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ABSTRACT

EFFECTS OF SPL DOMAIN ENGINEERING
ON TESTING COST AND MAINTAINABILITY

Senbayrak, Ziya
M.S., Department of Electrical and Electronics Engineering
Supervisor: Prof. Dr. Semih Bilgen

January 2013, 80 pages

A software product line (SPL) consists of a set of software-intensive systems sharing a common,
managed set of features that satisfy the specific needs of a particular market segment or mission
and that are developed from a common set of core assets in a prescribed way. Together with testing
of final deliverable products developed within the SPL, called Integration Testing, particularly
important in this context is the way individual hardware as well as software components in an SPL
are tested and certified for usage within the SPL. This study investigates specific approaches and
techniques proposed in the literature for unit testing in the SPL context. Problems inherent to this
issue were studied and possible solutions aiming towards systematic and effective testing of
hardware as well as software units in SPLs have been proposed. The specific problems of SPL
testing in ASELSAN were investigated in the light of these possible solutions and their
applicability as well as their benefits were quantitatively assessed.

Keywords: Software Product Lines, Board Test, Domain Engineering



0z

YAZILIM URUN HATLARI ALAN MUHENDISLIGININ
TEST MALIYET VE IDAMESI UZERINDEK{ ETKILERI

Senbayrak, Ziya
Yiiksek Lisans, Elektrik Elektronik Mithendisligi Bolimii
Tez Yoneticisi: Prof. Dr. Semih Bilgen

Ocak 2013,80 sayfa

Yazilim Uriin Hatt1 (SPL), belirli bir pazar kesiminin veya hedefinin 6zel ihtiyaglarim karsilayan,
ortak bir kontrollii 6zellik kiimesini paylasan, tanimli bir yolla ortak bir ¢ekirdek yapi iizerine
kurulmus yazilim yogunluklu sistemler dizisidir. SPL iginde {iretilen son teslimat iiriinlerinin test
edilmesi sirasinda, Tutarlilik Testi ile birlikte, dnemli olan SPL i¢indeki 6zgiin yazilim ve donanim
bilesenlerinin test edilmesi ve SPL i¢inde kullanilabilmeleri i¢in onaylanmalaridir. Bu ¢aligmada,
SPL deki yazilim ve donanim birimlerinin testleri icin literatiirde Onerilen yaklasim ve teknikler
incelenmistir. Bu konuya 6zgii problemler iizerinde ¢alisilip, sistematik ve etkili birim testlerini
hedefleyen olasi ¢oziimler 6nerilmistir. ASELSAN 6zelinde birim testlerinde gozlemlenen sorunlar
baglaminda bu ¢o6ziimlerin uygulanabilirlikleri incelenerek, yararlari sayisal bicimde
degerlendirilmistir.

Anahtar Kelimeler: Yazilim Uriin Hatt1, Kart Test, Alan Miihendisligi
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CHAPTER 1

INTRODUCTION

In software product lines (SPL), all efforts are basically grouped in two different but related areas
which are domain engineering and application engineering. In domain engineering, focus is
basically on the core assets of the product line, which will be used for all products of this family.
On the other hand, in application engineering a specific product takes all attention.

While testing a SPL, test plan and test cases should also obey this organization which means there
should be some test cases which only focus on the core assets of the SPL and applied to them. In
addition to these test cases, there should be some product specific test cases which try to discover
any problem in a specific product. [2]

In general, in order to test hardware, a test setup including both hardware and software part is
designed. Making a specific setup for every product increases testing costs dramatically and once
the production of a specific product is over; easy reuse of that hardware is nearly impossible
without a serious effort to adapt it to the new product. In order to overcome this problem and build
economically efficient test setups, modular testing equipment is preferred. Such modular testing
equipment is designed with reuse in mind, and they allow testing more than one kind of product
with small adjustments. They increase the initial cost of the system whereas significant reduction of
test cost per product become possible, when reuse of the system hardware for different products is
taken into account. [7]

The present study aims to increase efficiency of hardware testing in an economic manner, by
applying SPL methods to the hardware testing area. In other words, while attempting to implement
SPL techniques in hardware engineering in general, illustrating the effectiveness of borrowing
relevant solutions from the realm of SPL to hardware product lines in the context of system testing
constitutes the main aim of this study.

Within the context of this study, in the domain engineering phase, possible hardware requirements
of the products which are produced by the facility were considered and commonalities were
detected. By using these commonalities an Automatic Test Equipment (ATE) for this product
family was designed. This ATE constitutes a common interface to connect a product specific
hardware adaptor.

In the application engineering phase, product specific requirements were considered and the
required adaptor which is used to connect hardware to the family specific ATE, was designed. This
method decreased the cost of test setups dramatically since all setups share same resources on the
family ATE. Some scheduling problems can be encountered as a result of one ATE for the whole
family but that can be solved by duplicating the ATE.



ASELSAN produces electronic equipment for air, marine and land combat/defense vehicles. As an
expected result of being a defense company ASELSAN does not mass produce. And also it has a
very large number of R&D projects some of which are not going to be produced in future.

Under this condition product specific investment on testing equipment would become infeasible
within a few years. When costs of testing hardware and the burden of importing this equipment
from other countries are considered, the need for reusable hardware testing equipment becomes
clear especially for the national defense industry.

After careful domain engineering, a general purpose ATE were designed. And this automation and
standardization of testing decreased the documentation time because technicians apply only the
standard procedure to start the test of the electronic board, rest of the product specific actions are
held by the ATE automatically by using product specific test software which was developed by
engineers.

ATE was not only bring reusability to the testing hardware but also make hardware testing more
efficient.Efficiency of the automatic test setup can be measured in terms of engineering
development time, technician’s application time, testing time, total investment cost, initial setup
time, mechanical design and implementation costs. [8]

Implementation of proposed ATE system was held by ASELSAN test design team where the
author is one of the members. Above mentioned metrics are recorded for both automatic and
manual test systems by the author specifically for this study. Recorded metrics were analyzed and
compared in the scope of this study to clarify the strong and weak points of the proposed solution.

The rest of this document is structured as follows: in chapter 2, a review of the literature on SPL
and on hardware testing is presented. Chapter 3 presents the hardware testing problem in
ASELSAN, and the approach for applying techniques borrowed from SPL on these problems to
decrease costs while increasing efficiency and testing quality. Chapter 4 explains the
implementation of the proposed solution in detail and gives information about the final
implemented system. Chapter 5 discusses the concrete gains derived from applying the proposed
solution, in terms of the measurements obtained from earlier projects and those in which the
proposed approach has been applied. The last chapter concludes the study by outlining the
achievements, overviewing the shortcomings, limitations and suggesting directions for future work.



CHAPTER 2

LITERATURE REVIEW

2.1  Software Product Line

Software has become the key element of everyday life in the last two decades. It has been used
nearly everywhere from supermarket checkouts to the pay system of public transportation. IEEE
Standard definition for software [1] is;

Software: Computer programs, procedures, and possibly associated documentation and data
pertaining to the operation of a computer system.

Computer program: A combination of computer instructions and data definitions that en-able
computer hardware to perform computational or control functions.

Software technology has difficulties which make it impossible to increase not only the productivity
of the development process but also performance of the final software in the order of magnitudes.

These difficulties are grouped in two different categories by Brooks. First one is the Essential
difficulties and it contains the problems which are the consequences of the software’s nature. [6]

Essential difficulties are [6];

Complexity: Software systems have enormous number of states which makes it impossible to
define, review, test and visualize each of the states individually. Every state describes a unique
input combination for the software system that is why using simplified models to solve the
problems is not applicable for this case.

Conformity: Software systems are used in nearly every industry with every possible interface and
the common expectations from these systems is to successfully conform to the required interfaces.

Changeability: After software systems are finalized at a point in time modification requests start
not only to use the software on a different domain that it is not designed for, but also to overcome
the replacement problems of wore out/obsolete hardware systems that software system works
together. Both of these cases mean major extensions/modifications on the functions. Therefore,
software systems should embrace the change in every possible environmental variable to maximize
the ease of maintainability of the system.

Invisibility: Hierarchical diagrams are inadequate to create a complete visualization of the software
systems’ interior architecture. This hinders not only developers’ understanding about the concept of
the system but also communication among the designers and customers.



Second category is Accidental Difficulties which are the difficulties caused by programmers’
mistake or development tools inadequacy. Problems of this category can be solved by using proper
methods. Examples of problems solved in the last five decades are;

e Mistakenly written machine level codes related problems were solved by using high level
languages which brought simplicity to the coding activities.

e Problems related to having limited time for debugging period were solved by using time
shared computers which increase the productivity of the programmers.

e Using Unified development environments attacks to the problem caused by using numbers
of small individual programs together, and solves it by providing libraries.

Comprehensive software design and elaborate implementation of this design can prevent the
software system from Accidental Difficulties. However, there is no method to overcome the
Essential Difficulties.

Despite having no solution to this Essential Difficulties, cost of these problems to the products can
be minimized by maximizing the reuse of the design assets and implemented code wherever
possible.

Wegner [9] states that software industry has much more Essential Difficulties than any other known
industries. This is why software industry should find a way to overcome the cost of these inevitable
problems and proposed method for the cost minimization is the enhancing reuse whenever possible.

What is Reuse?

In “Ad hoc reuse” approach, anything written by developers (module, objects, etc. ) are collected
under a company reuse library and when a new project is started developers are forced to use the
pieces in that library. While developers first built that pieces “reuse” was not in their mind as a
result of that using these code pieces and modifying them often take more time than building new
ones from scratch . [19]

In contrast to the “Ad hoc reuse” attitude, “systematic reuse” methods are high order, planned and
managed reuse actions not only on the technical sides but also on the nontechnical (documentation,
organization, etc.) sides. From the beginning the costly parts of the projects (domain models, test
cases, etc.) are planned and designed to reuse in other systems. [20]

Another traditional reuse attitude is “clone and own” method. At the beginning of the new project,
developers barrow whatever they can from previous similar projects and modify these according to
the new requirements. It definitely gives some economical advantages to the company but at the
end of the day, the company will have two entirely different systems which means two different
maintenance procedure and effort will be held by the company. [20]

Three different reuse methodologies are described and analyzed above. Un-planned nature of ‘ad
hoc reuse’ and difficulties faced in the modification steps of “clone and own” method clearly put
“systematic reuse” one step forward.

“Systematic reuse” methodologies can be effectively applied on product families rather than
unrelated individual products. Parnas defines product families as the set of software programs that
shares common properties as much as possible and differentiate from each other by some
individual properties. According to Parnas, design and development actions of the software product
families should be planned to complete properties that are shared by all the family first .After
completion of the common structure , design and development actions can be dedicated to the
special properties of the individual products.[10]



Defining a software family also means defining a domain that all possibilities will be covered by
designed products. And a software component which is developed for a defined domain can be
systematically reused by any other software belongs to that domain.

Defining a product family and a domain then building a structure to develop this family is called as
product line (PL) and specifically software product line (SPL) in software engineering literature.

Designing and implementing a SPL cost much higher than developing a single product. In
industries which produce physical goods this establishing cost of the PL is spread through the
individual products and mass production of the designed goods solve this economical problem. But
this is not applicable in software industry.

There are mainly two different approaches used in the industries for the economical projections and
plans, namely Economy of Scale and Economy of Scope. [5]

Economy of Scale approach is based on the mass production idea which means producing and
selling enormous numbers of the same design. By increasing the number of sold product and
decreasing the production cost, high development and design costs can be added to the price of the
individual products without affecting the price strategy on the market.

Economy of Scope approach focuses on the cases where there are multiple product designs but they
all have some distinct properties. In this economic model high design and development cost is
shared by these different product designs.

In the software industry production costs can be neglected compared to the design and development
costs of the systems. Therefore in the industry Economy of Scope approach is generally accepted.
Moreover, there are some software application areas where producers can sell more than one copy
of their software like word processors, in such cases Economy of Scale can also be taken into
consideration.

Generally, companies order and use the software to gain some competitive advantages which
means that it is nearly impossible for the software developer company to use same product for
another customer. However if the developer company use family of the product approach and
develop its products to maximize the reuse, it can benefit from splitting the development costs
more than one project budget as it is proposed in Economy of Scope context.

Cusumano’s [4] studies about software industry in Japan show that nearly 90 percent of the
software that is produced in a company in a year is similar to the computer programs which were
produced the previous year at that company.

Both Cusumano’s study and Economy of Scope approach which was mentioned above, direct the
software development industry to be more reuse oriented and systematic.

PL approach, which is supported by Parnas’ theory mentioned above, is the key architecture for
systematic reuse and it will be discussed in detail later.

SPL is defined [3] as “set of software-intensive systems sharing a common, managed set of
features that satisfy the specific needs of a particular market segment or mission and that are
developed from a common set of core assets in a prescribed way.” By using base of common
assets, producing a new software system just becomes integration of modules rather than creation
(programming).

Non-technical parts of the projects have bigger problems than the technical parts in terms of reuse.
Only developing some piece of reusable code library will not solve the reuse problem without an
organizational support and defined methodical process for design and construction phases.



By getting similar final products in terms of core assets not by chance but by careful planning gives
the company strategic strength and economic advances. These are;

e Improved time to market as a result of increasing productivity.

e Increased personnel mobility as a result of commonality between the products of the
company.

e Skillful developer teams as a result of having more time to learn and adopt new
technologies to the company’s know-how.

Beyond these benefits, usage of the SPL methodologies increases the complexities of the project’s
phases and required effort for completion.

e  Specifying requirements not for one system but for a PL requires more time and complex
analysis.

e Considering more than one system and their variation points at the architectural design
phase requires more talented system architects and complex analysis.

e Inserting built-in variation points to the software components to be used in different
members of the family brings extra effort on algorithm development and debugging
phases.

e Creating test cases and scripts for more than one product by taking the variation points into
consideration requires complicated analysis.

These extra efforts and costs become meaningful via systematic reuse when they are shared by the
product family members. This is the key point for successful SPL implementation.

