN

LasUOUNTST MLD 505

CHECE=COUNTS L MOL
MLILT AT S /788
1F Ct =9 THEN
FEAL_NODE= COPULT RS #10 « 0 COMUL T+ 1) e ~COUNTS 1) 3
ELSE

FEALLNOTEs COUMUL T+ 00 ~COUNT S - COMUL TR ¢ %
IF (CHECK.LI=4%) OR (CHECK.L1=9) THEN
FEALNODE=COUINTS1 3
IF COLNTSZ C=030H THEN
T3y
LEOFNIDATA CCOUNT S =RIAL . NODE !
COUNTSZ=0 TUNTSZ4 13
| S
[ HE]
JHTOGGLE O -0UT e/
F1=15H3
Py AND GEFHS

zjadal




GsPORT G Ok G2
ORT..GS

Pr=p1 OR 1aH:
=154y

e

4 bt
COmmTss: COVNTEl v
Enlie

M e G INT B0
TF pMaRi L oseaRl 2 THEN
jeiati

Tl GOl

TO (MAk

CAES S

D TR OCOUT S0 8
Ll TO TMAR -1

jE Nt

HIG. CAHPTRTLOT Y 1
LA CENT Y

EHLs

N

L THEON

LA DARNSDAT A CCUNT » THON

TL I COUNTEAy D LGN




FLOE
LEARK(COUNTSSI+COUNT: ) =BIGNUM:

LEARNSDATACLARGELT ¥ =¢3
ENDs
END3
COLNTE4: CNTHA+MARKS . 24
/*CHIFT TEST BIT S 1E TOOOLE CF IN#/
CALL CP®INSTLG
NODESNO=NOLESNG 13
JCHECK TF TEST NODE ALREADY EXLIST e/
IF CUR_FLAG=TRUE THEN
{20
T3 COUNT=0 TO (01Z0-103
IF CUBRENT COOUNT T =NODUERG THEN
Loy
CALL CrPINSCLES
NODE $NO=NODIEND+ 13
ENDs
ENL
£HDS
ELCE
0y
D0 COUNT=0 TO (STZE-10%
IF LEARNOOOUNT ) = NODELNG THEN
Dy
CALL CPRINSOLES
HOOTERG=NORE S0+ 1 3
Frfss
ENDs
RO




ENDOS /xD0 WHIL £/
D GOSNIGO8TOETy

/¥ SHORTOALGD COMPARES THE "LEARKN’ ARRAY DATA ROFRCSENTING THD MODEL
WIRING PATTERN WITH DATA IN THE “CURRENT’ ARRAY REFPRESENTING THE
WIRTHG CONFIGURATION OF THD LOOM UNDER VEST, ANY DIFFCRENCIS ARD
DECOLED & STORED AT SHORT-CIRCIUT NODE NUMBERDS IN THE “OHORT ARFAY#/

SHADRT LALGO:

PROCEDURE ¢

WG l7E -1

COUNTEE O3

Do WHILE v

CURREMT S

=i

IF CuRs THON

Did J=i TO (SIZE 133
IF LEARNGO =CLUERRENT L) THEN
jeint
LEARMEITON =03
Lo by
ENDS
BN
Dy WHILCCLEARN LY SLEARNOL -1y ARD (Lo

LEGPHSSTART =13
I WHILE CCURRONT O SOURRENT (-1 ARD (17200

AR 2

R




-

i

I=1-1%
EHLs
CLRRENTS3TART =14
T COUN C=CURRINTSSTART T4 CURRENTSSTON 3
CHECH=Fnl SE$
DO COUNTSS=LEARNSSTART TO LEARNSLETORS
IF CURRENT (CCOUNT ) = LEARN CCOUNT$53) THEN
CHECH=TRULS
ERDS

[ I.’fl", $8=COLNTES+ 1 s
(SR o]

END
IF CURRINTSITANT=9 THIN

DACUNREHT RETART -1y
ENDY /#1F Diie/
CLOE E=1~13
ENDY /%[00 WHILE®/
TF COUNTS% ¢ THIIN
1 Q= TRUE
FRO SHODT AL GOS

S OPTHLALGO DIEPARDS THE LCaRid ARRAY DATA REFRESENTING THE MODEL
OATA TN THE CCLERENT’ ARRAY REPRECSENTING

WIETHNG FATTERKN WITH THE

e il

P e N S |



THE WIFING PATTREN OF THE CURRTNT LOOM UNDER TEST. ANV DIFFE

ARE DECORED & STORED AT OPEN-CIRCUIT NODE NUMDERS

OMEN_ALGOS
PROCETURES
COUNT $ &3

IF LEARNGH=MURRENTCIY THEN
Filsy
LEARHS T TR =. 1
L=
ENDs
EMDS
IF LEARHUCL# L SLEARNILY THEN
Lo
LEARNZOTART=] ¢
DO WHILE COLEARRN L) CLEARRNL-1)) AND
Lzl ~14
LEARIBSTAR T =13

1
SREENT O CHRRENT (T 1)

Lot COMR =L EARNSS ART TH LEARKSLTON
CHECH =F 6L 5E T

IN THEOFEN'

PENCES

ARRAY # /

AND (T
s
i, sy - i, .




