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Abstract

Objective )

The purposc of this paper is to describe the meaning and the challenges of verification and
validation {(V&V) in the fast cycle electronics product development. In addition, some
practical ideas of how to improve the efficiency of V&V in the high volume mobile terminal
development are presented.

Introduction

Market share, average sales price and profit margins are the key drivers in the cellular
terminal business. We can easier meet these goals by launching more new and mnovative
models than competitors, that means all the time sherter and shorter design eycles, The
mobile terminal business is moving towards more demanding digital convergence business
with changing requirements related to product performance, closer customer involvement, and
usage of more subcontracting. This change in the business environment has increased the
importance of efficicnt product creation processes including V&V,

Contributions

This study is mostly based on author’s several years of practical experience in the clectronics
products development industry as Decsign Engincer and also as Process Development
Manager. In this paper, we introduce verification methods where analysis, including
mathematical models and simulation, and ¥esting arc combined in optimum, This study is
based on the appliance of the iterative design modcels.

Key Conclusions

Right timing and integrating verification & validation as part of the design work can improve
the whole product development eftort remarkably including product development cost and
time-to-market. Verification can be done, even without having a physical sample available, by
analysis, comparison, and asscssment, which are often more cost efficient methods than
physical t1esting |Gilb & Graham 1993].
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1 Introduction, Business Situation

Wireless telecommunication industry is changing and developing very rapidly. The popularity
of wircless communication has grown remarkably during the last few years. Currently the
usage penetration of mobile terminals in many countries is over 90% and practically in all
industrialized countrics over 50 %. The worldwide sales reached up to 520 Million pieces in
2003 and has been estimated to exceed 580 Million in 2004 [Gartner Dataquest 2004). The
huge amount of mobile phones in use naturally means that the product quality and reliability
must be high to prevent very cxpensive tepairing costs. Pesonen [2001] estimates that
replacing a single mobile phone in the field costs about 2 §0€ which includes the replacement
device (170€) and the handling (40€) costs,

The large user population means also that practically all kind of people use mobile terminals

in all possible ways and environments. V&V plays a vital Tolc in cnsuring that products meet
the usage environment, quality and 7¢ tability requirements.

1.1  Competitive Market

In the huge cellular terminal market the competition between different manufactures has
become very rigerous and reduced the profit margins remarkably. However, both market
share and profit margins are the driving forces in ccllular terminal business. One way rying to

i, g

increase the _market_share is to_launch as many new competitive models as possible.

Practically this means that the product development must be very short. For Sxampie,
Samsung has announced to introduce 100 new mobile products a year [Choong 2002]. This
naturally means, that the product development time at Samsung is very short, The company
claim that it takes, in average, only five months to go from new product concept to the rollout
of a new product. The product development time was just six years ago 14 months in average
[Edwards 2003]. Similarly Nokia has stated already several years ago that product
development may take no more than 9-12 months and in the future the time must be reduced
without remarkable increase in R&D costs [Neuvo 1997]. Figure 1 illustrates the importance
of the short time-lo-markct. The shaded curve represents typical product life ¢ycle of about
four years with a ramp-up in the beginning, a peak after three years, and a ramp-down in the
end, The white curve illustrates about 45% faster development time, We can see in the picture
that bringing a product to the market sooner, not only generates incrementally higher sales,
but also maintains higher sales volume during its life cycle [MeGrath 1996].
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Figure 1, Product life cycle curves for normal and faster time-to-market. Adapted from [MeGrath 1996,
pA].
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1.2 The Need for Early Error Fixing

To detect and correct errors in the design as early as possible before ficld usc is very
beneficial. The figure 2 illustrates Bochm’s [1981] study of how the cost of correcting errors
increases when the project moves from requirements phase towards field use. The crror
correction in the ficld operation might cost up to 1000 times more than at the requirements
phase.
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Figure 2, The cost of fixing errors increases when the project is moving towards ficld use. Data from the
analysis of 63 projects |Bochm 1981].

In addition to Boehm’s study also Neuvo [1997] states thal one of the most expensive stages
in product development is the iteration work donc close to the end of the development
process.

We can conclude that fast product development & early error correction are among the most
important issues in the product development. This stidy is tocusing on the methods of how
V&V can contribute to these targets.

