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Abstract: In recent years, model-based development using Simulink in embedded system development has
been attracting attention. Accordingly, quality evaluation of Simulink model is desired. Quality evaluation
of the design process is expected to improve system quality and to reduce rework process. In this study, we
classify metrics that can effectively evaluate the quality of Simulink model, and we propose a model evalu-
ation method. Specifically, the metrics are classified in terms of layout and design, to derive the principal
component score by principal component analysis. We evaluate reliability of the method by comparing to
the results of the model evaluation of engineers . On experiments, we have confirmed the correlation between
the evaluation score of engineers and the principal component scores obtained from the model.
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Fig. 1 Example of subsystem in vehicle model
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A -7.81 2.69 -0.98 -0.67 -0.42
B -7.48 -9.73 -0.94 -2.04 -1.28
C -1.22 -12.58 -0.15 -1.57 -0.98
D -12.37 5.25 -1.55 -0.96 -0.60
E 4.68 -10.77 0.58 -0.62 -0.39
F 4.16 0.80 0.52 0.61 0.38
G 0.31 5.25 0.03 0.63 0.39
H 9.27 8.85 1.16 2.16 1.35
I 10.46 10.83 1.31 2.53 1.59
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Table 5 Component score of design metrics in vehicle model

BTNV | Rl | a2 | K3 | a4 | s | R 6 | a7 | a8 | a9
A 0.249 0.790 2.495 1.373 | -0.163 | -0.531 | -0.032 | 0.014 0.000
B 1.828 1.120 | -1.345 | 0.504 0.846 | -0.288 | 0.140 0.024 0.000
C 0.566 0.560 | -1.175 | -0.002 | 0.180 | -0.294 | -0.231 | -0.052 | 0.000
D 3.212 | -0.157 | 0.315 0.174 | -0.521 | 0.938 0.029 | -0.023 | 0.000
E -1.619 | 0.863 0.793 | -1.442 | 0.009 | -0.141 | 0.131 | -0.066 | 0.000
F -1.742 | 1.268 0.318 | -0.870 | 0.289 0.688 | -0.089 | 0.064 0.000
G 1.449 | -2.107 | 0.164 | -1.507 | -0.198 | -0.570 | -0.016 | 0.041 0.000
H -1.975 | 0.164 | -1.656 | 0.743 | -1.086 | -0.150 | 0.051 0.017 | 0.000
I -1.969 | -2.503 | 0.090 1.027 0.645 0.349 0.016 | -0.018 | 0.000

R6 HETFIVICBIZLYTZT X NY 7 ZDORIER

Table 6 Component score of layout metrics in vehicle model

BTN | R | R 2 | B3 | By 4 | e 5 | ar6 | By 7
A -0.652 | 0.495 | 0.021 | -1.046 | -0.158 | 0.165 | 0.118
B 3.116 | -1.815 | -1.008 | -0.251 | -0.118 | -0.093 | 0.035
C 2.658 | -0.082 | 1.858 | 0.291 | -0.005 | 0.068 | -0.003
D -1.144 | 0.288 | 0.097 | -1.495 | 0.146 | -0.068 | -0.093
E 1.759 | 2.607 | -0.708 | 0.478 | -0.042 | -0.080 | -0.003
F -0.011 | -0.439 | -0.707 | 0.529 | 0.336 | 0.246 | -0.085
G -1.072 | -0.422 | 0.444 | 0.219 | -0.013 | -0.191 | -0.073
H -2.120 | -0.281 | 0.111 | 0.592 | 0.351 | -0.102 | 0.136
I -2.532 | -0.349 | -0.110 | 0.683 | -0.495 | 0.054 | -0.033
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Table 8 Factor loading of design metrics in vehicle model
Byl | B2 | a3 | i a | s | Biare | a7 | a8 | a9
LR 41.09 | 21.26 | 18.09 | 12.34 3.84 3.19 0.14 0.02 0.00
T/ F—Yavi | -0.112 | -0.217 | 0.452 | 0.645 | 0.388 | -0.225 | 0.0001 | -0.338 | -0.051
7y 78 0.512 | 0.077 | 0.016 | -0.003 | 0.133 | -0.167 | -0.253 | -0.060 | 0.785
GotoFrom % 0.239 | -0.266 | 0.344 | -0.608 | -0.083 | -0.399 | 0.091 | -0.404 | -0.211
74 B 0.482 | 0.147 | -0.128 | 0.059 | 0.367 | -0.246 | -0.353 | 0.353 | -0.528
V=78 -0.362 | -0.018 | -0.363 | -0.310 | 0.716 | -0.215 | 0.238 | -0.004 | 0.153
T 7T AT LB 0.494 | 0.031 | -0.151 | 0.206 | 0.012 | 0.045 0.827 | -0.002 | -0.047
5 I 0.176 | -0.561 | 0.239 | -0.176 | 0.320 | 0.641 | -0.034 | 0.223 | 0.022
mARk7ay 78 -0.143 | 0.339 | 0.642 | -0.134 | 0.052 | -0.157 | 0.241 | 0.575 | 0.125
TNV IS - 0.082 | 0.649 | 0.187 | -0.146 | 0.266 | 0.465 | -0.041 | -0.460 | -0.117
K9 HEETNVIIBIFIZLA 7Y b X MY 7 2AORT-AR R
Table 9 Factor loading of layout metrics in vehicle model
Byl | BRa2 | BRa3 | g4 | a5 | e | a7
ZFGR 60.13 | 19.64 | 10.19 8.67 0.97 0.29 0.10
71y 7k 0.291 | 0.421 | 0.562 | -0.520 | 0.285 | 0.260 | -0.028
R 0.418 | -0.243 | -0.440 | -0.143 | 0.661 | -0.166 | -0.294
h—T7 0.430 | -0.282 | -0.278 | -0.233 | -0.467 | 0.619 | -0.023
Mok 0.482 | -0.035 | 0.001 | -0.123 | -0.155 | -0.487 | 0.699
WET A VB 0.303 | -0.381 | 0.480 | 0.631 | 0.237 | 0.253 | 0.111
EFOVINIRE 0.447 | 0.258 | 0.139 | 0.238 | -0.402 | -0.367 | -0.599
RAETIVEHM | 0171 | 0.685 | -0.402 | 0.427 | 0.142 | 0.289 | 0.226
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Fig. 2 Principal component score and evaluation score in ve-

hicle model
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Fig. 3 Principal component total score and evaluation score in

vehicle model
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Base Bad €7V Good E TV
01 | 02 | 03 06 07 08 09 | 10 | 01 | 02 03 06 07 08 09 | 10
01 35 | 15 35 25 30 20 | 30 | 75 | 80 | 100 | 87.5 95 85 90 | 75
02 25 | 25 33.5 | 32.5 | 325 | 30 | 35 | 90 | 85 | 100 90 95 875 | 8 | 75
03 30 | 35 - 335 | 325 | 275 | 30 | 35 | 8 | 70 | 100 | 92.5 | 92.5 | 87.5 | 70 | 85
04 | 15|30 | - | 335 30 30 | 30| 20| 55|60 | 100 | 90 | 92.5 | 87.5 | 75 | 75
05 20 | 25 - 33.5 30 325 | 45 | 40 | 65 | 85 | 100 90 92.5 | 87.5 | 70 | 60
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Fig. 4 Scatter diagram of evaluateion score and total score
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