“Bottom-up” and “top to bottom” are two distinct implementation strategies of the SPL. At the
“top to bottom” method, final products of the PL are designed and developed. After finalizing the
products, core assets are extracted from these final products. “Top to bottom” SPL implementation
strategy does not have any phase for taking the future product family members into consideration at
the designs which clearly place this strategy to the neighborhood of the ad hoc reuse
methodologies.[3]

“Bottom-up” methodology dictates to develop core assets from scratch and after completion of this
development phase, new products are built by using these assets. This methodology considers all
possible new products of the company at the core asset development’s design phase. [3]

In SPL projects there are two kinds of engineering activities; actions related to core asset planning,
designing and developing is called as Domain Engineering. And the actions related to an individual
product development are called as Application Engineering.

2.1.1 Domain Engineering

Domain engineer has ‘Product Constraints’, ‘Production Constraints’, ‘Production Strategy’ and
‘Pre Existing Assets Info’ at the beginning of the domain analysis step, which contains information
about commonalities of the product family, expected future technological developments, quality
requirements, required standards, production agenda and desired assembling strategy of line
members.[5]



‘Software Product Line Scope’, ‘Core Assets’ and ‘Production Plan’ are the three outcomes of the
domain engineering phase [3]:

SPL scope defines the specifications of the products that can be produced by this PL; in other
words it defines the capabilities of the PL.

PL scoping is the key phase of domain engineering activities for the success of the SPL
methodology. Having an unnecessarily large PL scope, i.e. increasing variant and decision points in
core assets to enlarge family variety, results in unmaintainable and error prone components. On the
other side, if a narrow product line scope is chosen, developed core assets will not be generic
enough to support future growth of the product line. Furthermore, after a period of time core assets
will become useless for newly developed products which implicitly means that turning back the
investments of the company to the core assets will not be possible.

In order to have a right PL scope, domain experts must do the scoping by using knowledge about
the business, market competition, available technologies, business goals of the firm, and the
capabilities of developer teams.

Scoping is also an iterative action which means that after constructing product line accordingly
decided product line scope; scope will not remain static for life time of the PL. It will evolve
continuously in order to keep itself updated as a result of changing market conditions and
technological developments.

Core Assets are the fundamental ingredients of the production activity on the PL, which are consist
of every reusable software components, documents, designs.

Carefully analyzed and designed component architectures result in a common architecture at all PL
members and this ensures the economic advantages by not only reducing design, test and
maintenance costs of the new products, but also increasing safety and reliability of the PL
members.

SPL architecture, i.e. skeleton of every PL member, is emerged by these engineered components
therefore the designer should have experience on designing complex system architectures and has
profound knowledge about not only the scope of the SPL but also available technologies on the
market. Insufficient or careless design of the PL architecture will definitely results in the collapse
of the whole PL system both in technical and economical meanings.

Production Plan defines how to use core assets to build specific products on product line and
which methods should be used to set variation points of the software components to get specific
product.



2.1.2 Application Engineering

Relationship between the general product line and specific products is shown in Figure 2.1.

PL
Architecture

Parameter
Values

Product
Type

\

\ \ \
{ Product A { Product B (ProductC) ( >

Figure 2.1-Creating product from product line

( All material presented in photographs, figures, tables, etc. are original, unless explicitly stated
and referenced otherwise)

As described in the beginning of this section application engineering covers all the activities in
designing and producing specific member of the product family.

Application Engineering activities basically use product requirements and outputs of the Domain
engineering phase. Product requirements, which are the key inputs of application engineering
activities, are generally consist of technical specifications of the specific family member.

In Application Engineering phase main purpose is to analyze above mentioned inputs, decide
which core assets will be used and what additional components will be developed for these specific
products. Also, pre-defined variation /decision points of the core assets are decided and set inside
the Application Engineering activity scope by considering product requirements.

Main focus of the all Application Engineering phase is to maximize core asset usage as much as
requirements and standards permit. [5]

As a consequence of the iterative nature of the SPL methodology, if necessary some actions can be
taken to update some core assets in this phase and new version of update core assets can be used
when they are finalized.



2.2 Board Testing

General flow of the electronic hardware tests are showed as in Figure 2.2.
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Figure 2.2- Electronic Hardware Test Flow

The present study will just focus on the board test level of these testing activities. Integration
testing and System Acceptance tests are out of the scope of this study.

In [14], the main purpose of board testing is summarized as;
e To confirm that each component performs its required function;
e To confirm that the components are interconnected in the correct manner; and

e To confirm that the components in the product interact correctly and that the product
performs its intended function.

Board testing was started as a manual process, where experienced technicians use some probes,
multimeters and detailed testing procedure to verify the given board.

In the manual probing of circuit card process, technician uses reference documents to find the
probing location when the probing steps of the testing procedure order to do. After placing probe in
to the place found from reference document, technician will hold probe until required time elapsed
to apply/measure desired signal. Testing logic and strategy of this manual process ignores the
possibility that technician can touch on the unintended location, or does not apply sufficient
pressure to have proper contact or leaves probing before measurements are done.

Trust in the operator is the essential property of every manual process which clearly makes manual
testing methodology an error prone system which can easily give erroneous decisions about
components or boards. In best scenario this wrong decision will cause the re-testing of the board
and wasting operator time and decreasing test equipment throughput.

Also it is definite that using reference documents to find each probing locations, placing probes,
and taking measurements one by one enormously increase testing time of the board.

The demand for electronic boards increased drastically, after chips were getting cheaper and
capacity of the boards increased exponentially. As a result of this, manufacturing industry started to
complain and blame manual testing as being slow, error prone, and being over cost.



2.2.1 InCircuit Testing

In circuit test (ICT) methodology extends the coverage of the manual testing and also decrease
design and application time of the tests. Moreover, it is a white box testing approach, which means
not only the functions of the unit under test (UUT) but also internal structures of the unit are tested
in this methodology. [13]

The main aim of the manufacturing industry is to obtain good boards in an economical manner.
According to the analysis made on the manufacturing data, high volume of the problem is caused
by poor workmanship which results in improperly oriented or bad soldered components. [12]

In ICT methodology, designer uses board topology and component part list to decide the location of
probes which will be used to apply signals and measure the responses. Probes are placed on a test
fixture which is called as bed of nails.

Example of a conducting probe is showed in Figure 2.3. A standard bed of nail includes tens of
these probes on it to take required measurements as seen in Figure 2.4.

Figure 2.4-Example of Bed of Nails

10



Conducting probes of ICT test fixture is used to detect opens and shorts at the circuitry as well as
missing, wrong or improperly oriented components. As a philosophy ICT tests generally do not
have any good or bad assumptions about components until it is tested.

Compared to the manual test technics, ICT drastically decreases testing time, increases ease of
operation and maintenance. [12]

Above mentioned properties of the ICT, makes it desirable testing technique for decades, but as
consequences of changing board topologies and architectures, this technique became insufficient to
fulfill required testing coverage.

Two of these problems which make conventional ICT less desirable are listed below;

e Increased board sizes and crowded part lists start to make impossible to probe every
required point on the board one by one using pins and increase required designing time
of the tests. In the industry, robotic probes are proposed to solve this problem.

Basically, a couple of programmable robot arms will do the same thing with static probes which are
continuously contacting the pre-defined location.
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Figure 2.5-Moving robotic probes

This proposed probing technique brings a new problem with itself which is having no control on
the applied force to the component and solder joint. This incapability of controlling the applied
force can give harm to the board and component surfaces.

In order to overcome above mentioned problem, advanced robotic systems are designed whose
general name is flying probe. [23]

Details of flying probe machines and information about their design will not be given in this study.
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Rapid development of the semiconductor industry results in smaller and much more complex
components. Some of these complex components like FPGAs (Field Programmable Gate Arrays)
have hundreds of pins on it. In addition to being out numbered it is harder to test this pins because
they are not basic resistors where you can apply a signal and wait a linear response.

Also these hundreds of pins are so close to each other which make impossible to use the new
invented flying probe techniques.

Applying functional tests is the trivial solution of this problem but industry pioneers have proposed
a new method to overcome the testing problem of complex semiconductors, which is named
boundary scan testing.

2.2.2 Boundary Scan Testing

Boundary Scan Testing technique is proposed to solve the problems emerged after surface mount,
miniaturized components, multi-chip modules, and complex, application specific integrated
circuits’ introduction in the industry. Technique claims to extend the testing coverage on the boards
by replacing ICT techniques’ component direct contact principle with a newly proposed testing
architecture, which mainly removes the physical barrier introduced by the limited access to the test
points. [15]

Boundary Scan architecture is designed and proposed by the Joint Test Action Group and IEEE has
standardized this architecture [14]. Actually boundary scan technique is a collective method where
integrated circuit manufacturers must apply architecture to their ICs, board designers must consider
this architecture while constructing the topology and test designers must use the given topology and
described methods to increase coverage.

Integrated circuits are called boundary scan compatible (or IEEE 1149.1 compatible) if the required
integral architecture is implemented by the manufacturer of the chip. [14]

IEEE 1149.1 compatible ICs are designed and manufactured as having shift registers between each
device pin and internal logic of the chip. A reference model for the defined architecture of IEEE
1149.1 is shown in Figure 2.6.

Standard definitions of the major concepts of the boundary scan architecture can be found in [14].
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Figure 2.6-Simplified IEEE 1149.1 Compatible I1C internal Structure [14]

Each shift register of this topology is called a boundary scan cell and these cells give the ability to
monitor inputs and control outputs of the every pin on the chip. Connection of these individual cells
together constructs the data register chain and is called as the boundary register.

By using data registers of the components and applying a pre-defined testing vector of the logic
values to the TDI, test coverage of board can be maximized in all boundary scan compatible

boards.

There are many discussions in the literature about test vector creation philosophy and standardized
methods but details of these discussions and patterns are not given in the scope of this study.

Although boundary scan patterns maximize test coverage ideally on a boundary scan compatible
board, in reality boards have conventional and non-boundary scan compatible components. These
mixed type boards illuminate some deficiencies of the boundary scan method which are [15]:

e Shorts on the pure nets (nets between two boundary scan compatible components) can
successfully be detected whereas shorts on the impure nets (nets between boundary scan
compatible and non-boundary scan components) can only be reported when the non-
boundary scan net is not in a high impedance state.

e Faults on pure nets can not be detected by boundary scan infrastructure if a conventional
tristate component is also connected to the nets.

e Boundary scan test methodology can not detect missing component on the board if the
component do not have any connection with boundary scan compatible ICs.
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Test designers in the industry who are responsible for deciding on the testing method and
equipment generally prefer using a combined system for tests which includes both ICT probes and
boundary scan infrastructure. By this way both listed deficiencies of ICT techniques and boundary
scan methodologies can be overcome by this mixed type device.

2.2.3 Functional Testing

Functional testing is basically simulating the working conditions of the board in terms of inputs and
measuring the outputs of the board. These measurements are compared by the expected outputs of
the boards.

Designing functional tests is a time consuming processes since it requires deep information about
the design, functionalities and requirements of the board.

In another perspective, designing functional tests is hard because it requires expert test engineers
who know the required communication protocols and available industrial equipment to simulate
required signals.

Although it is hard to establish a functional test, they are inevitable tests. Combination of ICT and
Boundary Scan test can guarantee that there is no missing components on the board and all
components have right orientation, good solder, working connections, with a very high success
rates. However the historical debate states that “having all components on the board and in the
right place does not guarantee that the board is functioning well.” [12] Therefore an additional
functional test is required to be sure whether the board is working or not. Functional testing is
important especially in defense like industries where the functions of the boards are critical and risk
of having a malfunctioned board cannot be taken.

2.3 Evaluation Metrics of Test Equipment and Methods

Test equipment cost not only significant amount of engineering effort at design phase but also large
instrumentation budgets at implementation phase. As a consequence of this great amount of
spending, the industry has tried to find a method to evaluate the final system and compare the
results with the old used system if it is possible. [8]

Every company in the industry has different priorities and benefit calculation philosophy, therefore
several evaluation metrics can be found in the usage.

In this section, evaluation metrics and their mechanisms will be explained.

e Test Equipment Setup Time: This metric measures required time to make the test
equipment ready for test. Time can be measured in minutes, seconds or hours according to
the companies or investigators choice. This metric is used at the industry to compare two
test systems in terms of the operational speed and time management. [33] [34]

e Labor Skill: The minimum skills that operator must have to use the test equipment are
used as an evaluation metric. In general, hourly wage of the operators which increase by
increasing skills, are used as a numeric comparison criteria. This metric gives a chance to
compare systems in terms of the extra training cost that they introduce to company.
[16][33]
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Test Development Time: This metric measures the required engineer time to complete
the overall test set. When the high wages of the engineers are taken in to account, this
metric could easily be used for economical comparison. On the other hand, for a company
who has market pressure on its product could use this metric to choose the quicker
solution for its testing problem. [8][31][33]

Test Coverage: The percentage of tested area on the boards in overall board topology is
used as an evaluation metric. 100% test coverage which means testing all testable areas, is
the ultimate desire of the companies but it is not realistic. Therefore test systems are
compared by using their coverage percentages to decide which is better for the company.
[32]

Test Hardware Cost: Initial capital costs of the test systems are used as an evaluation
criterion in the industry. Hardware cost includes the test resources, technicians’ man hour
to build the system and other supporting materials. Cost can be measured with the
currency decided by company, but the general attitude is using the USD in evaluations.
[81[33]

Verification and Validation Time: With this metric, test strategies and methods are
compared in terms of their verification/validation requirements for each new designed
board. For a modular system, only verified part is the board specific designed equipment
where as for the manual strategy all used components and instruments must be included in
the verification/validation process. Therefore two systems can be compered by using this
metric to compare their required time between the developments, when the development
processes are completed and test equipment is officially on the line.[31]

Fault Detection Rate: There are two different calculation methods for this metric. The
first method uses the ratio of faulty boards in total produced boards as a comparison
criterion. On the other hand, the second method uses the percentage of rejected boards at
high level tests (i.e. integration and system acceptance tests) in whole board level tested
ones. These both attitudes give different insights about testing and production processes,
the appropriate method should be chosen by company. [28][30]

Overall Operator Time: This metric compares two test systems in terms of the required
human resources for test processes. This time span starts at the moment that operator start
to make the equipment ready and ends at the moment that he/she finalize test process by
putting test equipment to the appropriate places. Spent time can be measured in minutes,
seconds or hours according to the company’s or investigator’s choice. [31][33]

Test Run Time: Measures the time spent from the moment that first case is run until the
test report is generated. Spent time can be measured in minutes, seconds or hours
according to the companies or investigators choice. This metric shows the required time
for just testing a board and gives a chance to make realistic testing plans. Two test systems
can be compared by using this metric to point out which system is quick at testing
operation.[8][21][31]
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CHAPTER 3

PROBLEM DEFINITON AND SOLUTION

Reliability is a key issue in military defense electronics industry. It is imperative in a combat
functioning equipment since no one cares about how much money would be taken from warranty
after the operation [17]. Therefore, it is important to detect the failures of the equipment correctly
and quickly, more than any other industries.

