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1 Scope 

This document describes the consideration of the effectiveness of D-Case and SysML 

collaboration. 

 

2 Related Work 

As part of existing work into Collaboration between assurance case, safety case, or 

D-Case and system development environment like UML or SysML, some trials are 

carried out. This section summarizes similarities, differences, and appeal points of this 

method against 5 references. 

 

2.1 Comparison to Reference [1] 

Reference [1]: 

 Stefen Wagner et al, A Case Study on Safety Cases in the Automotive Domain: 

Modules, Patterns, and Models, In Proc. of ISSRE2010 

 

Similarities:  

 Propose goal structure of safety case 

 

Differences:  

 Propose Notation guide for D-Case node and template to collaborate D-Case and 

SysML model description 

 Improve efficiency of D-Case and SysML model development by controlling 

development flow 

 

Appeal point of Reference: 

 Apply safety case to functional safety in the automotive system 

 Apply ASCET SD and Matlab/Simulink models to safety case 

 

2.2 Comparison to Reference [2] 

Reference [2]: 

 John Birch, Roger Rivett, Ibrahim Habli, Ben Bradshaw, John Botham, Dave 

Higham, Peter Jesty, Helen Monkhouse, Robert Palin: Safety Cases and their 

Role in ISO 26262 Functional Safety Assessment. In the proceedings of the 32nd 

International Conference on Computer Safety, Reliability and Security 

(SAFECOMP), Toulouse, France, September 2013. 
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Similarities:  

 Propose goal structure of safety case 

 

Differences:  

 Propose Notation guide for D-Case node and template to collaborate D-Case and 

SysML model description 

 Improve efficiency of D-Case and SysML model development by controlling 

development flow 

 

Appeal point of Reference: 

 Apply safety case to functional safety in the automotive system 

 Apply works products in system development to safety case 

 

2.3 Comparison to Reference [3] 

Reference [3]: 

 Ewen Denney, Ganesh Pai, Ibrahim Habli: Perspectives on software safety case 

development for unmanned aircraft. DSN 2012: 1-8 

 

Similarities:  

 Propose goal structure of safety case 

 

Differences:  

 Propose Notation guide for D-Case node and template to collaborate D-Case and 

SysML model description 

 Improve efficiency of D-Case and SysML model development by controlling 

development flow 

 

Appeal point of Reference: 

 Apply safety case to safety assurance in an unmanned aircraft system 

 Apply works products in system development to safety case 

 

2.4 Comparison to Reference [4] 

Reference [4]: 

 (In Japanese) 名古屋大学山本研究室、産総研 D-Case と SysML/UML 連携の実証実

験 

(In English) Nagoya Univ., IPA: Experiment of collaboration between D-Case and 
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SysML/UML 

 http://www.dcase.jp/pdf/yamamoto20130419.pdf 

 

Similarities:  

 Propose goal structure of assurance case 

 

Differences:  

 Propose Notation guide for D-Case node and template to collaborate D-Case and 

SysML model description 

 Improve efficiency of D-Case and SysML model development by controlling 

development flow 

 

Appeal point of Reference: 

 Apply assurance case to UML/SysML development environment 

 Collaborating between D-Case and UML or SysML, effectiveness on understanding 

of D-Case, and control Modeling work products on D-Case  

 

2.5 Comparison to Reference [5] 

Referece[5]: 

 Patrick J. Graydon, John Knight, Elisabeth A. Strunk, Assurance Based 

Development of Critical Systems, In Proc. IEEE DSN 2007 

 

Similarities:  

 Propose goal structure of assurance case 

 

Differences:  

 Propose Notation guide for D-Case node and template to collaborate D-Case and 

SysML model description 

 Improve efficiency of D-Case and SysML model development by controlling 

development flow 

 

Appeal point of Reference: 

 Propose goal structure of assurance case 
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3 Evaluation Plan 

3.1 Target 

3.1.1 Background 

Previous model of the cruise control (CC) system was developed half a year ago. 

Derivational development is applied to new CC model of cruise control system based on 

specifications of previous CC model. New CC model has differences to adding functions 

of ISO26262 functional safety. The development target of this evaluation is set on new 

CC model of cruise control system. 

 

3.1.2 Work Products  

Work products below are prepared by the development of new model.  

 D-Case 

 Use case diagram 

 Requirement diagram  

 Block definition diagram  

 Parametric diagram 

 Internal block diagram  

 State machine diagram 

 Verification scenario  

 

3.1.3 Evaluation Term  

Development term is structured by items in Table 1. Evaluation is conducted in point of 

man-hour for each item. 

 

 

Table 1 Evaluation Term 

ID Term Description 

1 Item Definition 
Define item using D-Case and SysML models for 

previous model. 