1.3 Verification
Verification has widely been accepted to be as “'proof of compliance with specifications”.
However, it is not understood so well that verification can be determined by test, inspection,
demonstration, and analysis [Mooz et al 2003]. The guestion to be answered by verification is
“Are we doing things right way?” ( ) )
Ts biis selicion ai- cor pompeie?
1.4 Validation » - S
The purpose of Validation is to answer the questions: “Arc we doing right things for the
Customer?” and “Is this product behaving as the Customer expects?” Validation can also be
defined as end-to-end verification to show that the whole system mects its requirements under
operational conditions [Stevens et al, 2000].

1.5 The Purpose of Verification and Validation in Product Development

The purposc of V&V is, in broad sense, to supply information from the design to the
management and designers for their decision-making.

We can divide the product devclopment into four main phases, which are technology
development, product development, pre-production and mass production. In the technology
development phase V&V checks that the technology is ready for integration, the product
V&V ensures that the design is ready for manufacturing, early production verification checks
that the manufacturing process is correct, and finally in the mass production V&V cnsurcs
that the quality of the products is within certain limits which means that the manufacturing

L
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process is in control. Figure 3 illustrates the main development phases with different V&V
activilics.

End Technology ready Design ready Manufacturing Manufaciuring
t_. or for process process
Goa integration manufacture correct stilt OK

Design verihcation & vakidation

Production verification

Verify components and R&D builds verify first Stanstically verify
production units proguction units

Figure 3. Design and production verification, adapted from |Stevens et al. 2000, p.135)

2 The Mc¢thods of Verification and Validation

Stevens ct al. [2000] have divided the different verification methods into Testing, Analysis,
Comparison, and Assessment, which are illusirated in figure 4 and further discussed in the
following chapters.

Checks functions, inferfaces, compalibility

Functional {e.g. EMC), and performance reqiriremeants

Pearformed in conditions similar to the operational

Test Environmentat eirvironment (e.g. temperature, Vibration and hurnidity)

Reliability Esfimates the fife fime and reliability of a product or g
component using, as usually, accelarated tast methods

: Mathamatical models, analysis using soflware,
Analysm simidation {8.g. thermal and drop test)

. Re-use of componants praviously vetified on another
Comparlson systein against agtivalent requirements (e.g. display
module and type approval for copy products)

Assessment Inspoction, damonstration or review

Figure 4, Different metheds of verification, adapted from |Stevens et al. 2000, p. 124

2.1 Testing

Testing is the most common V&V method 1o check the complete system or part of it. Testing
includes functional, environmentat and reliability tests.

2.1.1 Functional Test

The main purpose of the functional testing is to detect failurcs for error removal purposes in
order to create a working design. Functional tests check that the design meets interface,
compatibility and performance requirements. Error detection and removal should happen next
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lo each other in order to keep the feedback loop as short as possible. For cxample, Microsofl
continuously uses pairs of developer and lesting persons in product crcation, This close
relationship between testing and design is said to be one of the main reasons of the success of
Microsoft [Cusumano@}‘}.

2.1.2 Environmental Test

The purpose of the environmental testing is to ensurc that the design works in the real usape
conditions. Environmental tests include, for example, low and high temperatures, vibration,
air pressure, and solar radiation,

2.1.3  Reliability Test

Reliability testing estimates the lile time and field error rate of the design. Typically the
reliability estimation must be done in a shorter time scale than the real lifetime of the design
will be. For example, if the product is supposed to be functional in the field for 7 years, the
test time certainly must be much shorter. As usual, different kind of accelerated methods are
used to shorten the test time. Many environmental tests can be applied for reliability
estimation if the severity of cach test is adjusted in a proper way and sample size is
reasonable.

| Lines .
2.2 Analysis Ufj{_'_‘) (!1(’.‘9\(\ L

Mooz ct al. [2003] define the analysis as follows "The critical and careful evaluation of a
situation or problem”. Analysis does not demand physical prototypes of code 10 be checked
but can be dong using discussions, documentation, mathematical models, and simulations.
Verification by analysis should be applied as much as possible to minimize the need of
physical tcsts because normally it is much more cost efficient. However, testing cannot be
removed completely because it is needed to upddte the simulation model {inally. Figure 5
illustrates the linkage between simulation and tcstm\g In optimum case the design is verified
onty by simulation without testing the physncal\samplc Testing is only used for the
adjustment of the simulation model. 3
time e;tljuorzm

