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Abstract. This paper describes the modeling, the development and the 
evaluation of embedded system study environment using robot and a note on 
experiment at technical high school. This paper discusses about the following 
points:(1) visualizing the behavior of embedded system in synchronization with 
the robot’s behavior, (2) integrating environment from concept based learning 
to implementation based learning, and (3) validating the efficiency of the 
system through the lecture and the evaluation at technical high school. This 
report is a summary of this environment, learning courseware of embedded 
system and research result at study of a technical high school. 
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1   Introduction 

Education of embedded system is indispensable for students who learn computer 
science or information technology. Robot is often used in learning of embedded 
system. The embedded system education that uses robots attracts learners’ interests 
easily, and is effective as the teaching material that can maintain their motivation. 
However, it is difficult for existing educational environment using robot to support 
embedded system study. Since existing embedded system is invisible, system’s 
internal process within a robot is difficult to understand.  

In order to solve the problem of the existing environment, we developed the robot 
programming education support environment by visualization based debugging and 
by simulation that uses movie. This environment called “MINATO” integrates 
visualized educational support of the system software which learners can utilize from 
application layer to hardware layer based on their course needs. For this study, we 
have evaluated this environment about the understanding of embedded system’s 
behavior compared with previous methods at technical high school. 

2   Embedded System Education at Technical High School 

The computer science department of the technical high school provides education 
concerning a wide variety of information technologies. Especially, needs in fields, 
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such as the control programming and embedded systems, have risen as seen in the 
development of the built-in equipment and the upsurge of ROBOCON. 

However, there are currently few control programming teaching materials which 
support to teach embedded system. The existing teaching materials do not help 
students much to understand continuously a mounted control programming and the 
theoretical system at the concept level. Therefore, it seems that the existing materials 
have not made remarkable result in the field of education. 

It would be because there are not ideal educational environment that helps from 
introductive education to practical education. As another reason, it is difficult for 
learners to image internal process and structure of the embedded system visually and 
intuitively. 

In the following section, we describe requirements to analyze the learning environ-
ment for the embedded system at educational stage at the technical high school. 

Visual Support. For educational environment using a conventional textbook, it is 
impossible to display the state transition dynamically. Therefore, and it is difficult for 
learners to follow the state transition. In other words, students have to guess internal 
process with little information. In order to understand the process intuitively, they 
need a lot of mounted knowledge. Moreover, the student doesn't attach the image of 
operation, and not obtain actually feeling of understanding because he or she cannot 
chase the appearance of the state transition by the explanation that uses static figure 
by the textbook. Therefore, the environment which can express internal process by 
movie could be useful.  

Integration. Currently, existing environments are intended for only certain level, either 
introductory or practical level. Thus, learners should spend much time to study how to 
use the environment and to become accustomed to it although the primary objective of 
the class is to have the learners to study control programming. As a result, the students 
should become accustomed to the support environment in limited class time. 

Also, it is time-consuming task for teachers to construct the environment by 
themselves. Therefore, an integrated environment that can consistently study control 
programming based on from bare hardware to realtime operating system is required.  

Greediness for Learning. In technical high school, students often practice with 
equipments and tools actually used in the professional fields. The students learn not 
only conceptual understanding of the control but also the usage of the practical 
equipments. For control programming teaching, bare hardware such as circuit board 
and wiring is used in most educational settings. However, these existing equipments 
for educational use are not appropriate to motivate the students since those are 
sometimes too complex and those appearances are not attractive for them. Moreover, 
these equipments are not dynamically active.  

According to these backgrounds, education system could improve students’ 
willingness to learn with a teaching material such as robots. 

3   Research Objective 

The research objective is development of embedded system education support 
environment that synchronizes the behavior of robot and visualization of system 
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software. Also, the research explores if learners who studies computer science can 
maintain their motivation of study by using simple robot materials and visualizations. 
The requirements of the learning environment at the embedded system education are 
as follows: 

1. Learner can use the environment visually and intuitively 
2. Learner can study from introduction to implementation on an integrated 

environment, and 
3. Learners can maintain their motivation to study by active motion of the robot 

4   Features of MINATO 

The educational concepts of MINATO are as follows: 

Utilizing Synchronized Visualization. MINATO presents monitoring tools that 
visualize system’s internal process, physical phenomenon of robot using movie and 
I/O data from/to devices synchronously. The learner can intuitively understand the 
relationship between the program and the devices through the tools. Furthermore, 
interrupts from devices and access from/to devices are displayed as simple diagrams. 
All the data including robot movie are logged in the system and able to replay and 
trace repeatedly until the students can find bugs.  

CPU and 3D robot simulators are also utilized to verify the program which the 
learner writes. Using logged data as input, it is easy to check the behavior of program 
without robot even at home. 

Supporting Various Robots. MINATO presents various robots supporting framework 
which meet needs of various type of schools such as junior/senior high school, 
university or industry. In junior and senior high school, simple and indestructible 
robots are essential. In the university and technical introduction course need rich 
resources, many sensors, powerful CPU, large memory or broader communication 
bandwidth, are necessary. We support various robots, LEGO Mindstorms NXT[1], and 
MINATO robot [3] we developed, and also support various communication devices, 
Wi-Fi, Bluetooth and ZigBee. The system is independent of OS using Java. 