2 Identification of Hazard Hazard analysis using HAZOP, FTA, FMEA. 

3 

Decomposition Based on 

Functional Safety 

Requirements 

Decompose D-Case goal based on functional safety 

requirements. 

4 
Update Use case and 

Requirement Diagram 
Update use case and requirement diagram. 

5 Decomposition Based on Decompose D-Case goal based on technical safety 
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Technical Safety 

Requirements 

requirements. 

6 
Update Block Definition 

and Parametric Diagram 

Update block definition, parametric, internal block, and 

state machine diagram. Associate model elements to 

D-Case. 

7 
Guaranty by Verification 

Results 
Associate verification scenario to D-Case.  

8 Model Simulation  Execute verification scenario.  

 

 

3.1.4 Evaluator 

A development engineer is the same person who developed previous model. Other one 

person is a reviewer. 

 

3.2 Evaluation Item 

Compare man-hour to develop D-Case and SysML models for new CC model.1 

Case 1: No modeling guide and no template are applied 

Case 2: All modeling guides and templates are applied 

 

 D-Case Modeling Guide for Target System 

 SysML Modeling Guide for Target System 

 D-Case Template 

 SysML Template 

 

                                                  
1 Note that the target for comparison here is not “with D-Case versus without D-Case”, 
but “with modeling guides and templates versus without them” in this evaluation. 
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4 Evaluation Result  

4.1 Work Products 

Work Products on new CC Model development are listed up in Table 2, Table 3, and 

Table 4.  

 

Table 2 Work Products 

Model No. of pcs 

D-Case 1

Use case diagram 1

Requirement diagram 1

Block definition diagram 2

Parametric diagram 2

Internal block diagram 1

State machine diagram 13

Verification scenario 1

 

Table 3 D-Case Node 

Node No. of pcs 

Goal 24

Strategy 10

Context 74

Evidence 14

SolvedBy 47

InContextOf 74

 

Table 4 Elements of SysML Model 

Model Elements No. of pcs 

Actor 3 

Use case 11 

Association 21 

Subject 1 

Use case diagram 

Association to D-Case 8 

Functional Requirement 13 Requirement 

diagram Non-functional 

Requirement 
8 
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Association 34 

Association to D-Case 12 

Block 16 

Association 34 

Block definition 

diagram  

(design) Association to D-Case 12 

Block 12 

Connector 25 
Parametric 

diagram 
Association to D-Case 4 

Block 3 Internal block 

diagram Connector 4 

Block 16 Block definition 

diagram 

（Implementation） 
Association 32 

State 100 State machine 

diagram Transition 113 

Scenario 1 

Verification 1 
Verification 

scenario 
Association to D-Case 12 
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4.2 Sample of Work Products 

This section describes samples of work products developed in new CC model.  

 

4.2.1 D-Case 

 

 

Figure 4-1 D-Case (Original D-Case is in Japanese) 
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4.2.2 Use case diagram 

uc [パッケージ] Design [UC_CC]

CC

CC停止

目標車速の設定

目標車速の減速

目標車速の加速

CC再開

車速制御

<<include>>

<<include>>

<<include>>

<<include>>

CC一時休止

CC起動

車速の監視

<<include>>

<<include>>

<<include>>

CC動作状況の監視

<<include>>

<<include>>

<<include>>

<<include>>
CC緊急停止

<<include>>

ドライバドライバ

スロットルスロットル

PCSPCS

 

uc [パッケージ] Design [UC_CC]

CC

CC stop

Target speed
setting

Target
speed-down

Target speed-up

CC resume

Speed control
<<include>>

<<include>>

<<include>>

<<include>>

CC pause

CC boot

CC condition monitor

<<include>>

<<include>>

<<include>>

<<include>> CC emergency stop

<<include>>

Speed monitor

<<include>>

<<include>>

<<include>>
DriverDriver

ThrottleThrottle

PCSPCS

 

Figure 4-2 Use case diagram (Original diagram is in Japanese) 
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4.2.3 Requirement diagram 

req [パッケージ] Design [REQ_CC]

