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1 Introduction 

Today, a single system fault could cause a big disastrous turmoil, because many of 
functions in our modern society is operated by the collaboration of various informa-
tion systems. The system fault could happen in wide range of field, such as from an 
embedded system in the smart phones to the social IT infrastructure. It is known that 
the many of the system faults were caused by software defects. In Japan, the “soft-
ware quality audit system (provisional)” which audits systems in various fields by the 
third party has been considered to ensure safety, reliability, and usability. [1] 

According to the previous research, the most causes of the software faults are soft-
ware defects, problems in system planning and specification phase, and hardware 
defects. Especially, the first two already occupied more than 70%. [2] 

In general, software defects are attempted to eliminate in software refinement 
phase. Especially, the development of the highly reliable software is aiming to elimi-
nate all problems during software refinement phase. In such case, human-based activi-
ties are tended to minimize because the problems in software refinement phase are 
originated by human factors. On the other hand, problems in system planning and 
specification development can not apply this approach, because it is impossible to 
eliminate the human-based activity in those two processes. 

Furthermore, the HMI (human-machine interface) specification makes the specifi-
cation development more difficult. The performance and productivity of the system 
can be finally influenced by the HMI specification, because the operation or the use of 
the system is made by actual human. In the most case, even the safety of the system 
can be determined by it. 
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Since this issue is widely recognized, one of the solutions is training and appoint-
ing specialists who have capability to deal with development of HMI. In fact, certifi-
cations systems of specialists in HMI design have been established in these years in 
Japan. 

However, such certifications are well recognized by user-interface designers and 
web-designers, but not so well by embedded systems engineers. These engineers seem 
that introducing HMI design process has obstacles, such as overhead time and cost in 
development, not recognizable benefits for developers, and not urgent necessity [3]. 

For these reasons, system engineers with knowing the constraint of their develop-
ment team without sufficient HMI design specialists, need to have to increase quality 
in use, and usability in their products, even in smaller steps, according to following 
requirements from the international market; 

• Needs to provide a high-valued system 
• Realized a system with high functionality and usability at the same time 
• Ensure safety of a system 

In this paper, authors attempt to clarify an approach to ensure the HMI quality that 
directly relates to marketability and safety of the products from the upper process of 
the development. 

2 HMI Quality Issues in the Embedded System Development 

In Embedded System Development Process (ESP) [4] by Information-technology 
Process Agency (IPA) in Japan, HMI design is done in the system architecture design 
process after the system requirement analysis process. (figure 1) In other words, HMI 
elements are decided, and the operational steps for each of them are designed accord-
ing to required functions derived in the system requirement analysis process. And, 
incompletion of the basic design of HMI in this stage could cause a high risk of delay 
of the development. 

On the contrary, it is said by HMI specialists solely the required function is not a 
sufficient input for HMI design. For instance, FACE method requires detailed infor-
mation related to users.[5] Also practically, it is hard to design HMI without expert 
knowledge within the process of system requirement analysis and system architecture 
design. 

In the case that the development organization includes HMI specialists, design 
guidelines and style guidelines are often provided to system engineers. System engi-
neers often design HMI applying the style guidelines, since understanding and apply-
ing the design guidelines is too hard. Also experienced engineers develop patterns 
based on the style guideline and adds modifications according to given situations.[3] 

However, this approach sometimes makes reviewing the HMI design properly 
within development process difficult. 

And as a result, the HMI design solution without evaluation will be sent to the next 
process. 
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It is possible that HMI design solution without HMI quality tests will survive the 
final process of software development, if usability evaluation is not conducted within 
the whole development life cycle. 

To avoid such situation, it is necessary to have a mechanism to check the HMI 
quality mechanism in the upper process of the system development. And, a method 
for quantitative evaluation of HMI quality has been studied. [6] This method, howev-
er, can not be applied to a single system development project to expect efficiency 
continuous basis, because the method requires the activities involving a whole organi-
zation, and requires the implementation of the quality management system and so on. 

 

 

Fig. 1. HMI design process in the system life cycle  process (ESPR 2007) 

3 HMI Quality Management 

The HMI quality should be ensured within the framework of the quality management 
for the embedded system development. The product quality of system products has 
been schematized as ISO/IEC 25000 -Software product Quality Requirement and 
Evaluation (SQuaRE) series of international standards. [7] One of the merits of this 
series is that the quality management starts from the most upper process, and aims the 
quality improvement integrated with system development life cycle. 
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What kind of quality is required in HMI? 
Firstly, the system enable for user to achieve what user is intended (user goal) effi-

ciently. (Effectiveness and efficiency) And, risk for using the system such as the safe-
ty, economical efficiency, and ecological impacts is zero or minimized. (Freedom 
from risks) Additionally, satisfaction to use the system is required. (Satisfaction) 

Those are all required as the overall quality by HMI, when user uses the system. 
Those are regarded as so-called "quality in use," and its quality characteristics are 
effectiveness, efficiency, freedom from risks, and satisfaction as mentioned above.[8] 

From the viewpoint of developer, quality criteria for each system element are de-
fined to meet during design process. Because HMI is a part of the system to be devel-
oped, it is managed within the system quality management. Basic characteristics of 
the system quality are functional suitability, performance efficiency, and reliability. 
Quality characteristics of system in use are usability, security, and so on. Those of 
system operation and maintenance are compatibility, maintainability, and portabili-
ty.[8] HMI quality also needs to be managed in terms of quality characteristics  
mentioned above. 