Integrated Visualization and Programming Environment. MINATO presents 
integrated environment which are capable of visualizing, editing, monitoring and 
robot controlling in one window. From our user experience at high school and 
university, simple, light and easy operation is strongly required. The existing 
environment like Eclipse is too complex and too heavy for preliminary learners. The 
learners can use the all the system functions without switching windows or desktop to 
utilize simple and single window interfaces.  

1USB/1CD Based Easy Installation. MINATO can be booted with only 1USB/1CD 
on Ubuntu linux. Java, capture device drivers and GUI libraries are already installed 
and learners or lecturers aren’t required to append and configure other software. In 
educational field, financial and management costs are also one of the important  
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issues. In addition, the lecturers requires easily and quickly reboot entire system at 
every lecture or classroom to prevent the influence of others operation.  

Presenting Material Templates. MINATO presents many learning materials and 
templates for lecturers to build their original material. Real-time system and Real-time 
OS courseware are prepared for high school, university and technical introductory 
courses. 

5   Implementation 

Figure 1 shows a screenshot of the monitoring tool. Movie (upper-left), input/output 
devices (right side), source code (lower-left) and device history (lowest horizontal) 
are displayed within one window. Vertical red line shows current focus of data. All 
the data is synchronous transition. 

The learners can control robot with this panel to transfer the user/system program, 
reboot the system on the robot, acquire the log data, and start and stop the robot. 
Using 3D simulator, the movie panel is changed to 3D display panel. The learner can 
use other monitoring tools without switching the window. 

 

Fig. 1. Screenshot of the MINATO monitoring system 
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The existing robot was not able to reproduce operation. MINATO has linked 
internal process of the robot to behavior. And, behavior is recorded with the Web 
camera. As a result, the movement of the robot can be reproduced. 

6   Practice and Consideration at Technical High School 

6.1   Practice at Technical High School 

We operated MINATO in technical high school practices in order to verify its 
effectiveness. In the previous study, it has already shown effectiveness of the 
environment at the OS introductory education, and effectiveness of running and initial 
cost for the environment within 1CD/1USB. This experiment verifies the effectiveness 
of the robot teaching material and each tool of MINATO in the control programming 
study that uses the robot. The students and the target lecture of the experimental class 
are as follows. 

Object school: Tokyo metropolitan Fuchu technical high school 
Subject name: Computer Practical Training (Grade 12) 
Number of participants: 24 students 
Number of class: Eight times from January to September (50 minutes each class time) 
Student's background knowledge: They had learnt the programming and the control 
since their entered the school. They had learnt the control programming using an arm 
type robot in previous practices. This is their first time to study control programming 
using autonomous robots. 
The aim of this class: This class aims to understand the relationship between the 
control and the programming with an autonomous robot compared with the previous 
practice concerning the control, to develop program with limited resource, and to 
understand the embedded system including the realtime operating system. Especially, it 
has aimed to learn both control and programming overall, and to tie them up to 
understand the concept of the embedded system which is dealt with in the next school 
term. Also the students learned the equipment control in previous practices such as the 
FA control using arm robot and sequence control using elevators. Since the teaching 
materials for the equipment control dose not show strong relationship between control 
and programming, it is difficult for the students to link the program and the behavior. 
Experiment and control group: We implemented evaluation experiment to verify 
the effectiveness of MINATO. For the experiment, the students were divided into two 
groups: one group using MINATO as an experiment group and the other using 
ROBOLAB as a control group. Both groups have academically even level. 

The lecture contents are about how to use of NXT, an outline of the control 
programming, how to use various sensors, and a programming corresponding to the 
input sensor value. Since the experiment used a block called LEGO which has high 
degree of freedom, we used the same structure of the block robot for both the 
experiment and control groups in order to avoid excessive intervention to the 
hardware. Because the students would try to manage problems by remodeling blocks 
when they confront the bags, we restricted them to not change the structure of the 
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blocks in order to facilitate their study about the control programming and the 
understanding of the embedded system in this experiment. 

6.2   Class Observation 

This section describes students’ performance in practices using two different 
environments, ROBOLAB and MINATO, at a technical high school. 

ROBOLAB. In practice that used ROBOLAB, even students with especially low 
knowledge of the programming could understood the programming interface in a 
short time thanks to  a tile programming environment that enable them to understand 
intuitively. However, the robot behavior they imagined and the behavior it actually 
moved were sometimes quite different, and they changed the programming and the 
parameter many times in order to move it correctly. Also, even if quite different 
behavior appeared, some of the students did not understand why it happed because 
they did not understand logic in the first place. This would be because they did not 
understand the essence of the control programming or they could not image the 
internal process.  

In addition, it was an inefficient practice. Because there is no reproducibility in 
robot behavior, external causes, such as the state of the battery, the lighting and start 
position, made the students to fix the program whenever error occurred. 