CC
<<Requirement>>

ID = REQ_01

車両は運転者を支援する走行制御機能を搭載する

CC起動（Cruise）
<<Requirement>>

ID = REQ_02

CC停止中に運転者
が「Cruise」ボタ
ンを押すと、CCが
起動する

<<derive>>

CC停止（Cruise）
<<Requirement>>

ID = REQ_08

CC起動中に運転
者が「Cruise」
ボタンを押す
と、CCを停止す
る

<<derive>>

目標車速の設定（Set）
<<Requirement>>

ID = REQ_03

CC起動中に運転者
が「Set」ボタンを
押すと、現在の速
度を設定値として
保持する

<<derive>>

目標車速の減速（Decel）
<<Requirement>>

ID = REQ_04

CC起動中に運転者が
「Decel」ボタンを
押すと、設定値の速
度が下がる

<<derive>>

目標車速の加速（Accel）
<<Requirement>>

ID = REQ_05

CC起動中に運転者
が「Accel」ボタ
ンを押すと、設定
値の速度が上がる

<<derive>>

CC一時休止
<<Requirement>>

ID = REQ_06

CC起動中に運転者
がブレーキを踏む
と、CCを一時休止
する

<<derive>>

CC復帰
<<Requirement>>

ID = REQ_07

CC一時休止中に運
転者が「Resume」
ボタンを押すと、
一時休止前の設定
でCCを再開する

<<derive>>

操作の即応性
<<Requirement>>

ID = REQ_12

ドライバが設
定すると、CC
が1ms以内に
応答する

<<derive>><<derive>> <<derive>><<derive>> <<derive>>

操作の容易性
<<Requirement>>

ID = REQ_11

ワンタッチ
でCCを操作
できる

<<derive>> <<derive>><<derive>>

車速制限
<<Requirement>>

ID = REQ_18

CCの設定車
速を50～
100km/hに制
限する

<<derive>><<derive>> <<derive>>

加速の加速度制限
<<Requirement>>

ID = REQ_13

加速は0.35G
未満とする

<<derive>> <<derive>>

連続稼働
<<Requirement>>

ID = REQ_15

100時間以
上、連続稼
働する

<<derive>>

ドライバによる運転操作の尊重
<<Requirement>>

ID = REQ_16

ドライバによるアクセル操
作、ブレーキ操作、ステア
リング操作を最優先とする

<<derive>>
<<derive>>

設定情報の保持
<<Requirement>>

ID = REQ_17

設定情報を
不正に変更
しない

<<derive>>

加減速性能
<<Requirement>>

ID = REQ_14

目標速度と20km/h
以上の差があると
きは、0.080G以上
の加速度で加減速
する

<<derive>>
<<derive>>

CC停止（PCS）
<<Requirement>>

ID = REQ_09

CC起動中にPCS
から停止要求
があると、CC
を停止する

<<derive>>

加速度の抑制制御
<<Requirement>>

ID = REQ_21

加速度が閾値
を超えない制
御を行う

<<derive>>

<<derive>>

車速の監視
<<Requirement>>

ID = REQ_22

車速を監視す
る

<<derive>>

<<derive>>

CCの緊急停止
<<Requirement>>

ID = REQ_23

異常を検知す
るとCCを緊急
停止する

<<derive>>

CC動作状況の監視
<<Requirement>>

ID = REQ_24

CCの動作状況
を監視する

<<derive>>

 
req [パッケージ] Design [REQ_CC]

CC
<<Requirement>>

ID = REQ_01

Vehicle has cruise control features that 
support a driver.

CC boot (Cruise)
<<Requirement>>

ID = REQ_02

If a driver 
pushes the 
Cruise button 
when CC stops, 
CC should boot.

<<derive>>

CC stop (Cruise)
<<Requirement>>

ID = REQ_08

If a driver 
pushes Cruise 
button when CC
runs, CC 
should stop.

<<derive>>

Target speed setting (Set)
<<Requirement>>

ID = REQ_03

If a driver pushes 
the Set button when 
CC boots, CC should 
set the current 
speed as a target 
speed.

<<derive>>

Target speed-down (Decel)
<<Requirement>>

ID = REQ_04

If a driver pushes 
the Decel button 
when CC boots, the 
target speed should
decrease.

<<derive>>
Target speed-up (Accel)

<<Requirement>>

ID = REQ_05

If a driver pushes
Accel button when 
CC boots, the 
target speed 
should increase.

<<derive>>

CC pause
<<Requirement>>

ID = REQ_06

If a driver 
puts on the 
break when CC 
runs, CC 
should pause.

<<derive>>

CC resume (Resume)
<<Requirement>>

ID = REQ_07

If a driver 
pushes Resume 
button when CC 
pauses, CC 
should resume 
with the same 
setting as 
before pause.

<<derive>>

Quick response to operation
<<Requirement>>

ID = REQ_12

CC responds within 1ms 
when driver operates.

<<derive>>
<<derive>> <<derive>><<derive>> <<derive>>

Operability
<<Requirement>>

ID = REQ_11

CC can be 
operated by
one-touch.

<<derive>> <<derive>><<derive>>

Speed limit
<<Requirement>>

ID = REQ_18

Target 
speed is 
restricted 
from 50 
km/h to 
100km/h.

<<derive>><<derive>> <<derive>>

Acceleration limit
<<Requirement>>

ID = REQ_13

Acceleration 
is less than 
0.35G.

<<derive>> <<derive>>

Continuous duty
<<Requirement>>

ID = REQ_15

Continuous 
duty of CC 
is carried 
out for 
more than 
100 hours.