In this sense, HMI quality is one the position bridging between quality in use and 
system quality. (figure 2) Therefore, ensuring quality in use can be made efficiently if 
managing HMI quality as a part of system quality. Especially, the most critical issue 
is usability, since it is the most important characteristic connecting HMI quality and 
quality in use. 
 

 

Fig. 2. HMI quality bridging between quality in use and system quality 

And as previously mentioned, continuous improvement of HMI quality requires 
the implementation throughout development organization. HMI quality plan is  
developed, and HMI quality measurement criteria is set before the system develop-
ment; quality is measured, and it criteria are verified toward the next development 
throughout the development lifecycle. ( figure 3) 

Implementing such management lifecycle for HMI quality ensures the continuous 
improvement of HMI quality. 
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Fig. 3. Quality management lifecycle 

4 HMI Quality Metrics 

4.1 Introduction of HMI Quality Metrics 

A quality metric indicates the measure of a quality characteristic and the method of 
measurement. The status of system quality is interpreted by the result of measure-
ment. The relationship of HMI quality model and metrics is presented in Figure 4. As 
the figure shown, quality characteristics and metrics have many-to-many relationship, 
and the number of measurement indices will be uncontrollable to apply without  
proper management.  

The objects evaluated by the measurement of HMI metrics are intermediate work 
products in HMI design process, such as HMI design specification, design solution 
(screen transitional diagram, screen layout, element design, and so on), and should be 
organized systematically. 

HMI metrics rarely can be developed in logical way. Basically, they can be devel-
oped experts’ knowledge and refined through development lifecycle. It is also  
possible that metrics to refer public metrics form standards and literature. And, sys-
tematical approach, such as the GQM method, can be done by clarifying measurement 
“Goal,” clarifying the criteria if the goal is achieved by “Questions,” and collect  
necessary “Merics”. [9] 

U’eyes Design Inc., with over 20 years experiences of development of HMI for 
embedded systems, has been developing over 150 metrics. 

Those metrics will be redefined according to system development lifecycle for 
each client, and evaluated their validity through the operation in each development 
organization. 
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Fig. 4. Relationship of quality model and metrics 

Also, by providing HMI metrics to organizations, the company helps them to im-
plement HMI quality management lifecycle to ensure their continuous improvement 
in HMI quality. 

4.2 Example of HMI Quality Metrics 

Figure 5 shows an example metrics of counting the screen steps.[10] 
And the upper half describes a count of screen steps of the original UI in the case 

from starting with choosing a reference mail address on Contacts to finishing with 
choosing a destination folder for ‘create new message filter’ process. 

The original design, with the lack of the consideration for creating a message filter 
detecting multiple sender addresses, requires repeating same procedure many time if a 
user want to create a filter to collect messages from his/her family members. Then, 
the design solution can be very inefficient one for many cases. 
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The lower halt describes the improved UI design with positioning a “more” option 
to avoid such inefficiency on the original design. The new design requires fewer steps 
when creating a filter based on multiple sender addresses without going back to the 
first screen every time. 

Although a drastic solution could be an operational flow requiring “done” opera-
tion after choosing multiple senders addresses, if the system is flexible enough for 
changing specifications. 

Using such metrics can lead to create HMI designs with better quality in use by 
quantifying an attribute of usability, and leading efficient UI with less steps. 

Here describes “’Steps for direct screen transition and indirect screen transition’ on 
a smart phone” as an example of metrics for information architecture. 

 

 

Fig. 5. The different number of steps by different flow structures in steps 

5 Summary 

This study discussed about the HMI quality which directly relates to the marketability 
and safety in the approach from the upper development process management. And 
also it is important to point out that the continuous measurement and evaluation of the 
quality to improve the HMI quality through the development life cycle. Therefore, it 
is essential to use HMI quality metrics. 

And, it is important that the initial value of HMI quality metrics should be set ac-
cording to the prior experiences, HMI metrics should be tailored through the system 
development process to confirm its validity. 

For the basis of HMI metrics the following two are emphasized; 
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• HMI quality should be managed as a part of introduction of life cycle of system 
quality management. 

• Development of the quality model covering a whole system, and metrics including 
HMI metrics based on of the model. 

Finally, preparation of the metrics would be able to diagnosis of the HMI quality sys-
tem, the safety in system operation as applications. Comparing to the filed software 
quality metrics, collecting and editing of empirical data rarely has done in HMI  
quality. 

In order to ensure the safety in consumer products, improve the effectiveness in 
product development, and improve the competitiveness in international market, it is 
important to implement HMI metrics as a part of the social foundation. 
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