Design is
verified by
simulation

Physical sample is
created and tested in
order to adjust the

simulation motlel

Figure 5. The deslgn Is verified by simulatiun and the simulation model is wpdated by testing the physical
sample

2.3 Comparison

Verification by comparison can bc utilized where a product, sub-system or component has
been verified earlier and can be re-used again in a new sysiem. For example, if the key
material of a mobile terminal has been verified once, it is not needed 1o repcat it in any other
development projects, which are applying the same material similar way. In the optimum case
the matcrial supplier has verified the material using the requircments sct by thc mobile
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terminal manutacturer, Similarly, type approval testing can be shortened, or even removed, by
re-using the resuits of similar products tested earlier. Verification by comparison can be done
at alt design phascs.

2.4 Assessment

Verification by assessment includes inspection, demonstration and review. These methods
veri{y that requiremenis are met without the need of physical testing at carly phase. As usual,
the working testable prototypes do not even exist during this phase. However review can be
dong at every phase of the devclopment projeet.

Gilb and Graham [1993] define the inspection as a method to only examine static documents,
In addition, Mooz et al. [2003] state that verification by inspection can be carried oul in a
situation where the specifications are casily observed, such as programming language or
physical characteristics like color and shape. The inspection phases are carried out before the
testing phascs, Figure 6 illustrates the inspection and testing in a software development
projeet.

Requice-
ments

Tost Test
Plais

f (Acceptance’
[\ Testing

Figure 6, Inspection cun only examine static documents, testing can look at the end produci. Adapted
from [Gilh & Graham 1993, p. 11].

However, inspection does not replace testing and testing docs not detect all errors found in
inspection. Defects found by inspection, before testing, probably save the total error
correction effort. [t is obvious that the errors inserled late cannot be found by inspection.
Figure 7 illustrates how inspection and testing accompany each other.

Figure 7. Inspectlon and testing complement each other in the defect removal business adapted from [Gilb
& Graham 1993, p. 12|

In the demonstration some of the functionality of the system is prescnted to the End User in

order to get his or her acceplance for further development, Often the functionality is
demonstrated using completely another equipment than the product to be developed.
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3 Verification and Validation in the System Development Models

In the traditional system development models, like in the Waterfall and Spiral models as weil
as in the Concurrent Engineering process, V&V happen at the late stage after product
integration phasc. These models do not focus on component and module verification
comprehensively, which can cause lale error detection & resolving. This can lead to delays in
the product launch. Stevens ct al. [2000] have highlighted several benefits of early
verification: - Faulis and root causes are easy to locate,

- There is time to corect problems and adjust other components to cope with

the deficiencies detected,

- Teslts can be more severe,

- Verifications can be performed more quickly,

- Verifications can be carried out in paralle]l without waiting the turn to work

on the system, and

- Component testing encourages clear interfaces, modularity and re-use,
The iterative models seem to provide better approaches than the sequential ones, because the
error detection & debugging loop is shorter, and they can be used in turbulent environment
with changing requirements. We sclected 1o apply the V-model as our framework when trying
to increase the efficiency of V&V in the mobile terminal development,

3.1 The V-Model

The V-model is widely used in software development [Spillner 2000] but it can be applied for
hardware and mechanics development as well. For example, the guideling VDI 2206, explains
how the V-model can be applied in the mechatronics design [Gausemeier et al. 2001]. In the
V-model V&V planning and implementation happen at cach design phasc without waiting the
full system integration.

Figure 8 illustrates the product development V-model. The left hand side of the Vee
describes how the systcm design work starts from End User requirement for the complete
system and flows down to detailed component, code, material requirements and V&V plans.
The right hand side of this model illustrates how to fabricate, integrate and vernfy
compenents, subsystcms and finally the complete system. The thickness of the Vee describes
the amount of the workload invelved at each phase. Thus the model encourages us to focus on
component and subsystem level requirements definition and V&V implementation.
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Figure 8. The V-+-model Mooz et al, p.38, 2003} Whe o e oge LhYg
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The leveling structure of the design models guides us at which level each of the requirements
will be checked. Is it done by verifying the full system, subsystem or smaller unit (or any
combination}. The system level verification has plenty of challcnges, like it is expensive, time
consuming, tics up the whole system, and produces faults, which are difficult to locate and
diagnose. In addition, the system level testing cannot stress individual component etficiently

. - L
[Stevens et al. 2000, p.120]. \\‘(""C} ‘nch ?