Military electronics are complex and they are also high technology devices. Therefore, the desired
coverage levels of the tests are higher than standard industry requirements; i.e. almost complete
functional coverage is mandatory. These special properties of the military electronic industry
directly affect the test design processes, designing a testing environment for these complex systems
requires plenty of engineering time and source. Both of these result in an increase in the total
testing cost of the final product.

Total numbers of the manufactured final systems are in very low volume in military electronic
industry when compared with mass production industries. Therefore, the testing cost mentioned
above will be shared by a limited number of final products, which means test development phase
becomes one of the key factors that determines the cost of the final product.

As it has been mentioned above, testing cost becomes a major element of the production budget. In
other words, to obtain cheaper final systems, companies should reduce the testing costs.

Reducing the testing cost can be achieved in two ways;

e Decreasing the scope of the tests: With this method engineering and test resource costs
can be reduced dramatically but it also means that final products lost their reliability as a
result of narrowing the fault coverage. In other words, decreasing the testing scope
introduces a tradeoff between costs and reliability, but this tradeoff is usually
unacceptable due to the special requirements of the military electronics market.

e Increasing the efficiency of the test design procedures: As mentioned above, these are
complex systems so designing similar test routines and testing devices for each system
one by one consumes too much engineering time. Making modular designs which allow
the reuse of design and other resources can increase the design efficiency and decrease
the cost of testing for the special device.

Although military electronics companies are designing devices for different operational
environments (air, marine and land), final products are similar in terms of their electronic board
topologies. The features that differentiate them from each other are generally about physical design
(aerodynamic, radar invisible, etc.) or endurance requirements.
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Designing test software, equipment, and procedures for each new system from scratch, leads to the
requirement of verification for this newly designed test components. Also, as a result of being a
new design, reliability of these components are not very high when compared with the pre- tested
and used designs.

Having modular test equipment and software designs, which can be used for different products of
the company, not only decreases the cumulative cost of developing tests for more than one system,
but it also increases the reliability of the tests by verifying them again and again on different
systems.

It is clearly shown in [18] that automatic test equipment (ATE) increases the efficiency of the
testing procedure and decreases the total testing costs. Also, [22] proposes that ATEs can fullfill the
requirements which are being fast, cheap, automatic and able to be used by unskilled labor force,
for testing.

By using ATEs [18] it has been shown that:

e Required skill level expectancy from test operators can be decreased which means low
waged, low experienced operators can be hired to apply test procedures.

e Overall test application time can be decreased up to %48 percent which directly means
to increase test equipment throughput.

o Diagnosis time of the faulty boards can be decreased up to %76 percent.

By combining [18]’s study and efficiency incremental solutions mentioned above, the newly
designed test equipment should be automatic and modular, which not only increases the test
reusability but also decreases the test application time.

The concepts that have been discussed for the general military electronics industry is also
applicable for ASELSAN which are;

e Low volume of manufacturing,
e Demand for high reliability,
e Demand for low price,

e Testing complex, high technology systems.

In ASELSAN, similar boards are produced for different projects and come to the test design phase
at different times.

These boards generally have the same communication peripherals, nearly the same power
requirements and slightly different topologies.

In the conventional test development procedure of ASELSAN, test equipment and software of
these nearly the same boards (in terms of testing perspective) are designed separately and generally
by a different design engineer. This causes a waste of engineering time and test resources.
Moreover, boards are not tested in the same manner due to having different test designers.
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The proposed method to solve these long standing problems can be formulated as;

i. By using domain engineering principles of the SPL, investigations will be made on the
newly designed boards.

ii. By using domain information that will be mined from the investigations, a domain based
test system will be designed.

iii. The test system will have a modular architecture. This architecture will consist of two parts;
a stable part (ATE) and a changeable part.

iv. The required measurement devices, power sources, oscilloscope, relays, signal generators,
and simulation devices will be ready in the stable part.

V. Changeable part of the test system will be a test fixture which will have been specially
designed for the board. This fixture can include cable connections and any other special
equipment for the test of that specific board.

vi. The designed ATE will have general software, which runs independently from the tested
board. This general software will initialize the required instruments and also it will make
sure that a standard test report is generated by the board test.

vii. Each board which has its own test fixture will also have test software. This board specific
test software will be an input to the main software of the ATE mentioned above.

In 1950s, ATE technology was proposed to solve the problems of military maintenance procedures.
The engineers of those first ATE systems had a common mistake which was adding any available
instruments on the market to the design to confront possible future needs. As a consequence of
containing several instruments, most of which would never be used throughout the ATE lifecycle,
overall production cost of ATE system increased enormously and industry came to the decision
point about whether to give up the ATE methodology or revise the ATE’s design philosophy. The
design attitudes which have been given above with the numbers i and ii, are proposed to decrease
the total initial capital cost of the ATE system without causing any insufficiency in the tests.
[24][25][26]

The industry prefers modular ATE design which has been described at numbers iii, iv, and v, not
only to manage and plan product line related problems separately from product specific ones but
also to isolate the general test equipment topology from board specific requirements. This attitude
proposes two main modules, the module which contains measurement, switch, simulation, and
signaling devices is called as stable part in this study (iv) but it has different names in the different
studies like core equipment or universal common module. The board specific module which has
wirings from board to stable parts and required special equipment is called as changeable part
where it can be found as interface device, dedicated module, interface test adaptor or UUT adaptor
in different studies.[8][16][25][27][29]

It is a known fact that “no ATE is complete without its software”. [24] But the studies show that the
cost of test software has become the main portion of the total test capital cost. [31] Therefore, the
modular test software development approach which has been described in vi and vii, is proposed by
the developers. The module whose duties are initializing, controlling the instruments, detecting
broken ATE parts, realizing the general purpose operator interface is called as system software or
management software in the related studies (as in vi). [28][29] The second module which is
responsible for applying test related signals to the board and making comparisons according to the
given limits, is called as application software or testing software(as in vii). [28][29] By the help of
this separation programming time is significantly decreased and as a consequence of operator
interfaces commonality, human based errors are decreased. [31]
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By applying the methodology mentioned above, a standard approach to board testing will be
established for the domain which has been investigated.

This standardization of test development process is expected to result in;

Decreased test development time: Using the ATE system and its management software
simplifies test development process to the setting the parameters of devices and mapping
board signals to ATE resources. These simplifications linearly decrease the required
engineer time to develop test. [31][35][37]

Decreased test hardware cost: The total cost of ATE system will be shared by the whole
focused board family. This will dramatically decrease the instrument ownership cost of the
test system. In addition to this, there will also be a significant decrease in the board specific
test equipment manufacturing errors as a consequence of simplifying it to the mapping
between board and ATE. The dramatic decreases both in instrumentation and material costs
will lead a decrease in total test hardware cost. [25][33][37]

Decreased set up time: Proposed solution simplifies the test setup procedure in a way that
the only required actions are connecting board specific test equipment to the ATE and
starting the general ATE software. This simplifications and automations decrease the
required operator time to start the test. [33] [34]

Increased test coverage: Capabilities of test environment are increased by the use of ATES
and also, design engineers start to spend more time on the actions, which will increase the
test coverage after the simplifications at the development phase grant extra time to them.
Automation also speeds up the test procedures, as a result of that, the test cases which were
intentionally subtracted from test procedures to shorten the test time will be added back to
the test sets. Having a larger test set and engineering effort will result in an increase in test
coverage. [30][32]

In the next chapter, details about application of the methodology mentioned above in ASELSAN’s
tests will be presented and results will be analyzed.
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CHAPTER 4

IMPLEMENTATION

Low production volume in the defense electronic industry is mentioned above. As a consequence of
this fact, all actions related with cost minimization should obey the “economy of scope” approach
which is explained in Chapter 2.

This approach basically states to increase the commonalities of the final products in order to share
the total design cost of the systems. That is also the main idea of SPL approach and the board test
system which will be designed and implemented in this chapter use this main idea.

By using domain engineering strategy of the SPL approach, appropriate scope for the test system
will be decided later in this chapter.

In this implementation, a specific project of the ASELSAN had been taken into account and from
this point on, the project will be called as Project T (PT) because of confidentiality issues.

PT was designed and developed for the Turkish Air Force which means that it shall obey all the
applicable regulations and principles of air combat vehicles. This complex system consists of 95
individual modules. Although these modules differ from each other in their functionalities and
physical properties, they can be assembled in four major groups.

e Electronic Boards group consists of any module which is implemented on a PCB;

e Optical Modules group consists of any module which is related to the optical functionality
of the overall system;

e Wiring Modules group is responsible for the connection of the other modules with each
other;

e  Others group is collection of the modules which are not the part of the above mentioned
groups. Member list of this group includes heater fans, special design heat sinks, spring
sets, coolant materials, electric motors.

Distribution of these 95 modules to the above mentioned groups can be seen in Figure 4.1.
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Figure 4.1 - Distribution of the modules in PT to four categories

All of these modules need to be tested before being integrated to the final system which means
testing procedures and techniques for these materials should be designed. These four groups have
different characterizations and therefore different testing approaches should be applied to them.

In the focus of this study, electronic boards group which has 31 members had been investigated.
All the members of the group have different functional behaviors and the final system expects
distinct duties from them. Trying to design a system that tests all of these distinct members, results
in enlarging the scope of the system to inefficient borders. Therefore, another grouping will be
appropriate for the sake of efficiency.

By analyzing the main functions of the boards and the company production strategy which is stated
as the required input of the domain engineering at [5], four different families are generated in PT
which are;

e Line 1: Power generation, power conversion and high voltage boards.

e Line 2: Communication boards, processor boards, digital boards with a specific duty on the
system.

e Line 3: Flex, backplane or main boards which are only has hardwired lines.

e Line 4: Outsourced boards which are designed by ASELSAN but will be produced and
tested by sub-contractors.
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Figure 4.2- Distribution of Electronic Boards of PT to the Families

The focus of the present study was narrowed down to the Line 2 family which is the most crowded
and technologically complicated family. This decision drawn the border line to the scope of the
investigations which was done to develop the ATE to test Line 2 family members and similar
products of the future projects.

Decisions about requirements for both hardware and software architecture of the ATE will be taken
at the below by using the results of the detail analysis and futuristic projections.
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4.1 Hardware Design

As mentioned in chapter 3, designed hardware have two blocks. First block which is called as ATE,
will be used by whole focused family members and was designed by using domain engineering
principles. Second block which is called as board specific test equipment (BSTE), was designed
and used for just one specific member of the family, this design and development actions of BSTE
depend on the application engineering point of view.

411 ATE Design

Input requirements of the family members, expected outputs and functional observations are
analyzed to design the ATE of the system. In addition to these factors, available off the shelf
components and possible future members of the family are considered to have a maintainable and
efficient product line testing system. Market and industry knowledge become key ingredients to
have efficient and applicable test system design which means experiences of the designer will have
a great role in this phase.

All required hardware modules will be analyzed and determined below.
4.1.1.1 Power Source Devices

Voltage requirements of the family members are listed at Table 4.1.

Table 4.1-Line 2 Family Members’ Power Requirements

Board | Voltage | Max.Power
(V) (W)
ml +5.0 | 10
+33 |5
m2 +33 |9
m3 +33 |5
+5.0 | 8
-5.01]8
+12.0 | 35
-12.0 | 35
m4 +5.0 |5
+33 |5
m5 +5.0 | 5
+33 |6
m6 +5.0 | 15
m7 +3.3 |3
+5.0 | 2,5
5.0 25
+12.0 | 40
-12.0 | 40

24



Table 4.1-Line 2 Family Members’ Power Requirements(Continued)

m8 +33 |2
+5.0 | 10
-5.0 | 10
m9 +28.0 | 95
+12.0 | 45
+5.0 | 2,5
+33 |1
m10 +33 |2
+5.0 |3

Requirements for five different voltage levels which were used at the boards are given above. The
purpose of this study is to design a test system that can test all the family members. Therefore, the
meaningful data of Table 4.1 are the maximum power requirements of each voltage levels which
will draw the border lines to the power limits of ATE.

By inspecting Table 4.1, maximum Voltage/Current values can be decided as;

Voltage Level 3.3V Voltage Level 5V Voltage Level -5V
Max. Power=6 W Max. Power= 15 W Max. Power= 10 W
Max. Current= ~1.85 A Max. Current= 3A Max. Current= 2A

Voltage Level 12V Voltage Level -12 V Voltage Level 28 V
Max. Power=45 W Max. Power= 40 W Max. Power= 95 W

Max. Current= 3,75 A Max. Current= ~3.35 A Max. Current= ~3.40 A

Minimum number of power sources which is required to boot all family members in their respective
test sequence is five because of the fact that family member m7 needs that number of sources.