D COUNTEE = CURRENTSSTALT TO CURRENTSSTORS

IF LEARN(COUNT )y =CURRENT CLGUNT 33D
CHEOI=TRUD:

THEN

ENDs
IF NOTCRODLEAN CCHETKDY ) THEN
Los

COFERICOUNT S =L EARNILEARNTETOR ) 3
CUMT 36=C0UNT S+ 1
CENCCIONT 34 =L EARN (V0L
COUNT$&=C0UNTSO+ 1
R
ENTIS
[ EH
ENDY
IF COUNTZE»0 THIN
FED=TRUES
EHL OFENOALGDS

ZRHAIN INITIALISATION OF VARINABLEN#/
IHIT: 77U ALL LEDS QOFFw/
Pl=17Hs
Fi=R1 AND OTFHS
Fl1=07H3
Pl=pr1 OF 1ol
CAP=@3
TNFOCEy =020
J=1g
THIFOCZ 1 =100
LU LG alLsEs

e

P




58 S B2 AT

Fl=Pl AND GEFHS
=g 73

Pl=1 Ok 1O
FORT.G=0TH
PORT 258
ToOnN=aAd 1y

TGO 2O

GUON- 4D 1%
/% MAIN PROGEAM LOOTe/

LOE™
fut For

TALL
CALL
Tl
AL S EN
IF (PROG=G7H, AND (LDLFL G=TRUD
Diis
CRLL BROIDLOFF
CALL CREENLIZEFS
ALY SLLOW ONS

LEPROMS
IFY=aLSE THLH

O REDL NS
LOTLY O LT
ENDs

THITH




T o,

IF L OAU=OEN THeN
j e

CALL REDUOFF
CALL GRELEN.OFTS
SALL YELLOW_ON
CHALL APTLINITS
CALL COENGOOSTETT
G 1=0 TO LADT
SRUF=N DATACD
Césdl. DELS
Cal b DEC L1y
s 1191
COLNT =03
Tety
OGO WHILD 17031768 -10
IF LEARNCIILEARNCTS LY THEN
TN
TP COUNT=@ THEN
CTRR=T
COUNT= 1Y
I=I+13 |
[ SHE]
TE LPARMOTY SLEARNC YT+ 1) AND CODUNT=1)  THEN
f N
FIMI=11
CALL LPRITES




OGO I=0TAK TO IR
HEC NO=LEARNCT )
AL ADTLRNGS
OO R 10 13
SHUF=A_RNO O
CALL DELS
CALL DEL_13
ENDS
SR =2
CHALL DELS
CALL DEL s
END3
SELIFE=00HY
AL DELS
ALl DEL LS
COLINT =03
EHUY
TE (LEAGIT O ERRcT+ 1))
I=1+1%
PO /D WHILE»/
CALL YELLOW_OFF

EHDs
IF TEST-0BN THEN
jRiRE]
TR LFL A= TRUCS
CAall R IO
Dl L GRIEMLOMF
CALL YED LOW . ONG

FED=FaL
CALL EPROM LOAT

AND

COOEINT =)

THiE

13




CALY. APPLOTHNITS
CALL DOSNGLRTESTS
Dy COUN-@ TO (GI1ZE-10s
WIRT COLINT ) <@y
CUFFENICHINT 1=y
END3
Cawl oD
CALL DHG
DO 1= 7O LAST U DATAY S
SEUF =% DATACT) S
CALL DE S
CALL DEL .13

EHL
CHLL ME
IF COUNTSSG THEN
L
CaLl. (AT

HED NG COONTE5 /20
CALL ASL_NOG

DO E=6 TO 13

[Ty NGk S

CaLL DELSY

CALL DEL. 13
R MHEE

CALL FALLTS
ENDs

Sy
T=@ TO LATT O DATAN S
TR0 DATACLY

AG_OUT CUZHONT LATT COHONT 0




i

A

CALL DEL:
CALL DEL .13
END3
CalLL MESSAL OUT O OPEHs LAST UONENY ) Y
IF COUNTEE9 THEN
iy
CALL. =PACES
!'4)‘;'6‘?.{::; COENTSE/ 203
CALL ASCUNGS
DO KE=0 TO 13
SEUF =A NS Y
il TELS
CALL DEL.13
ENDs
CALL FAULT:
[A2HE]
ELSE
CALL PO
CALL YELLOW_DFS
TF RUO=TEUE THeN
CALL REDLON:

[ e

£1

&

CALL OREEN. (M3

L el
TF S TECT =0l THEN
[

CabL RIDL
CALL DREEN.OFTS
CALL YRLLOW, Ons
FED=FALLES




LRTFLAGE TRUC
Lo I=0 TO (SIZE-19%
S EARNCT ) =0HI_SHORT (13
SHORT (1) =03
END3
CALL APP_INITS
CALL GUOSNIGIFTESTS
CALL SHORT.ALGOS
b I=@ TO LASTCS_DATADYS
SEUF=L_ DATACI S
CaLL LELS
CALL LEL .13
EMDs

CfL L SLOTEST . S
CALL YELLOW 0N

FRIEN S B R I 24
CALL TIME(IGG)S

Fries

CALL YELLOW GFFs

Loy =1 T 1
CALL TIMECIGI

ERLY

END

R

.




L ST — )

L L YEL LGN NS
L Te@ TO (SIZE-103%
LEARRC T =CHOQUOrEN(T 23
CPENCT ) w03
(MR
CALL APF_INITS
Call GORNOGHSTEST
chlL GPEN.ALCOS
I 1= TO LAST (O DATAYS
=0 BATACT Y
CALL TEL3
CALL DELL.LS
S ) o]
CALL ML SEAGOUT O OPEN LAST COMENY 0y
CalL YELLOW.CFFS
IF FOD=TEROD THER
CALL RED_ONS
FLGE
CALL GEEEN_OMS
TR
ENDS /wFOREVER %/
gl STANTS

o
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ILLUSTRATION OF PRUTOTYPE LOOM TESTER
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