4 Practical Examples of how to Improve Verification and Validation

4.1 implementation of the V-model in the Mobile Terminal Development

The figure 9 illustrates how the V-model can be applied in mobile terminal display
development. We are using seven design levels to cover all design activities from the material
development up to the development of full mobile terminal system for the End User. The
“product” column lists the products or deliverables created at each level. These are, for
cxample, a complete mobile device sales package, a disptay module, or glass material for a
LCD. The “requirements” column, which is the left hand side of the Vee, lists requirements
for each development level including use environment, module and material specifications,
The last two columas “simulation” and “testing” are the verification activities and illustrate
the right hand side of the V-model.

Product \anulnm ant / Verification
SHO8 ] ... TS,
Level 6 - E;;quclcuncegt: 56 cases, Usa,
i 4 Usage
Salas packags, environment slmﬂhl‘ion ,‘ Fleld tasting
i
Froduct Orop tast H
Level 5 - Prodiet: Imaging raquiraments simulation fur ;' rmtqur.l drep
Bhene ‘prnducl § lasing
Syst FEM model fcirirs e Lesl!
LOD-miod slern lesling
Level 4 — system: Display solulion sporlllwuun mt&s-r:areqme Y

. Acxdule FEM model for § Modula testl
Level 3 — Modula: Disptay Moduls \ spacificalion \ /LGD module ‘f na

FEM model fol
Level 2 - Sub module: LCD-panal \S”h moduke \/ LCD—psnlaI i s macile

apacificatlon testing

. Compunent Elocirical  §  Componan
Level 1 - Camponent: Disptay drivar specﬁ‘mnllm simulation !’ lesljnp; /

F Matarial
Matasial !
Level 0 - Matarial: Giass matarial \pmmmnm streuth ? testing /
Llationy

Figure 9. The V-model applied for mobile terminal display verification

We can see in this example that many of the physical tests of a display with ils components
can be replaced by simulations which are normally faster and easier methods to carry out.
Testing a physical sample is necded only to adjust the simulation models.

4.2 Incremental Verification and Validation

We have further elaborated the idca if the V-model towards what can be called as incremental
V&V. The idea is to assure the product level requirements by decomposing them to earlier
design phases. By verifying these requirements earlier, only a fraction of product
requirements actually need to be verified at product phase. This method can be useful and
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probably it saves lime in the platform-based development where modules and components are
developed separately and used in several later products. Picturc 10 illustrates how we have
included some additional aspects to the V-madel approach. The left hand side of the picture
describes how we used to carry out verification in the technology and product development,
The component and module development with verifications was caried out in technology
development phase and product verifications at product development phase accordingly, The
right hand side of the picture illustraies the new approach where we utilize incremental
verification. For example, the product certification (i.e. type approval) is received by carying
out most of the related verifications at technology development phases leaving just a fraction
of it to the product development phase. The product certification is now granted by applying
the results from both technology and product development phases.

Product
develelopment

Product development
Several products
A

"
Technology devel.

Component
Verification %wa?:;?:;

Cld Approach - New

Figure 10, The incremental verification s minimizing the product development time

Technology deval
Few components & modules
A

At the technology development phase we do not have integrated products available and in
practice we apply other types of verifications than physical tesling as much as possible. For
example, we can carry out product level drop testing and thermal analysis for complete
product quite extensively by simulation. By focusing on early V&V we can save time and
select the right technology for further product integration. This will reduce the risks at product
phase, which finally improves the product development efficiency.

5 Conclusion

V&V arc among the key processes in the product development. However, most of the design
models and processes do not highlight the importance of V&V as an_integral part of the
design work but just merﬂmn il as a separate lask happening “after product integration pha-,e
Probably onc reason for ﬂ'lJS is that verification is understood only as testing physical samples
and forgetting the p0551b1_l|tlcs that analysis, comparison and assg¢ssment can bring, However
some later created desigi models like V-model see the importance of carly V&V. So-called
incremental verification’ can even further improve the efficiency of the whole product
development process in the platform based product development.
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