In addition to booting up the UUT, extra power necessities can exists in the test setups. Using
specially designed test boards to test UUTs are very common in ASELSAN, as can be seen in
Figure 4.3., 16% of all boards’ and 60% of boundary scan (BS) compatible boards’ test setups
(Figure 4.4.) consist BS test boards. In this perspective adding one more power source to the
designed system makes sense in order to test all family members under any required condition.
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Figure 4.3- Percentage of Test Board Requirements among Total Boards

Figure 4.4-Percentage of Test Board Requirements among BS Compatible Boards

Number of total power sources was decided as six above. At the point of deciding specifications
and brand of these six sources, preexisting company assets, as mentioned in 2.1.1, have great
importance. Using pre-used brand and products minimized the required time to define maintenance
and calibration procedure of these devices. This also drastically decreased the amount of time
required to learn to manage this device by using its application programming interface (API) or
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dynamic-link library (DLL), supplied by manufacturer.

By above mentioned considerations power source devices of brand X were chosen as;

Table 4.2-Power Source Devices Specification List

Source Name

Specifications

Pwr Source 1

Max.Voltage:8 V Max.Power:50W Max.Current:6.25A

Pwr Source 2

Max.Voltage:8 V Max.Power:50W Max.Current:6.25A

Pwr Source 3

Max.Voltage:35 V Max.Power:105W Max.Current:3A

Pwr Source 4

Max.Voltage:35 V Max.Power:105W Max.Current:3A

Pwr Source 5

Max.Voltage:60 V Max.Power:750W Max.Current:12.5A

Pwr Source 6

Max.Voltage:60 V Max.Power:750W Max.Current:12.5A
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Choosing all sources with maximum ratings among off the shelf sources was the easiest way to
decide sources but the purpose of this study is to decrease the total testing cost. Therefore; to
decrease the cost of total ATE, sources were selected by carefully planning.

Pwr source 1 and pwr source 2 which have low voltage and power ratings, fullfill the low power
requirement of voltage levels 3.3 and 5.

Pwr source 3 and pwr source 4 which have high voltage rating but low current rating, can be used
to supply voltage levels of 12 and -12.

Pwr source 5 and pwr source 6 are chosen to prevent the system to be useless against future
member of the family which has high power and voltage requirements.

4.1.1.2 Communication Protocols
The industry has hundreds of different protocols, implementing a system which has the ability of

applying all these protocols are not only impossible but also irrational. Therefore; protocols that are
used by the line 2 family were investigated and the findings were listed in Table 4.3.

Table 4.3-Line 2 Family Members’ Communication Protocols

Board | Protocol #of channels
ml Rs422 2
m2 ARINC-708 1
m3 Rs232 2
Rs422 1
Rs485 1
MLT-STD-1553 2
mb5 ARINC-429 8
m8 MLT-STD-1553 1
m9 Rs232 3
m10 Rs232 2
Rs422 1
Rs485 1

Below devices were chosen among the off the shelf components in order to implement the
communication requirements of the line 2 family.

Table 4.4-Communication Devices Specification List

Device Name Specifications
CommbDev 1 2 channels MLT-STD-1553 communication

CommbDev 2 10 channels ARINC-429 communication
CommbDev 3 2 channels ARINC-708 communication
CommbDev 4 4 channels configurable Rs232/422/485 communication
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4.1.1.3 Boundary Scan Devices

Decisions about boundary scan had two main subjects. The first one was whether or not to
implement boundary scan infrastructure to the ATE. Investigations, which were summarized as
Figure 4.5, on the Line 2 family boards show that 80 % of the members have BS compatible
components.

BS Compatible Boards VS. Non BS Boards

H BS Compatible
H Non BS

Figure 4.5-BS Compatible Boards VS. Non BS Boards in Line 2 Family

To increase the test coverage of 80 % of the family boundary scan infrastructure was decided to
implement and in the next phase, a second question arises: What kind of hardware will be chosen?

As an industry standard, boundary scan hardware does not work individually, to make it functional,
the responsible person must purchase and install license files and application software. These
software and license bring extra cost to the system and not only to avoid this extra cost but also to
have companywide similar infrastructure, Brand A’s products had been selected for use in this
study. ASELSAN has network licenses for Brand A’s products which means any ATE connected to
the ASELSAN network can use the software without any extra charges.

Brand A has several boundary scan hardware, so, to choose the correct model information about BS
topologies of the family members were required. By investigating family members, the topology
was constructed.

Table 4.5-Number of Scan Chains Line 2 members have

Board | Number of Scan Chain
ml
m2
m3
m4
m5
m8
m9
m10

RN N R RPN -

Brand A has one port and 4 port BS hardware, by using Table 4.5, four port hardware was chosen,
whose specifications can be seen below.
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Table 4.6-BS Device Specification List

Device Name Specifications
BS Device 4 port, 1.8/2.5/3.3/5.0 V, PCI Boundary Scan Hw

4.1.1.4 Digital Input/output Devices

Digital output signals are used to set a board signal to HIGH or LOW states where as the digital
inputs are used to read the state of the signals.

HIGH state voltage level was decided by board design therefore; to set the specifications of digital
10 device, line 2 family was investigated.

5 volts, 3.3 volts and ‘Low voltage differential signaling’ were observed as three different digital
signaling standards on the family. To fulfill these three standards above devices were selected;

Table 4.7-Digital Input Output Devices Specifications List

Device Name Specifications

DIO Device 1 32 channel , 1.8/2.5/3.3/5V level adjustable PXI DIO
DIO Device 2 32 channel , 1.8/2.5/3.3/5V level adjustable PXI DIO
DIO Device 3 16 channel , LVDS PXI DIO

DIO Device 4 16 channel , LVDS PXI DIO

4.1.1.5 Analog Output Devices

Analog outputs are used to set board signals to the desired voltage levels; applied voltage level is
related to the design and desired function of the board.

Range of applicable analog voltage level was the key criterion to choose the correct device
therefore line 2 family was investigated.

Range for analog signals was decided as £10 volt, so below device was chosen for the system.

Table 4.8 -Analog Output Device Specifications List

Device Name Specifications
AOut Device 16 channel, £10 volts range PXI Analog Output

4.1.1.6 Measurement Devices

Investigations on line 2 show that oscilloscope and multimeter are two required measurement
devices of the ATE.

Having more than one oscilloscope or multimeter devices on the ATE is not acceptable in
ASELSAN’s design culture. Therefore, software controlled multiplexers and relay modules were
preferred to populate the inputs of these measurement devices.

Analysis on the line 2 boards resulted in the topologies seen at Figure 4.6 and Figure 4.7 which
used devices of Table 4.9.
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Table 4.9-Measurement Devices Device Specifications List

Device Name Specifications

Measurment Device 1 | 6 Y Digit, 300V-1A Multimeter

Measurment Device 2 | 2 Channel,1 Trigger,150 Mhz, PXI, Osilloscope

DMM 1(+/-)
DMM 2(+/-)
DMM 3(+/-)
DMM 4(+/-)
DMM 5(+/)

DMM (+)

Multimeter DMM () 2x20
Multiplexer
@

DMM 18(+/-)
L DMM 19(+/-)

DMM 20(+/-)

DMM 21(+/-)
DMM 22(</-)
DMM 23(+/-)
DMM 24(=/-)

410133Uu0) 1S9

DMM (+)

2x20
DMM (-) Multiplexer
7

_DMM 38(+/-)
_DMM 39(+/-)
DMM 40(+/-)

Figure 4.6-Populating Multimeter Inputs via Multiplexers

Osilloscope

CH1

CHO_M1
CHO_M2

CHO_M3
CHO_M4
CHO_M5
CHO_M6
CHO_M7
CHo_M8

10123UU0) 1S9 |

CHO 1x8
Multiplexer

Figure 4.7-Populating Osilloscope Input via Multiplexer
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The final system layout which had been designed throughout section 4.1.1 can be seen at Figure
4.8.

Printer
LCD Monitor
BS Device

PC

ComDev 1
ComDev 2
CombDev 3
ComDev 4
DIO Device 1
DIO Device 2
DIO Device 3
DIO Device 4
AQut Device

Measurment Device 2

PXI

10103UU0)D 1S9

Measurment Device 1 |

Pwr Source 1

Pwr Source 2

Pwr Source 3

Pwr Main Frame

Pwr Source 4

Pwr Source 5

Pwr Source 6

Figure 4.8-ATE Over All System Layout
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Figure 4.9-Final Look of the Designed ATE
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4.1.2 BSTE Design

BSTEs are designed for specific boards and their main duty is being a bridge between electronic
board and general purpose ATE.

BSTEs which are designed in ASELSAN, do not include any active or complex components as a
design criteria of the company. In other words, wirings from board connector, test point or probed
location to the ATE’s specific resources are the only desired elements of the BSTEs. On the other
hand, in some cases it is inevitable to add some extra equipment to the BSTE, like adding a cooling
fan for a processor board. In such cases designers are allowed to use extra components by giving
the control of this extra component to the ATE via appropriate wiring.

The design of BSTE is started after BSTS design is finalized, which is explained in detail at 4.2.2.
At BSTS design step test methods and requirements are stated clearly and BSTE designer, who
generally is the same engineer with BSTS designer, uses this information to decide whatever he/she
needs to implement that test methods physically.

Steps of BSTE design are;

e By looking at test methods engineers decide whether probing is required or not. If probing
is required, the coordinates of the probing locations are decided and appropriate
mechanical probing tool is requested from mechanical design engineers of the department.

e By looking at test methods, a mapping from board signals to the ATE resources is created
by the designer to show the technicians which connections should be done.

e Board orientation on the BSTE is decided by considering ATE connection and possible
fault inspection/fault detection activities of technicians for faulty boards.

e Standards of the cables which will be used for transmitting signals from board to ATE, are
decided by considering applicable standards and previous experiences.

A BSTE which were designed and developed for the line 2 family can be seen at Figure 4.10.

Figure 4.10-BSTE example

33



4.2  Software Design

Software architecture of the test system consists one general and one board specific software block
whose names are automatic test equipment management software (ATEMS) and board specific test
software (BSTS). As in hardware section design and development actions of ATEMS part consist
domain engineering point of view whereas BSTS part consists application engineering.

Test system is intended to be used by test operators and test designers whose use cases are given at

Figure 4.11.
- AN
- AN
”~
- N
- N
”~ - N
- AN
_______ ~ . N
NN ~ N
AN ~ ~ = ~ N
N ~ ~ N
Test Operator ~ SN
~
s > PrintReport )= — — — — — — = >
N - 7
\ -7
\ P 7
N - s Test Designer
\ - - 7
-~ 7/
Y
Y
'
Y

Develop/Update
Test

Figure 4.11- Test System Use Case Diagram

Software system which is the combination of ATEMS and any given BSTS should realize above use
cases. By investigating above use cases, scope and functions of not only ATEMS but also BSTS was

defined.

Details of ATEMS and BSTS architecture are given below.
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4.2.1 Design of ATEMS

ATEMS is the block that handles the standard procedures of the ATE system for every test
execution. Setting an appropriate scope for ATEMS decreased the cost of each individual BSTS by
narrowing the scope of engineering work done for each individual boards.

e LogIN
e Log Out
e Run Test

e  Print Report

Above four use cases which were taken from Figure 4.11, are standard procedures which means
they do not include any board specific information. Therefore; these four use cases must be
considered as the focus of ATEMS.

“Develop/Update Test” use case represents test development activity which is held by engineers.
After completion of design phase of the board specific test, the designer decides on the required
resources for the test. Actions after that point on can be divided into two main categories.

e Manage Devices: At this action block designer initializes the devices and sets the required
parameters.

e Compare Results: The designer builds a system which compares the result sent by
devices and expected results.

Develop/Update
TEST
Manage Devices Compare
’ Results

SN SN

Set Device Read Test Data Enter Expected
Parameters Results

Initialize Device

Figure 4.12-Break Down of Develop/Update Test Action

Both of these action categories were repeated several times inside the test software wherever
necessary.

Compare Results category is totally board dependent, but on the other hand Manage Devices
category includes parts which are suitable for reuse.

Device initializations are very straightforward procedures, which are done by using device APIs or
DLLs. These actions return device handles to the programmer in order to let designers to control
the device later in the program.
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As a consequence of being an inevitable and standard procedure, initialization related actions were
included in the scope of ATEMS.

Although device parameters are decided and set by the developer according to the board design,
this effort can be minimized by using modular device management software components.
Therefore, at the ATEMS development phase by careful domain engineering system’s all required
software assets must be planned and developed.

Developers of the BSTS which was explained in detail at next section , must use these assets to
design their tests.

ATEMS was designed by considering above mentioned use cases and actions. The descriptions of
main program blocks are;

Log in: Checks the user to decide whether he/she is a designer or operator and grants
rights accordingly.

Decide Action: If the user is a designer there are two operation possibilities; run test or
develop test.

Initialize Devices: ATE resources are initialized and device handles are stored on system.

Acknowledge BSTE: Every BSTE has a unique hard coded id and ATEMS will recognize
which BSTE is connected to ATE.

Decide Related BSTS: ATEMS checks the BSTE and BSTS relation table to decide
appropriate BSTS.

Call Related BSTS: BSTS of the specific board is called with the resource handles.

Get BSTS Results: After BSTS operation is finished, stored test data is read and parsed by
ATEMS.

Generate/Print Report: A report file according to the ASELSAN standards is generated
and sent to the printer.

Release Device Handles: Release action for whole devices are done at this step.

The flow diagram of above program blocks can be seen at Figure 4.13.
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Figure 4.13-ATEMS Program Flow

37



In addition to these program blocks shown in Figure 4.13, management libraries for all the
resources mentioned in hardware section, were designed and developed in the ATEMS development
phase.

These libraries are ready to use for the development of the BSTS which will run on this ATE.

4.2.2 Design of BSTS

BSTS part is developed by the responsible test designer of each board, separately. Developers must
fulfill architectural requirements that ATEMS state and provide the required parameters.

In other words, ATEMS behaves like a black-box to the BSTS which must take handle as an input
and gives predefined outputs. These predefined outputs are;

e Test Results: Pass or fail information of each individual test step.
e  Test Limits: Numeric limits or pass/fail criteria of the test steps.

e Test Measurements: Measurements read from devices or entered by operators about
related test steps.