MINATO. On the other hand, it did not seen that the students moved robots easily as 
seen in the ROBOLAB class because the students programmed using Java language. 
However, since this environment is able to visualize the internal process and the 
sensor value and to reproduce behavior, the students were able to obtain expected 
results with several times debagging in fewer trial and error process.  

Practice sceneries are shown Figure 2 and 3.  

 

Fig. 2. Practice scenery 
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Fig. 3. Practice scenery 

6.3   Evaluation Experiment 

The result was analyzed based on experimental control using problem solving. In 
concrete terms, the two groups were compared in the following two points; 
acceptance time to finish the problem of the line trace and the number of times to 
debag the program.  

Table 1 shows the result of the evaluation experiment.  

Table 1. shows the evaluation experiment result 

Group Acceptance Time(minutes) Number of times to debag 
Minato  
(average 12 students) 

44 12.1 

ROBOLAB 
(average 12 students) 

45.7 21.3 

The group that uses MINATO completes the task with less Acceptance time and 
fewer numbers of trials. While the deference between both the Acceptance times is not 
significant, the numbers of trials are significantly different. The result shows that the 
features of MINATO mentioned above, such as the reproducibility of operation using 
movie and visualization of sensor value, had great influence on the number of trials. 

After the evaluation experiment, all members in the experimental group using 
MINATO answered questionnaire survey. The students were asked to write their 
opinion freely. 

In the questionnaire, one of the participants mentioned that he could understand the 
relationship among the program, internal process and robot behavior. Additionally, 
another participant answered that he could imagine how general embedded device are 
developed and operated. There are also positive feedbacks about the visualization of 
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sensor value. On the other hand, the questionnaire shows, as negative feedbacks, 
programming using Java seems difficult for the students compared to tile 
programming environment (i.e. ROBOLAB).  

6.4   Consideration 

Following points were revealed through the result of the evaluation experiment, class 
observation, and questionnaire. 

Effectiveness of integrated support of education MINATO. It has confirmed that the 
teaching material which integrates movie, sensor value, program promote understanding 
of the relation between control and programming, which is difficult for students to 
understand with the current teaching material. Especially, reproducibility of operation 
and visualization of internal process enhance students’ intuitive understanding of the 
relation. The evaluation experiment shows that students are attracted and motivated by 
the integrated and visualized environment, and robot. Even if students who failed and lost 
their motivation at the introductory level, they could become interested in the learning. 

Necessity of the review of the programming environment. Since the programming 
environment used Java in this time, the students had to acquire the programming skill 
using JAVA. However, it might be possible that if the environment uses easy-to-use 
programming tool such as tile programming, control programming education could be 
more effective.  

7   Conclusion 

In this paper, we designed and implemented the embedded systems learning environ-
ment that used the robot, and described efficacy of MINATO through the evaluation 
experiments in the educational field. MINATO can make the behavior of the built-in 
device visible in various aspects such as system data and physical phenomenon that 
synchronize with the robot, movie, and internal process.  

Moreover, through the evaluation experiment which was conducted at the technical 
high school, it was confirmed that this environment was effective to teach the 
embedded systems with robot material in the introductory course.  The user interface 
using the integrated window was also effective for the students.  

Because MINATO is available with 1CD or 1USB on Linux, it is possible to 
reduce system management and financial costs. 

As future tasks, it is necessary to restructure programming environment. Moreover, 
providing the environment to educational field enables to receive more feedback.   

Acknowledgement. This work was supported by a Grant-in-Aid for Scientific 
Research on No.19500822 from the Ministry of Education, Culture, Sports and 
Technology of Japan. 

References 

1. LEGO Mindstorms, http://mindstorms.lego.com/japan/ 
2. Solorzano, J.: lejOS (2003), http://lejos.sourceforge.net/  



 Minato: Integrated Visualization Environment for Embedded Systems Learning 333 

3. Nishino, Y., Yoshida, M., Osumi, K., Tanaka, Y., Sugita, K., Hayakawa, E.: Robot Based 
System Programming Learning Support Environment. In: HCI 2005 International 
Conference on Human Computer Interaction (2005) 

4. Nishino, Y., Hayakawa, E.: Development of an OS Visualization System for Learning 
Systems Programming. In: HCI 2003 International Conference on Human Computer 
Interaction (2003) 

5. Yoshlda, M., Yamamoto, S., Nishino, Y., Hayakawa, E.: Realization of a support 
environment for learning robot programming: The institute of lectronics, Technical report of 
IEICE (2004) 


	Minato: Integrated Visualization Environment for Embedded Systems Learning
	Introduction
	Embedded System Education at Technical High School
	Research Objective
	Features of MINATO
	Implementation
	Practice and Consideration at Technical High School
	Practice at Technical High School
	Class Observation
	Evaluation Experiment
	Consideration

	Conclusion
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (Photoshop 4 Default CMYK)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 600
  /ColorImageDepth 8
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.01667
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 600
  /GrayImageDepth 8
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.01667
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 2.00000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /False

  /SyntheticBoldness 1.000000
  /Description <<
    /DEU ()
    /ENU ()
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.000 842.000]
>> setpagedevice




