Acﬁvanmd $C ence amd Techm ogy Lett@rs ASTL 27

ience am:l Engmeering
~ Research Support soCiety




Auto-Exposure Control Method for a Stereo Camera using Gaussian
SAMPLINE e s et e e nan 140
Hyun-Woo Kim, Soon Kwon, Jung Je-Kyo, JaeWook Ha

Data Fusion with Reduced Calculation for Contextual Inference....................... 146
Donghyok Suh, Jeongbong You

Model Driven Architecture for Mobile Device Services ...ouumvmeevvereeveereeeerennnns 153
Regin Joy Conejar, Haeng-Kon Kim

Component based and Model Driven Development for Mobile Product Line...160
Yveite Gelogo, Haeng-Kon Kim

A Sensing System to break away from a Region using Location-Based
SEIVICES .viviriuciirireriiiistntssesee st eserestses e s e e saesess e s s ssessssssssnsssasssssensasasssnonees 168
Byungkook Jeon, R. Young Chul Kim

API Development for Efficiently Mapping between SEDRIS and Simulation

Y BRI s uaursssasvunssasnsovsansassussssdian s soaves s usaaaH oV SN Fe oA PR RN Hs 172
Hyun Seung Son, R. Young Chul Kim, In-geol Chun, Jae Ho Jeon,
Woo Yeol Kim

Goal Oriented Requirements Extraction with Hybrid Approach Based on both
Custanmier & User Netls . cumsunmmnamsarasssm s i s haiisistiimms 177
Bokyung Park, R. Young Chul Kim, Byungho Park

Empirical Practice of Embedded Software Quality Improvement for
managing water resource system based on ISO/IEC 9126 .......cccocvvervvenrerernnns 180
Kidu Kim, R.Young Chul Kim

Template Design of Automatic Source Code Generation based on Script
Language used in Cloud Robot Compiling Environment..........cccuvvevevveveenennene 184
Woo-Sung Jang, R. Young Chul Kim

Efficient Mobile Business Development based on Business Process

FrameWOTK ....oeoeeeeececrc st 188
Chaeyun Seo, R. Young Chul Kim, Jae H. Lee

A Study of the Evolution of Wireless Communications for SCADA Systems ..192
Minkyu Choi

A Study of the Integration of Hierarchical Mobile Networks for SCADA
L1 T T LSRR BI S S——EE— 196
Minkyu Choi, Ronnie D. Caytiles



Empirical Practice of Embedded Software Quality
Improvement for managing water resource system based
on ISO/IEC 9126

Kidu Kim', R.Young Chul Kim?

! Telecommunications Technology Association, 47, Gyeonggi, Korea
kdkim@tta.or.kr'
2 Dept. Of CIC(Computer and Information Communication), Hongik University,
Sejong Campus, 339-701, Korea
bob@hongik.ac.kr®

Abstract. According to the experience in testing department for many years,
software testing in a company is usually verifying the completeness of
developed code before product release. The program, which has shipped
without verification of non-functional defects, causes user inconvenience. In
this paper, we describes empirical practice for quality improvement of water
resources management system based on ISO/IEC 9126 including developer-
centric functional test.
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1 Introduction

In my software testing experience in TTA(Telecommunications Technology
Association), most software companies had lack of testing capability. Especially in
the area of embedded system, there are lots of knowledge for development, not for
testing and management. Because a product is released only after verifying source
code, it has latent faults of usability which causes the end user inconvenience.

The TEmb[1] method is published in the book Testing Embedded Software by Bart
Broekman and Edwin Notenboom. TEmb is a method that helps to assemble a
suitable test approach for a particular embedded system. It provides a mechanism for
assembling a suitably dedicated test approach from the generic elements applicable to
any test project and a set of specific measures relevant to the observed system
characteristics of the embedded system.

2  Related works

ISO/IEC 9126 defines terms for the software quality characteristics and how these
characteristics are decomposed into sub-characteristics (Figure 1). The sub-
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characteristics can be measured by internal or external metrics. Software quality can
be evaluated by measuring internal attributes (typically static measures of
intermediate products), or by measuring external attributes (typically by measuring
the behavior of the code when executed).

I | | I | |
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Fig. 1. ISO/IEC 9126 Software product quality [2]

An embedded system is a computer system with a dedicated function within a
larger mechanical or electrical system, often with real-time computing constraints
such as cellular phone, railway signaling system, hearing aid, missile tracking system.
An embedded software is sometimes used interchangeably with firmware, although
firmware can also be applied to ROM-based code on a computer, on top of which the
OS runs, whereas embedded software is typically the only software on the device in
question. Figure 2 shows a generic layout, which is applicable to virtually all
embedded systems.

Embedded software testing shares much in common with application software
testing. Developer codes a software, compiles, and tests to check the function. This is
a developer centric test and is not sufficient to reduce latent faults.

There are just few embedded software testing methodologies. TEmb uses the four
cornerstones of structured testing as defined by the test management approach TMap

3 Testing embedded software for water resource management system

There are sequences for testing. : 1. Preparation, 2. Analysis & Design, 3. Testing, 4.
Regression test, 5. Reporting.

Product under test is a water resource management system, which controls water
level of a dam, and monitors condition. It requires real-time commands and controls,
but we use both simulated system and real system for testing.

With consideration of the characteristics of embedded software, we wrote test
cases, and added more test cases in progress of testing. The test case has a unique ID,
expected result, and execution result.
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Fig. 2. Testing environment (simulated system and real system)

When performing the test, we found several faults, and classified based on ISO /
[EC 9126 quality characteristics. We found 90 faults on 4 quality
characteristics(functionality, reliability, usability, portability)(Figure 3)

60

Funchonokty Reliabifity Rudiability Usebilty Maintainability Portabildy

Queity Characteristics

Fig. 3. Faults per quality characteristics

There was 4 patches to fix all found faults. In 1* stage, developer fixed faults
without information of quality characteristics. After 2" stage, developer fixed faults
with information of quality characteristics. Rate of patch was only 6% in 1* stage, but
68% in 2" stage.(Table 1).

Table 1. Rate of Patch

Content 1st stage 2nd stage 3rd stage 4rd stage
Rate of Patch 6 % 68 % 80 % 100 %
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So providing information of quality characteristics helped developer to
comprehend what was error. We also found latent fault, during patch.

4  Conclusion

Previous embedded software testing was verifying source code using functional
testing. Therefore, actual testing was not sufficient except program function. In this
paper, we tested an embedded system for water resources management based on ISO /
IEC 9126. As a result, providing information of quality characteristics improves
efficiency of modification 60%, and prevents mistakes of developer’s modification.
However, even one case study of ISO/IEC9126 based test is not sufficient. Later, we
will derive items to improve the quality except the quality characteristics of ISO / IEC
9126.
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