Test Results

Device Handles > BSTS Test Limits >

Test Measurements

Figure 4.14-Black Box representation of BSTS

Although BSTS seen as a black box by ATEMS (as seen at Figure 4.14), internal design of BSTS
consists several steps and require investigation in detail on the focused board to have a proper
testing method and increase the test coverage.

BSTS design and development steps are;
a. Board topology is analyzed by the design engineer in detail.
b. Test methods are decided for each testable part of the board.
c. Limits or pass/fail criteria of each test step is defined.
d. Required test resources are decided

e. Resources are compared with available resources on the ATE. If test design requirements
contradicts with available resources designer should return to step b and review his/her
test design to find alternative methods.

f.  Test flow which shows the order of test steps is decided
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g. Conditional relations between test steps are decided. Preconditions and post conditions of
each test steps are listed.

h. For each test step required state of resources are decided and parameters to set devices to
these states are listed.

i. Resources are set to the desired states by using parameters defined in step h and device
management libraries that are developed in ATEMS phase.

j. Obtained results are compared with the limits defined at step c.

k. Pass/Fail decision of the test is given by the information at step j.

BSTS have their own revision controls, separate form ATEMS and must be updated whenever the
related board is revised or a defect about board test methodology is reported.
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CHAPTER 5

EVALUATION

Test system implementation which is elaborately explained in chapter 0 is proposed to solve the
problem defined in chapter O. In this chapter, the effectiveness of the proposed solution against the
manual testing systems will be investigated by using the real life results which are taken from the
usage of designed ATE by ASELSAN personnel.

In order to obtain reliable comparison possibility, manually tested boards which was used to decide
the efficiency of the proposed automatic and modular method, was chosen from a project that is
also designed for air forces like PT.

The project which has manual board tests, from this point on, will be called as Project Z (PZ). As a
consequence of being developed for the same customer (air forces), PZ was subjected to the same
performance requirements and standards. These similarities gave a chance to have an objective
comparison about test devices.

PZ has 8 boards which are similar with the line 2 family’s boards in terms of technical
specifications. Throughout this study these 8 specific electronic boards had been used for the
comparison purposes and called as L1, L2....L8, respectively.

In section 2.3, evaluation metrics and explanations about their usage were given.

For this study comparison and performance evaluation of developed methodology was based on the
metrics below:

e Test Equipment Setup Time: Metric shows the elapsed time from operators start to
setting the test system till he/she runs the test plus required time to returning test system to
the initial conditions. This metric will be used in minutes.

e Test Run Time: Metric shows the elapsed time from the operator run the test until the test
report is generated. All test related actions, warnings and messages are included in this
time span. This metric will be used in minutes.

e Test Development Time: Metric shows time spent for the specific board’s test. This time
span starts from the moment that engineer starts to inspect the board topology and ends at
verification tests which are done with company quality control engineers. When the cost
of one engineer hour to the company is considered, the most expensive part of a test
system becomes this metric. [16] This metric will be used in hours.

e Test Hardware Cost: Metric shows specific board’s total test equipment cost which

includes test equipment’s material cost and technicians’ time spent to build. This metric
will be used in US dollars.
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e Fault Detection Rate: There is more than one method to decide this metric. Percentage of
faulty boards in total produced board number can be used to compare both above
mentioned projects. But this method could not isolate the board production faults therefore
is not appropriate to compare two different projects whose production lines are different.
In this study, the number of boards which passed the board test but detected as faulty at
system integrations tests will be considered. The percentage of insufficient tested boards
in total produced amount will be used as a detection rate. This metric will be used in

percentage (%).

Some of the metrics listed at 2.3 was not used in this study. These metrics and the reasons were
given below.

e Labor Skill: In this study labor skill metric is not applicable because there is no
classification between test technicians at ASELSAN. All test designs are done as if it
would be used by unskilled technicians then the operator of the test is chosen by the
department manager by considering technicians’ schedules and the test schedules.

e Test Coverage: ASELSAN does not have any established methodology or procedure to
measure the board test coverage and generate coverage reports. Therefore before using
this metric, one should design and establish a proper methodology for the factory. This
process requires significant effort and domain analysis that is why “test coverage” metric
is not considered in the scope of the study.

e Verification and Validation Time: In ASELSAN, the verification and validation
processes that are held with quality control departments are standard and straightforward.
In the other words it is not possible to modify the processes according to the test
methodologies. Therefore this metric could not be used for comparing two test systems at
ASELSAN’s case.

e Over all Operator Time: Over all operator time data is the sum of “test run time” and
“test equipment setup time” for the ASELSAN’s case. Therefore in this study to have a
more insight about processes, “test run time” and “test equipment setup time” metrics are
chosen to be used at evaluation steps. Using “over all operator time” metric while the
above mentioned two metrics in use, will not give any extra insight about test systems
performance or efficiency that is why this metric is omitted in this study.

Metrics explained above were applied to both PT and PZ boards and results were presented below.
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5.1 Test Equipment Setup Time

PT has an automatic testing system which was designed and developed at above sections. Therefore
setup phase of the PT line 2 board family only included these actions;

i.  Connect related BSTE to the ATE
ii. Connect board to the BSTE
iii. Start test sequence
iv. Disconnect board from BSTE

V. Disconnect BSTE from ATE

Time that test operator spent for P7’s members were listed at Table 5.1.

Table 5.1- PT member’s Test Setup Time

Board Setup Time (min)
ml 4,4

m2 4.4

m3 13,3

m4 13,3

m5 4.4

m6 4,4

m7 4,4

m8 4.4

m9 13,3

m10 4.4

Total Setup Time pt=71,0 min

By inspecting Table 5.1.

. Total Setup Time
Average Setup Timepy = P PT
#of PT's members

=71 minutes (5.1-1)
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The electronic boards of PZ have manual board specific test equipment (MBSTE) which means
setup phase of this family include these actions;

i Operator should read test procedure and learn required resources.
ii.  Operator should bring the resources listed in test procedure to the test table.
iii. Connections between resources and MBSTE should be done by looking test procedure.
iv. UUT should be connected to the MBSTE.
V. Test should be started by following steps in test procedure.
vi. UUT should be disconnected from MBSTE.
vii. Resources should be disconnected from MBSTE.
viii. Resources should be carried to the appropriate stocking place.

Examples of MBSTESs can be seen in Figure 5.1.

Figure 5.1-Example of MBSTE

Time that test operator spent for PZ’s members were listed at Table 5.2
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Table 5.2- PZ member’s Test Setup Time

Board | Setup Time (min)
L1 13,3
L2 20,4
L3 13,3
L4 20,4
L5 16,0
L6 13,3
L7 20,4
LS 13,3
Total Setup Time ;=130,6

By inspecting Table 5.2;

Total Setup Time p,

Average Setup Timep; = % of PZ' s members

=16,3 minutes (5.1-2)

Average Setup Time PT vs. PZ
20,0
16,3
15,0
W Average Setup Time
10,0 PT (min)
B Average Setup Time
50 PZ (min)
0,0
Projects

Figure 5.2-Average Setup Time comparison of PT vs. PZ

By inspecting Figure 5.2;

- Average Setup Timep, - Average Setup Timepy x100 = 56,4%

- (5.1-3)
Average Setup Timep;

where S is the percentage of the saved test run time.

By comparing the results given at Figure 5.2, it can be stated that automatic test strategy saves
56,4% of the required setup time.
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5.2 Test Run Time

Boards of PT have their own BSTS which were explained in section 4.1.2, BSTS are integrated with
ATE therefore only actions that operators must do throughout test are;

i Running the BSTS
ii. Following the warning messages on the computer screen, if exists.

Recorded test time for PT’s members can be seen at Table 5.3

Table 5.3- PT member’s Test Run Time

Board | Test Time (min)
ml 16,0

m2 16,0

m3 20,4

m4 20,4

m5 24,0

m6 16,0

m7 24,0

m8 19,9

m9 26,7

m10 16,0

Total Run Time pr=199,5min

By inspecting Table 5.3

Total RunTime py
#of PT's members

Average Test RunTimepr = =19,9 mnutes (5.2-1)

Test operators have test procedures and MBSTEs to test PZ’s boards. As a consequence of not
having ATE and test software, testing activity of PZ members becomes;

i Operator follows the test procedure step by step.

ii. Operator takes measurements by any required measurement device when procedure
requests.

iii. Measurement results are stored by operator to a predefined test log document.

iv. Operator applies signals to UUT when procedure requests.
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Time that spent for testing of each PZ member was listed at Table 5.4.

Table 5.4-PZ member’s Test Run Time

Board | Test Time (min)
L1 90,0

L2 120,0

L3 26,7

L4 120,0

L5 60,0

L6 60,0

L7 150,0

L8 50,0

Total Run Time ,;=676,6

By inspecting Table 5.4;

Average Test RunTimep, =

Total RunTime p;

=84,6 minutes

#of PZ's members

100,0
80,0
60,0
40,0
20,0

0,0

Average Run Time PT vs. PZ

84,6

B Average Run Time
PT (min)

H Average Run Time
PZ (min)

Projects

Figure 5.3-Average Run Time comparison PT vs. PZ
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By inspecting Figure 5.3;

Average RunTimep, - Average RunTime
g — [Verage Run Timep; - AVErage RUN TiMeer 100 — 76,5%
Average RunTimep,

(5.2-3)

Here, S is the percentage of the saved test run time.

By looking the value of S, it can be stated that proposed methodology decrease the test time in the
order of 76,5 %.

5.3  Test Development Time

Test development activity of proposed automatic testing approach includes;

i Design and implement BSTS: Developer uses the assets which are built at ATEMS phase
to construct related BSTS. This significantly decreases the development effort.

ii. Design and construct BSTE: Equipment uses ATE’s standard connectors to connect the
devices. Therefore, BSTE design is downgraded to preparation of cable mappings.

iii. Preparation of test procedure: As a consequence of using automatic test equipment, test
procedure becomes very straightforward. Test procedure basically tells operator how to
run the test and follow the warnings on the screen. (see appendix A)

iv. BSTS and BSTE integration: Complete test flow is applied to the “known good board (i.e.
golden board) ’several times to validate test methodology and be sure from functionality

V. Test set verification: Test procedure, BSTS and BSTE are verified by multiple runs and
statistical repeatability calculations on the results. This activity is done by the participation
of the company quality control engineers.

Unfortunately, stored test development time data set did not have above mentioned granularity. The
data on hand shows the total amount of time to spent on each board and they were listed below at
Table 5.5

Table 5.5-PT members' test development time (hour)

Board Development Time (hour)
ml 91,6

m2 92,9

m3 121,7

m4 119,5

m5 102,5

m6 97,6

m7 99,6

m8 104,8

m9 152,0

m10 112,4

Total Test Development Time »;=1094,4 hour
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By inspecting Table 5.5 ;

Average Test Development Timep =

Total Dev.Time pr
#of PT's members

=109,4 hours (5.3-1)

On the other hand manual test development activities include;

Design and construct MBSTE: Connectors to connect the required resources are decided
and placed into the test equipment. Mapping of wirings from board to devices are prepared
and the cable specifications are decided.

Preparation of test procedure: Test procedures need to be prepared in detail as a
consequence of being operator dependent test. This procedure will guide the operator
through the whole test. At measurement steps it must tell the operator where the probes
must be placed, what the expected values and limits are. At the steps where signals should
be applied to the board, procedure should explain how to set devices to give required
signal and where or when this signal must be applied. Also, the procedure must direct
operator to write down the measurement which he/she read to the test log document. (see
appendix B)

Procedure and MBSTE integration: Complete test flow is applied to the “known good
board (i.e. golden board) several times to validate test methodology and be sure from
procedures’ guidance. As a consequence of manual tests’ time consuming nature, this step
elapses the main portion of the development time.

Test set verification: Test procedure and MBSTE are verified by multiple runs and
statistical calculations on the results. This activity is done by the participation of the
company quality control engineers.

Figure 5.4-Example of MBSTE -2
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Time spent for developing tests to the PZ family members were listed below.

Table 5.6- PZ members' test development time (hour)

Board Development Time (hour)

L1 158,7

L2 182,3

L3 135,6

L4 185,5

L5 148,7

L6 142,5

L7 196,4

L8 138,6

Total Test Development Time ,;=1288,4 hours

By inspecting Table 5.6 ;

Average Test Development Timep, =

Total Dev.Time p,

=161,0 hours

#0

f PZ's members

(5.3-2)

Average Test Development Time PT vs. PZ

180,0
160,0

140,0
120,0

100,0
80,0
60,0
40,0
20,0

0,0

161,0

W Average Test
Development Time
PT (h)

W Average Test
Development PZ (h)

Projects

Figure 5.5- Average Development Time comparison PT vs. PZ (hours)
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By inspecting Figure 5.5;

where S is the percentage of the saved test development time.

Average Dev.Timep, - Average Dev.Tim
_ Average De Epz e.age e Ept X100 = 32.0%
Average Dev.Timep,

S

(5.3-3)

By looking the value of S, it can be stated that proposed methodology decreases the test
development time in the order of 32,0 %.

5.4  Test Hardware Cost

Critical decision of hardware cost calculations is whether to include resource cost in the test system
cost or not.

In this study, the cost of devices in the ATE was not added to the total hardware cost of the board
tests for PT. Also, in the same manner, the cost of used resources was not added to the total
hardware cost of the PZ.

Devices in ATE and resources used in manual tests are general purpose equipment which means
that will be used in more than one test design and family. Therefore, adding the cost of these
general purpose devices to just one family, brings a misleading cost overhead to the test equipment.

Although the ATE, in this study, was developed for the PT"’s line 2 family which has 10 members,
today it has 23 board tests. If the cost of the ATE is shared by the boards tested by it, this 13 board
should be considered. But adding data from other projects for evaluation purposes makes it
impossible to compare PT and PZ. It is also applicable for PZ whose resources are used in different
projects, too.

Therefore, in this study, only material costs of the test equipment and technician hour spent to build
equipment was considered as a hardware cost. (Technician hours will be converted to the USD by
considering wages)

Hardware costs of PT’s members were listed in Table 5.7.
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Table 5.7- Hardware Costs of PT’s members (3)

Board Hardware Cost ($)
m1 15750,0

m2 14000,0

m3 21000,0

m4 19750,0

m5 15800,0

mé 17500,0

m7 18750,0

m8 16000,0

m9 21750,0

m10 16750,0

Total Hardware Cost pt=177050,0$

By inspecting Table 5.7;

Total Hw Cost pr

Average Hw Cost p =
#of PT's members

=17705,0% (5.4-1)

Hardware costs of PZ’s members were listed at Table 5.8

Table 5.8- Hardware Costs of PZ’s members ($)

Board |Hardware Cost ($)

L1 15900,0

L2 18750,0

L3 15250,0

L4 22300,0

L5 17800,0

L6 19250,0

L7 25750,0

L8 14500,0

Total Hardware Cost p,=149500,0$

By inspecting Table 5.8;

Total Hw Cost p;

Average Hw Cost p; =
#of PZ's members

=18687,5% (5.4-2)
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Average Hardware Cost PT vs. PZ
18800,000 186875

18600,000
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18200,000 W Average Hardware Cost
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B Average Hardware Cost
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18000,000

17800,000 17705,0

17600,000

17400,000

17200,000

Projects

Figure 5.6-Average Hardware cost comparison PT vs. PZ($)

By inspecting Figure 5.6

where S is the percentage of the cost decrements.

Average Hw Cost ., - Average Hw Cost
g - LVerage rwe.08tp, - AVErage AWEOter 4100 - 5,3%
Average Hw Cost 5,

(5.4-3)

By looking at the value of S, it can be stated that the difference between hardware costs of proposed
methodology and manual method is only 5,3 % (~1000$).

53



5.5 Fault Detection Rate

Electronic boards are subjected to more than one level of tests. Board test is the first level
examination which is applied to the boards. Integration and system acceptance tests are the next
levels, respectively. (As seen in figure 2.2)

Fault detection rate metric shows the rate of boards which passed the board level examination and
then rejected at either at integration or system acceptance levels.

Fault Detection Rate, = Total Board Production - Rejef:ted Boards 100 (5.5-1)
Total Board Production

Number of produced and rejected boards of the PT can be seen in Table 5.9.

Table 5.9- Production & Rejection Numbers of PT's boards

Boards # of Produced # of Rejected
Boards Boards

ml 52 3

m2 188 6

m3 48 2

m4 67 0

mS 84 1

m6 93 2

m7 71 4

m8 55 2

m9 61 3

m10 64 0

Total Production pr= 783 boards
Total Rejection pr =23 boards
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Number of Passed Boards vs. Rejected (PT)
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Figure 5.7- Distribution of Passed and Rejected boards on PT’s members

By inspecting Table 5.9 ;

Fault Detection Ratepr =

Total Board Production - Rejected Boards
Total Board Production

x100 = 97,1% (5.5-2)

Rejected Boards Vs. Passed Boards (PT)

23;2,9%

M Passed

M Rejected

Figure 5.8- Total number of Passed and Rejected boards in PT
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Number of produced and rejected boards of the PZ can be seen in Table 5.10.

500
450
400
350
300
250
200
150
100
50
0

Number of boards

Table 5.10- Production & Rejection Numbers of PZ's boards

Boards | # of Produced | # of Rejected
Boards Boards

L1 376 23

L2 165 12

L3 63

L4 138 7

L5 446 28

L6 99 4

L7 81 7

L8 48 3

Total Production p;= 1416 boards

Total Rejection ;; =88 boards

Number of Passed Boards vs. Rejected (PZ)

28

pAs)

1

12

2

5

~

a5
8

M Rejected

23

12

28

M Passed

353

153

59 131

418 95

74

45

Figure 5.9- Distribution of Passed and Rejected boards on PZ’s members

By inspecting Table 5.10 ;

Fault Detection Ratep, =

Total Board Production - Rejected Boards

Total Board Production
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Rejected Boards Vs. Passed Boards (PZ2)

88;6,2%

M Passed

M Rejected

Figure 5.10- Total number of Passed and Rejected boards in PZ

The results at 5.5-2 and 5.5-3 shows that 2,9 % of the PT’s boards and 6,2 % of PZ’s boards were
rejected by the high level tests. These rates showed that fault detection rate of proposed ATE
method is better than manual testing methods.

When a board is rejected by a high level test, this means that one of below three possibilities has
occurred.

e Operator Fault: Test operator done something wrong when applying the board test
procedure in the first time. And this cannot be detected by the test system.

e Insufficient Board Test: Applied test methods are insufficient to detect and isolate error
types that rejected boards have. When insufficiency is detected, test equipment and
software are revised immediately by the engineers.

e False Alarm: Boards are in a good condition which means system level test gave false
alarm.

To understand the reason of the rejection, one should apply the action plan which was outlined in
Figure 5.11
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In this study, board tests

Board
Rejected

A

Test Board

Passed?

\

Inspect Board

Fault
Detected?

Insufficient
Board Test

False Alarm

Figure 5.11-Rejected Board Action Plan

were run again for the rejected boards of the PT and PZ by test operators.

By this way percentage of the operator faults in overall rejections for both methodologies were

calculated.

The results of this retest action for PT’s boards can be seen in Table 5.11

Table 5.11- Distribution of Rejected Boards on Insufficient Test and Operator Faults in PT

# of # of # of # of

Boards | Produced | Rejected | Insufficient | Operator
Boards Boards | Tests Faults

ml 52 3 2 1

m2 188 6 3 3

m3 48 2 0 2

m4 67 0 0 0

m5 84 1 0 1

m6 93 2 2 0

m7 71 4 3 1

m8 55 2 2 0

m9 61 3 2 1

m10 64 0 0 0
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By inspecting Table 5.11 ;

Total Number of Rejected Boardspr =23 (5.5-4)
Total Number of Insufficient Testpr =14 (5.5-5)
Total Number of Operator Faultspt =9 (5.5-6)

Total Operator Faults
Total Rejected Boards

Percentage of Operator Faultspy = x100 = 39,1% (5.5-7)

Insufficient Tests vs. Operator Faults (PT)

m |nsufficient Tests

m Operator Faults

Figure 5.12- Insufficient Tests vs. Operator Faults in PT

The results of this retest action for PZ’s boards can be seen in Table 5.12.

Table 5.12-Distribution of Rejected Boards on Insufficient Test and Operator Faults in PZ

# of # of # of # of
Boards | Produced | Rejected | Insufficient | Operator
Boards Boards | Tests Faults
L1 376 23 3 20
L2 165 12 2 10
L3 63 0 4
L4 138 7 2 5
L5 446 28 4 24
L6 99 4 0 4
L7 81 3 4
L8 48 3 0
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By inspecting Table 5.12;

Total Number of Rejected Boardsp; =88 (5.5-8)
Total Number of Insufficient Testpy =17 (5.5-9)
Total Number of Operator Faultsp; =71 (5.5-10)

Total Operator Faults
Total Rejected Boards

Percentage of Operator Faultsp, = x100 = 80,7% (5.5-11)

Insufficient Tests vs. Operator Faults (PZ)

m [nsufficient Tests

® Operator Faults

Figure 5.13-Insufficient Tests vs. Operator Faults in PZ

From the above analysis it can be said that the proposed solution not only increases the fault
detection rate, from 93,8% to 97,1%, but also significantly decreases the operator related faults,
from 80,7% to 39,1 %. (Formulas 5.5-3, 5.5-2, 5.5-11, 5.5-7 respectively)
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CHAPTER 6

CONCLUSION

In this thesis study, benefits of modular automatic board test system design were investigated and
contributions were pointed out by using metrics.

Domain engineering principles and common design steps in the literature were investigated.
Current board test methodologies were listed by using several sources and by using this
information the border line of the thesis work had been drawn.

In order to fairly evaluate the proposed methodology, metrics that have been accepted by the
industry and published in the literature had been investigated. These metrics were explained in
detail in section 2.3. Then, the proposed methodology was applied to a specific board family and a
proper test system was implemented. The performance and efficiency evaluations of this system
were done by comparing the results of the above mentioned metrics with a specific manual test
system’s results.

In this study, one of ASELSAN’s projects which has been carried out for the Turkish Air Force
was investigated. The focused board family was chosen as the group which handles
communication, processing and digital input/output duties of the system. As proposed in chapter 0,
general purpose test equipment called ATE and board specific test equipment called BSTE were
designed in this study. In addition to this hardware, general management software (ATEMS) and
software that applies the test cases (BSTS) to the board were designed and implemented by the
ASELSAN test design department where the author is a member.

The data set that was used to evaluate the proposed system in chapter O was obtained from the
usage of the systems at ASELSAN’s MGEO factory by the author for this study.

In chapter 0, the proposed solution was compared with a manual test system which does not use the
domain engineering principles.

In chapter O it was shown that

e Proposed test system decreases the average spent time to make test system ready by
56.4%. (formula 5.1-3);

e Automatization of test procedures and methods decrease the average test run time by
76.5% (formula 5.2-3);

e Usage of device management libraries and decreases within recurring engineering duties

resulted in a dramatic reduction of the average test development time. The reduction is in
the order of 32,0% (formula 5.3-3);
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e The great amount of initial hardware investments do not increase the hardware cost of the
board tests. In contrast, decreased technician effort resulted in a reduction of the total cost.
The reduction is in the order of 5,3% ( formula 5.4-3);

e The investigations done on the rejected boards at high level tests (i.e. integration tests and
system acceptance tests) have shown that board rejection rate of the old method was 6,2%
whereas the proposed method has achieved a 2,9% rejection rate ( formula 5.5-2 and 5.5-
3

e The investigations done on the faulty boards have shown that the ratio of operator related
errors in overall errors is 80,7 % in the manual test systems, whereas this ratio is 39,1%
with the proposed solution ( formula 5.5-7 and 5.5-11).

The test system was designed to test the PT family boards, the number of the boards that belong to
the family was given as 10 in chapter 0. Presently in ASELSAN, there are 23 different board tests
which were designed and ready to be used with the implemented test system. The increase of the
number of boards from 10 to 23 clearly shows that the implemented test system fullfills the
requirements of the new family members.

As stated above, the proposed solution reduced operator related errors to 39,1% . Although it is an
improvement in terms of the test processes, future studies should aim to further reduce this ratio by
increasing the level of automation of test procedures. In this manner, the possibility of applying
image processing techniques to the board test equipment to automate the tests which require
operators’ observations, should be investigated in future studies.

To have a more precise analysis and gain more insight about process, companies should define the
test development and application steps in detail. After establishing these concrete definitions,
organizations should start to record elapsed time information for each step more accurately. In
ASELSAN’s case which is used in this study, the “test development time” data set contains the
time spent at the validation/verification, test software development, test hardware design, test
resource allocation steps. These steps are very different from each other and have different internal
dynamics. Therefore, this data set gives a general idea about development actions but it can not be
used to make deep analysis on the desired process.

This general test equipment was designed bearing all test requirements of the family in mind.
Therefore, while testing a board which requires just a few resources, remaining devices on the
system stay untouched. With increasing demand for this test system, it became inevitable to find a
way to use system efficiently. In this manner, designing a test software algorithm and apparatus for
the test equipment which will allow the test of more than one board at a time, should be considered
as a future area of work in this subject.
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1.  AMAC

1.1.

APPENDIX A

EXAMPLE OF AN AUTOMATIC TEST PROCEDURE

Bu dokiiman XXXXXX projesi kapsaminda yer alan XXXX-XXX par¢a numaralr “XXXXX”
kartina uygulanan iiretim kabul testi islemlerini ayrmtili bir sekilde anlatir ve uygulanmasini
saglar.

2. UYARILAR

2.1.
2.2.
2.3.

Bu dokiiman yalnizca XXXX-XXX par¢a numarali “Navigation 1/0” kartina uygulanabilir.
Ortam sicakliginin 2445 C, bagil nemin %25-60 olmasi gerekmektedir.

Bu dokiimanda, aksi belirtilmedikce, atifta bulunulan tiim yazilim, donanim ve
dokiimanlarin son siiriimleri esas alinir.

3. ILGILi DOKUMANLAR

3.1.

Bu birim ve test ile ilgili olarak ilisik belirtilen ve bagvurulabilecek dokiimanlar asagidaki
Tablo-1°de belirtilmistir.

Tablo 1 Referans Dokiiman ve Formlar

Dokiiman .. Dil
Dokiiman ,_
N Dokiiman Tanim
Tiirii umarast Kodu
8888 XXXXX 000 TBDK
888 XXXXX 000 SEMATIK

4. TEST DONATIMI LiSTESI

4.1.

Asagidaki Tablo-2’de verilen donatimin varhigini, 6lgiimleme (kalibrasyon) tarihlerinin gegerli
oldugunu ve son versiyon olduklarini dogrulayiniz.

Tablo 2 Test Donatimi Listesi

DONATIM P/N Firma Kalibrasyon
XXXXX Otomatik Test Cihazi T-XXX ASELSAN Gerektirir

Genel Kullanim Yazilimi, XXX TS-XXXX | ASELSAN Gerektirmez
XXXX Kart1 Test Yazilimi TS-000XX | ASELSAN Gerektirmez
XXXXX Kart1 Test Ekipmani TE-00XX | ASELSAN | Gerektirmez
BS Test Kart1 - AAAAAA Gerektirmez
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5. TEST YONERGESI

5.1

5.2.

5.3.

5.4.

5.5.

5.6.

5.7.

Test sistemi agik degil ise yesil sistem agma diigmesi ile sistemi agtiktan sonra sistem
tizerindeki tiim cihazlar1 da aginiz.
DIKKAT!

Sistem agma diigmesine basildiginda bagdastirici yatagi herhangi bir uyari verilmeksizin
kenetli ise agilacak, agik ise kenetlenecek sekilde hareket edebilmektedir. Bu nedenle {izerinde
ya da yakininda bir sey bulunmamasina dikkat ediniz.

Test bilgisayarini ¢aligtiriniz. “XXXX” kullanici adi ve “aaaa” sifresini kullanarak XXXNET
ortamina giris yapiniz.

Test bilgisayarinin masaiistiinde yer alan “Test Exec” kisa yoluna ¢ift tiklayarak test arayiiz
programini ¢aligtiriniz. Masaiistiinde bu kisa yol mevcut degil ise Start/Programs/National
Instruments/Teststand 3.5/Operator Interfaces/Labwindows-CVI menii yolu ile de program
calistirilabilir. Size 6zel verilen kullanici ad1 ve sifreyi giriniz.

Test edilecek kart1 bagdastiric1 iizerine dikkatlice yerlestiriniz. Test diizeneginde yer alan
“JTAG” konnektoriinii test edilen kartin “J1” konnektdriine takiniz. Test diizeneginde yer alan
“BSIO-JTAG” konnektdriinii BSIO kartin “J6” konnektoriine takiniz.

Pencerenin sag-iist tarafinda yer alan “Single Pass” diigmesine tiklayarak testi baglatiniz.

DIKKAT!

Devam eden adimlarda, yazilim tarafindan goriintiilenecek mesajlarda kullanicinin se¢imi
dogrultusunda bagdastiric1 yatagi -sesli bir uyari verildikten sonra- hareket edebilir.

Yazilim, sistemdeki cihazlarin varligim1 kontrol ettikten ve cihazlar ilklendirdikten sonra
bagdastirici denetlemesi yapacaktir. Sistemde, kenetli durumda bir bagdastirict yok ise yazilim
bir bagdastirici takmaniz konusunda uyaracaktir. Bu islem i¢in 5.7 adimina geginiz. Kenetli
durumda bir bagdastirict var ise yazilim mevcut bagdastirici ile devam etme ya da
bagdastiriciyr degistirme segeneklerini goriintiller. Mevcut bagdastirict TE-00XXX ise 5.8
adimina geginiz. Aksi takdirde DEGISTIR diigmesine tiklayiniz.

TE-00XXX numarali test bagdastiricisini, etiketi kendinizden tarafa gelecek sekilde ve test
sistemi konektoriiyle bagdastirict konektorii uyumlu olacak sekilde yerlestiriniz. Sistem
bagdastiric1 yatagindaki sabitleyici ¢ikintilarin bagdastirict konektoriiniin alt tarafindaki
deliklere girmesini saglaymmiz ve ardindan kilitleme kolunu kullanarak bagdastiriciyt
kilitleyiniz. Bu islem sonunda bagdastiricinin yataga diizgiin ve saglamca yerlestiginden emin
olunuz.
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5.8.

5.9.

5.10.

5.11.

5.12.

5.13.

DIKKAT!

Bagdastirici yerlesimindeki herhangi bir uyumsuzluk hem test sistemine hem de bagdastiriciya
onarilmasi giig zararlar verebilir. Bu nedenle yerlestirme islemi dikkatle ve 6zenle yapilmali,
ehemmiyeti gz ardi edilmemelidir.

Bu baglamda hasar gérmiis, farklilasmis ya da uyumsuz goriinen bagdastirici, sistem yatagi,
konektorler, baglanti elemanlari vs. var ise sistemi kullanmayip ilgililerine haber veriniz.

Bagdastirict sistem konektorii ile kenetlendikten sonra yazilim tarafindan taninacaktir. Bu
asamada ekranda goriintiilenecek mesajlari dikkatle takip ediniz. Son olarak, eger heniiz test
edilecek birimin seri numarasi girilmemis ise seri numarasi girmeniz istenecektir. Seri
numarasinin dogru girilmesi test sonuclarinin sabit diske dogru kaydedilmesi ve ilerde tekrar
ulasilabilmesi agisindan énemlidir.

Test adimlart ¢alismaya bagladiktan sonra ekranda teste 6zel mesajlar goriintiilenebilir. Bu
durumlarda yazili olarak belirtilen uyar1 ve komutlara uyarak testi tamamlayiniz.

Test bitiminde kisa test ¢iktis1 sorgusu ekrana gelecek ve onayladiginizda tek sayfa gikti
basilacaktir. Arayliz penceresinin {ist tarafindaki “Report” sekmesinde ayrintili test ciktisi
goriintiilenecektir. Bu uzun test ¢iktisin1 almak icin sekme st kisminda yer alan “Print”
diigmesini kullanabilirsiniz.

Yeni bir birim test etmek igin dnce meniiden “File/Close Execution” segenegine tiklayiniz.
Ardindan pencerenin sol tarafindaki “Sequence Files” sekmesine tikladiktan sonra 5.4 adimina
doniiniiz.

Farkli bir kullanict testlere devam edecek ise meniiden “File/Logout” segenegine tiklayiniz.
Kullanici adi ve sifre sorgulama ekrani goriintiilenecektir. Bu bilgileri girdikten sonra 5.4
adimna doniiniiz.

Teste devam etmeyecek iseniz programi kapatmak igin meniiden “File/Exit” secenegine
tiklayiniz. Sistemi tamamen kapatmak i¢in bilgisayar1 kapattiktan sonra sistem iizerindeki tim
birimleri kapatip kirmizi sistem kapatma diigmesine basiniz.

DIKKAT!
Sistem agma ve kapama esnasinda bagdastiric1 yatag: herhangi bir uyar1 verilmeksizin kenetli

ise agilacak, acik ise kenetlenecek sekilde hareket edebilmektedir. Bu nedenle lizerinde ya da
yakininda bir sey bulunmamasina dikkat ediniz.
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APPENDIX B

EXAMPLE OF A MANUAL TEST PROCEDURE

1. AMAC
1.1. Bu dokiiman XXXXX par¢a numarali “TBDK, XXXXXX” biriminin fonksiyonel test
yontemini, ayrintilt bir sekilde anlatir.

2. UYARILAR
2.1. Bu dokiiman yalnizca XXXX par¢a numarali “TBDK, XXXXX” birimine uygulanabilir.
2.2. Test edilecek karta dokunmadan 6nce mutlaka ESD bilezigini takiniz. Kartta bulunan

elemanlar durgun yiike hassas elemanlardir.

2.3. Ortam sicakliginin 2517 C, bagil nemin %25-60 olmasi gerekmektedir.

2.4, Sonunda (KAYIT) uyarisi olan paragraflarda alian tiim dlgiimler FORM-0XXX test veri
sayfasina islenmelidir.

2.5. XXXX Kart1 giic kaynaklarindan 8.00 A degerine varan akim ¢ekmektedir. Bu nedenle
test esnasinda kullandigimiz malzemelerin yalitimina ve test yonergesini eksiksiz
uygulamaya 6zen gosteriniz.

3. REFERANS DOKUMANLAR VE FORMLAR

3.1 Referans dokiimanlar ve formlar tabloda belirtilmistir.
Referans Dokiiman ve Formlar
Dokiiman Dokiiman Dil .
Tiirii Numarasi Kodu Dokiiman Tanimi
888 XXXXX 000 TBDK, XXX
888 XXXXX 000 SEMATIK, XXXX
888 XXXX 000 TEST GEREKLILIKLERI, XXXX
888 FORM-0XXX 000 XXXX Kart1 Fonksiyonel Test Veri Formu
888 TS-000XXX 000 XXX Karti Islevsel Test Yazilimi

Tablo 3: Referans Dokiimanlar ve Formlar

4. TEST DONATIMI LISTESI
4.1 Asagidaki tabloda verilen donatimlarin varligini, ayarlama tarihlerinin gegerli oldugunu ve
stirim numaralarin1 dogrulayiniz.

Donatim Model Firma Ayarlama
GOZCU-V1 Gii¢ Kart1 Islevsel Test Bagdastiricis1 | TE-00XX ASELSAN Gerektirmez.
Gii¢ Kaynag1 (32V-10 A )( veya esdegeri ) HHHH AAAAA Gerektirir.
Gii¢ Kaynagi (32V-10 A )( veya esdegeri ) HHHH AAAAA Gerektirir.
Gii¢c Kaynagi (30V-3 A )( veya esdegeri ) HHHH AAAAA Gerektirir.
Gii¢ Kaynag1 (30V-3 A )( veya esdegeri ) HHHH AAAAA Gerektirir.
Gii¢ Kaynagi (30V-3 A )( veya esdegeri ) HHHH AAAAA Gerektirir.
Sayisal Multimetre ( veya esdegeri ) HHHH AAAAA Gerektirir.

Tablo 4: Test Donatimi
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5. TEST YONERGESI

5.1

5.2.

5.3.

5.4.

Bu yonergede “KAPLAMA ONCESi TEST” ve “KAPLAMA SONRASI TEST” adimlar:
ayni adimlardir.

NOT: “KAPLAMA SONRASI TEST” durumunda kaplamaya zarar vermemek igin kart
iizerinden 6l¢iim alinmasi gereken noktalardan 6l¢iim almayiniz. Test veri formunda bu testleri
“GECTI” olarak kabul ediniz. Test veri formuna “Test Tipi” bolimiine ilgili test tipini
isaretleyiniz.

NOT: GOZCU-V1_5 Gii¢ Karti gii¢c kaynaklarindan 8.00 A degerine varan akim
¢ekmektedir. Bu nedenle test esnasinda kullandigimiz malzemelerin yalitimina ve test
yonergesini eksiksiz uygulamaya 6zen gosteriniz.

Test kutusu tizerindeki “KART_KAPALI” ve “KART BEKLEMEDE” anahtarlarinin
“ACIK” diger anahtarlarin ’KAPALI” konumda oldugunu kontrol ediniz.

Glig giris baglantilarini test bagdastiricisinin arkasindaki gii¢ giris noktalarindan belirtildigi
sekilde yapiniz, gii¢ girislerini tablodaki degerlere gore ayarlaymiz. VHARICI girisine 10 A
akim, VPIL girisine 3 A akim saglayabilen gii¢ kaynagin1 baglayarak tabloda belirtilen gii¢
girisi baglantilarint yapimniz, gerilim ve akim degerlerini tabloda belirtilen degerlere
ayarlayiniz.

Gii¢ Girisi Ad1 Giig:. ('}irisi o Akim Limiti
Gerilim Degeri

VPIL 8.00£0.05V 2.00 A
VHARICI 12.00+0.05V 2.00 A
12V_SOG_TEST | 12.00+0.05V 100.00 mA
12V_TEST 12.00+0.05V 100.00 mA
5V_TEST 5.00£0.05V 100.00 mA
5V_EKSI_TEST -5.00+0.05V 100.00 mA
3V3_TEST 330£0.05V 100.00 mA

“TBDK, XXXX ” birimini test kutusu iizerindeki yapiya Resim-1 ‘de gorildigi gibi
dikkatlice yerlestiriniz. KN1 ve KN2 konektor baglantilarini {izerlerinde belirtilen numaralara
dikkat ederek yapiniz.

Resim-1 — Test Kutusu Kart Yerlesimi
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5.5. Test sirasinda gézlemlenmesi ya da 6lgiim alinmasi istenen bazi noktalar kart {izerinde
bulunmaktadir. Bu noktalardan 6l¢iim almak igin “Resim-2” ve “Resim3” {izerinde gosterilen test

noktalarini kullaniniz.

VGIR_KRMSZ

VGIR_REG

SV_LRF_TEST
SV_LRF

LA16OS

— — LA1609
LA1604
LA1606
LA1607
5V_EKSI_TERS

LA1603

LA1601

Resim-3 — Test Noktalarinin Kart Uzerindeki Gosterimleri ( Arka Yiiz )
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5.6.

5.7.

5.8.

5.8.1.

ACIK DEVRE TESTLERI

Tablodaki noktalardan direng 6l¢iimii yapiniz. KAYIT.

Ol¢iim Noktasi “+” Olciim Noktasi “-” | Alt Ust
Kutbu Kutbu Limit Limit
VHARICI VGIR_RTN 1.0kQ | -
VPIL VGIR_RTN 1.0kQ | -
VHARICI VPIL 1.0kQ | -
VGIR_KRMSZ VGIR_RTN 1.0kQ | -
(Resim-2)
VGIR VGIR_RTN 1.0kQ | -
VGIR_REG VGIR_RTN 1.0kQ | -
(Resim-2)
KART_KAPALI VGIR_RTN 1.0kQ | -
12V_SOG GND 1.0kQ | -
12v GND 1.0kQ | -
5V GND 75 Q 90 Q
5V_EKSI GND 05kQ | -
3Vv3 GND 40 Q 60 Q
3V3_DNTM GND 1.0kQ | -
(Resim-2)
5V_LRF GND 1.0kQ | -
KART_BEKLEMEDE | GND 1.0kQ | -
KISA DEVRE TESTLERI

Tablodaki noktalardan direng 6l¢limii yapiniz. KAYIT.

Ol¢iim Noktas1 “+” | Olciim Noktas1 “-” | Ol¢iim Limiti

Kutbu Kutbu (ohm)

GND VGIR_RTN <2.0Q

12V_SOG 12V_SOG _TEST <2.0Q

12v 12V_TEST <2.0Q

3Vv3 3V3_TEST <2.0Q

5V 5V_TEST <2.0Q

5V_EKSI 5V_EKSI_TEST <2.0Q

GUC GiRiSi TESTLERI

“VPIL” Girisinden Cekilen Akim Kontrolii:

“KART_KAPALI” anahtarini “KAPALI” konumuna getiriniz.

“KART BEKLEMEDE” anahtarin1 “BEKLEMEDE” konumuna getiriniz.
“VPIL” anahtarin1 “ACIK” konumuna getiriniz.

Gii¢ kaynagindan ¢ekilen akim degerini 6l¢iintiz. KAYIT.

Gii¢ Girisi Ad1

Alt Limit

Ust Limit

VPIL

0.00 mA

20.00 mA
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“VPIL” anahtarin1 “KAPALI” konumuna getiriniz.

5.8.2. “VHARICI” Girisinden Cekilen Akim Kontrolii:

“VHARICI” anahtarin1 “ACTK” konumuna getiriniz.

Gii¢ kaynagindan ¢ekilen akim degerini 6l¢iiniiz. KAYIT.

Giic¢ Girisi Ad1

Alt Limit

Ust Limit

VHARICI

0.00 mA

20.00 mA

“VHARICI” anahtarin1 “KAPALI” konumuna getiriniz.

5.9. SICAKLIK ALGILAYICILARI TESTi

NOT: Sicaklik algilayicilar1 testinde Olgiilen sicaklik degeri test kutusunun 6n yiiziinde
bulunan ekranda say1 olarak yazacaktir. Resim-4 ‘e gére U1501 algilayicisindan 6lgiilen deger
26 °C, U1503 algilayicisindan 6lgiilen deger ise 28 °C ‘dir. Yani sagdaki iki basamakli rakam
ilk 6l¢timi, diger 2 basamakli rakam ise ikinci 6l¢iim degerini gostermektedir.

Ayrica iki adet uyar1 kodu vardir.

2. Olgim

Resim-4 — Sicaklik Algilayict Bilgisi

1. Blgiim

e EI1E1: Hat iizerinde bulunan iki algilayici ile de haberlesme yapilamadigi

anlamina gelmektedir.

e E2: Algilayicilardan biri ile haberlesme yapildigi digeri ile haberlesme
yapilamadigr durumdur. Uyarmin yazdigi taraftaki algilayici ile haberlesme

kurulamamis demektir.

5.9.1.  SIC_OLC_IC Sicaklik Algilayici1 Hatt1 Testi

“VPIL” anahtarimi “ACIK” konumuna getiriniz.

“KART_KAPALI” anahtarin1 “ACIK” konumuna getiriniz.

“KART_BEKLEMEDE” anahtarin1 “ACIK” konumuna getiriniz.
“ALGILAYICI” anahtarmi “ SIC_OLC_IC ” konumuna getiriniz.
“SICAKLIK TEST” anahtarin1 “ACIK” konumuna getiriniz.

Tablodaki 6lgiimleri aliniz. KAYIT.

73



Algilayic1 Adi | Alt Limit | Ust Limit
U1501 16 °C 50 °C
U1503 16 °C 50 °C

e  “SICAKLIK TEST” anahtarin1 “KAPALI” konumuna getiriniz.

5.9.2. SIC_OLC_DIS Sicakhik Algilayic1 Hatti Testi

e  “ALGILAYICI” anahtarim “ SIC_OLC_DIS ” konumuna getiriniz.
“SICAKLIK TEST” anahtarin1 “ACIK” konumuna getiriniz.
Tablodaki 6l¢iimleri aliniz. KAYIT.

Algilayic1 Ad1 | Alt Limit | Ust Limit
U1502 16 °C 50°C
uU1504 16 °C 50°C

“SICAKLIK TEST” anahtarim “KAPALI” konumuna getiriniz.
“KART_BEKLEMEDE” anahtarini “BEKLEMEDE” konumuna getiriniz.
“KART_KAPALI” anahtarin1 “KAPALI” konumuna getiriniz.

“VPIL” anahtarin1 “KAPALI” konumuna getiriniz.

5.10.  12V_SOG SINYALI CIKIS HATA TESTLERI

5.10.1. SW1001 Anahtar1 Kontrolii

Kart {izerinde bulunan SW1001 anahtarinda 1, 2, 3, 4, 5 numarali anahtarlar1 yukari
konumuna ( OFF konumuna ) getiriniz.

Resim-5 — Anahtarlar OFF konumunda

Tablodaki noktalar arasindan direng dlgiimii yapiniz. KAYIT.
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Olgiim Noktas1 “+” | Olciim Noktas: “-” Alt Limit | Ust Limit
Kutbu Kutbu

12V _SOG 12V_SOG _TEST 100kQ |-

12v 12V_TEST 10.0 kQ -

3V3 3V3_TEST 10.0 kQ -

5V 5V_TEST 10.0 kQ -
5V_EKSI 5V_EKSI_TEST 100kQ |-

5.10.2.

5.10.2.1.

“12V_SOG_TEST”, “12V_TEST”, “3V3_TEST”, “5V_TEST”, “5V_EKSI_TEST”

anahtarlarmi “ACIK” konumuna getiriniz.
Tablodaki 6l¢timleri aliniz. KAYIT

Olgiim Noktasi “+” Olgiim Noktasi “-” | Alt Limit | Ust Limit
Kutbu Kutbu

12V_SOG_TEST GND 11.900 V 12.100 V
12V_TEST GND 11.900 V 12.100 V
3V3_TEST GND 3.200V 3.400 V
5V_TEST GND 4.900 V 5.100 V
5V_EKSI_TEST GND -5.100 V -4.900 V

“12V_SOG_YUKI1” anahtarin1 “ACIK” konumuna getiriniz.
“VPIL” giris gerilimini “8.00 V” degerine ayarlayiniz.
“VPIL” anahtarin1 “ACIK” konumuna getiriniz.

“KART_KAPALI” anahtarin1 “ACIK” konumuna getiriniz.

“KART_BEKLEMEDE” anahtarin1 “ACIK” konumuna getiriniz.

12V_SOG Gerilimi Yiiksek Gerilim Hatas1 Testi

Tablodaki noktalardan 6l¢iim alimiz. KAYIT.

12V_SOG_TEST gerilimini 12.000 V degerine ayarlayimiz.

Olciim Noktas1 “+” | Ol¢iim Noktas1 “-” | Alt Ust
kutbu kutbu Limit Limit
GUC_CIKIS_HATA | VGIR_RTN 7500V | 8.000 V

5.10.2.2.12V_SOG_TEST gerilimini 12.453 V degerine ayarlaymiz.

Tablodaki noktalardan 6l¢iim alimiz. KAYIT.

Olciim Noktas1 “+” | Olgiim Noktas1 “-” | Alt Ust
kutbu kutbu Limit Limit
GUC_CIKIS_HATA | VGIR_RTN 7500V | 8.000 V
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5.10.2.3.12V_SOG_TEST gerilimini 13.356 V degerine ayarlayimiz.

Tablodaki noktalardan 6l¢tim alimiz. KAYIT.

Olgiim Noktas1 “+” | Olgiim Noktas1 “-” | Alt Ust
kutbu kutbu Limit Limit
GUC_CIKIS_HATA VGIR_RTN 0.000 Vv 0.200 V

Kart lizerindeki ikaz 1giklariin durumlarini kontrol ediniz. KAYIT.

ikaz Ing1 Adi | Tamm Gozlem
LA1601 VGIR_REG Kapali
LA1602 12V_SOG Kapali
LA1603 12v Kapali
LA1604 3Vv3 Kapali
LA1605 5V Kapali
LA1606 5V_EKSI Kapali
LA1607 3V3_DNTM Agik
LA1608 KILIT_UYARI | Kapali
LA1609 5V_LRF Kapali

5.10.2.4. 12V_SOG_TEST gerilimini 12.000 V degerine ayarlayiniz.

Tablodaki noktalardan 6l¢tim alimiz. KAYIT.

Olciim Noktas1 “+” Olgiim Noktasi “-” | Alt Ust
kutbu kutbu Limit Limit
GUC_CIKIS_HATA VGIR_RTN 0.000V 0.200V

Kart lizerindeki ikaz 1giklarmin durumlarini kontrol ediniz. KAYIT.

ikaz Isipy Ad1 | Tanim Gozlem
LA1601 VGIR_REG Kapali
LA1602 12V_SOG Kapali
LA1603 12v Kapali
LA1604 3Vv3 Kapali
LA1605 5V Kapali
LA1606 5V_EKSI Kapali
LA1607 3V3_DNTM Atk
LA1608 KILIT_UYARI | Kapal
LA1609 5V_LRF Kapali
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= “KART BEKLEMEDE” anahtarini “BEKLEMEDE” konumuna getiriniz.
o “KART_KAPALI” anahtarini “KAPALI” konumuna getiriniz

e “KART_KAPALI” anahtarimi “ACIK” konumuna getiriniz.
e “KART_BEKLEMEDE?” anahtarin1 “ACIK” konumuna getiriniz.

Tablodaki noktalardan 6l¢giim alimz. KAYIT.

Olciim Noktas1 “+” | Olgiim Noktas1 «-” | Alt Ust
kutbu kutbu Limit Limit
GUC CIKIS_HATA | VGIR RTN 7500V | 8.000 V

Kart tizerindeki ikaz 1siklariin durumlarini kontrol ediniz. KAYIT.

Ikaz Isig1t Ad1 | Tamm Gozlem
LA1601 VGIR_REG Ak
LA1602 12V_SOG Acgik
LA1603 12v Agik
LA1604 3Vv3 Agik
LA1605 5V Acik
LA1606 5V_EKSI Acgik
LA1607 3V3_DNTM Agik
LA1608 KILIT_UYARI Kapali
LA1609 5V_LRF Acgik

5.10.3. 12V_SOG Gerilimi Diisiik Gerilim Hatasi Testi

5.10.3.1. 12V_SOG_TEST gerilimini 11.593 V degerine ayarlayiniz.

Tablodaki dl¢timleri alimz. KAYIT.

Olciim Noktas1 “+” Olgiim Noktasi “-” | Alt Ust
kutbu kutbu Limit Limit
GUC_CIKIS_HATA VGIR_RTN 7.500 VvV 8.000V

5.10.3.2.12V_SOG_TEST gerilimini 10.810 V degerine ayarlaymiz.

Tablodaki dlgtimleri alimiz. KAYIT.

Olciim Noktasi “+” | Olgiim Noktas1 “-” | Alt Ust
kutbu kutbu Limit Limit
GUC_CIKIS_HATA VGIR_RTN 0.000 V 0.200 vV
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Kart lizerindeki ikaz 1giklariin durumlarini kontrol ediniz. KAYIT.

ikaz Ing1 Adi | Tamm Gozlem
LA1601 VGIR_REG Kapali
LA1602 12V_SOG Kapali
LA1603 12v Kapalt
LA1604 3Vv3 Kapali
LA1605 5V Kapali
LA1606 5V_EKSI Kapalt
LA1607 3V3_DNTM Atk
LA1608 KILIT_UYARI | Kapali
LA1609 5V_LRF Kapalt

5.10.3.3.12V_SOG_TEST gerilimini 12.000 V degerine ayarlaymiz.

Tablodaki 6l¢iimleri aliniz. KAYIT.

Olciim Noktas1 “+” | Ol¢iim Noktas1 “-” | Alt Ust
kutbu kutbu Limit Limit
GUC_CIKIS_HATA | VGIR RTN 0.000V | 0.200V

Kart tizerindeki ikaz 1s1iklariin durumlarini kontrol ediniz. KAYIT.

ikaz Ing1 Adi | Tamm Gozlem
LA1601 VGIR_REG Kapali
LA1602 12V_SOG Kapali
LA1603 12v Kapali
LA1604 3V3 Kapali
LA1605 5V Kapali
LA1606 5V_EKSI Kapali
LA1607 3V3_DNTM Acik
LA1608 KILIT_UYARI Kapali
LA1609 5V_LRF Kapali

= “KART_BEKLEMEDE” anahtarin1 “BEKLEMEDE” konumuna getiriniz.
= “KART_KAPALI” anahtarin1 “KAPALI” konumuna getiriniz

=  “KART_KAPALI” anahtarin1 “ACIK” konumuna getiriniz.
e “KART_BEKLEMEDE?” anahtarini “ACIK” konumuna getiriniz.

Tablodaki noktalardan 6l¢tim aliniz. KAYIT.

Olciim Noktas1 “+” | Olgiim Noktas1 “-” | Alt Ust
kutbu kutbu Limit Limit
GUC_CIKIS_HATA VGIR_RTN 7.500 V 8.000 V
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5.11.

Kart tizerindeki ikaz 1giklarinin durumlarini kontrol ediniz. KAYIT.

ikaz Ing1 Adi | Tamm Gozlem
LA1601 VGIR_REG Atk
LA1602 12V_SOG Acik
LA1603 12v Agtk
LA1604 3V3 Atk
LA1605 5V Acik
LA1606 5V_EKSI Acgtk
LA1607 3V3_DNTM Atk
LA1608 KILIT_UYARI | Kapali
LA1609 5V_LRF Agtk

TEST SONLANDIRMA KONTROLU

5.11.1. SW1001 Anahtar1 Kontrolii

Kart tizerinde bulunan SW1001 anahtarinda 1, 2, 3, 4, 5 numaral anahtarlar1 asagi konumuna (ON

konumuna) getiriniz.

Tablodaki noktalardan direng dl¢iimii yapiniz. KAYIT.

Resim-6 — Anahtarlar ON konumunda

Ol¢iim Noktas: “+” Ol¢iim Noktasi “-” Olciim Limiti (ohm)
Kutbu Kutbu

12V_SOG 12V _SOG _TEST <200

12v 12V_TEST <2.0Q

V3 3V3 TEST <200

5V 5V_TEST <2.0Q

5V _EKSI 5V _EKSI_TEST <200

5.11.2. ikaz Isiklar1 Kontrolii

e “VPIL” anahtarin1 “ACIK” konumuna getiriniz.
e  “KART_KAPALI” anahtarin1 “ACIK” konumuna getiriniz.
e “KART_BEKLEMEDE” anahtarint “ACIK” konumuna getiriniz.
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Kart lizerindeki ikaz 1giklarii kontrol ediniz. KAYIT.

ikaz Ing1 Ad1 | Tamm Gozlem
LA1601 VGIR_REG Atk
LA1602 12V_SOG Atk
LA1603 12v Agtk
LA1604 3v3 Atk
LA1605 5V Agtk
LA1606 5V_EKSI Agtk
LA1607 3V3_DNTM Atk
LA1608 KILIT_UYARI | Kapali
LA1609 5V_LRF Agtk

= “VPIL” anahtarin1 “KAPALI” konumuna getiriniz.

= “KART _BEKLEMEDE” anahtarinit “BEKLEMEDE” konumuna getiriniz.
=  “KART_KAPALI” anahtarini “KAPALI” konumuna getiriniz

= “12V_SOG_YUKI1” anahtarini “KAPALI” konumuna getiriniz.

Yeni bir kart testi icin 5.1 test adimina gidiniz.
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