<<derive>>

Priority of driver operation
<<Requirement>>

ID = REQ_16

Top priority is given to
the driver operation :
accelerator operation, 
brake operation, and 
steering operation.

<<derive>> <<derive>>

Config Integrity
<<Requirement>>

ID = REQ_17

Configurati
on data 
should not 
be changed 
unjustly.

<<derive>>

Acceleration performance
<<Requirement>>

ID = REQ_14

When the difference 
of speed and target 
speed is more than 
20km/h, acceleration 
should be more than 
0.080G.

<<derive>>
<<derive>>

CC stop (PCS)
<<Requirement>>

ID = REQ_09

If a stop 
request is 
received from
PCS when CC 
runs, CC 
should stop.

<<derive>>

Acceleration suppression control
<<Requirement>>

ID = REQ_21

Acceleration suppression 
control is performed 
so that acceleration is 
less than threshold.

<<derive>>

<<derive>>

Speed monitor
<<Requirement>>

ID = REQ_22

Speed is 
monitored.

<<derive>>

<<derive>>

CC emergency stop
<<Requirement>>

ID = REQ_23

CC urgently 
stops when 
trouble is 
detected.

<<derive>>

CC condition monitor
<<Requirement>>

ID = REQ_24

CC condition is 
monitored.

<<derive>>

 
Figure 4-3 Requirement diagram (Original diagram is in Japanese) 
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4.2.4 Block definition diagram (design)  
bdd [パッケージ] Design [BDD_car]

車両
<<Block>>

Values

Operations

CCコントローラ
<<Block>>

Values

Operations

1

ブレーキ
<<Block>>

Values

Operations

1

CC操作UI
<<Block>>

Values

Operations

1

車速センサー
<<Block>>

Values

Operations

1

車両力学制御
<<Block>>

Values

Operation

電子制御スロットル
<<Block>>

Values

Operations

1

スロットル アクチュエータ
<<Block>>

Values

Operations

1

PCSコントローラ
<<Block>>

Values

Operations

1

前方障害物検知センサー
<<Block>>

Values

Operations

1

車速制御
<<Block>>

Values

Operations

1

1

CC動作状況のモニター回路
<<Block>>

Values

Operations

1

1

アクセル
<<Block>>

Values

Operations

1

電子制御ブレーキ
<<Block>>

Values

Operations

1

ブレーキ アクチュエータ
<<Block>>

Values

Operations

1

車速のモニター回路
<<Block>>

Values

Operations

1

1

 
bdd [パッケージ] Design

[ ]

Vehicle
<<Block>>

Values

Operations

CC controller
<<Block>>

Values

Operations

1

Break
<<Block>>

Values

Operations

1

CC User I/F
<<Block>>

Values

Operations

1

Speed sensor
<<Block>>

Values

Operations

1

Vehicle dynamics controller
<<Block>>

Values

Operations

Electronic throttle
<<Block>>

Values

Operations

1

Throttle actuator
<<Block>>

Values

Operations

1

PCS controller
<<Block>>

Values

Operations

1

Front obstacle detection 
<<Block>>

Values

Operations

1

Speed control
<<Block>>

Values

Operations

1

1

CC condition monitor circuit
<<Block>>

Values

Operations

1

1

Acceleration
<<Block>>

Values

Operations

1

Electronic break
<<Block>>

Values

Operations

1

Break actuator
<<Block>>

Values

Operations

1

Speed monitor circuit
<<Block>>

Values

Operations

1

1

 
Figure 4-4 Block definition diagram (Original diagram is in Japanese) 
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4.2.5 Parametric diagram 

par [パッケージ] Design [PAR_車両ブロック]

ブレーキ
<<Block>>

Values

Operations

breakPowerTarget
breakPower

CCコントローラ
<<Block>>

Values

Operations

powerOFF ccBtn
ccPower

speed

車速センサー
<<Block>>

Values

Operations

speed

アクセル
<<Block>>

Values

Operations

accelPowerTarget
accelPower

電子制御スロットル
<<Block>>

Values

Operations

pwr
throttleTorque

スロットル アクチュエータ
<<Block>>

Values

Operations

pwr

CC操作UI
<<Block>>

Values

Operations

ccBtn

加速の加速度制限：
a < 0.35G

加減速性能：
a > 0.080G

設定車速の制限：

50km/h ≦ vt ≦ 100km/h

<<allocate>>

車速制御
<<Block>>

Values

Operations

breakPowerTarget

accelPowerTarget

breakTorque

throttleTorque

ccPower

breakPower

accelPower

<<allocate>><<allocate>>

電子制御ブレーキ
<<Block>>

Values

Operations

pwrbreakTorque

ブレーキ アクチュエータ
<<Block>>

Values

Operations

pwr

車両力学制御
<<Block>>

Values

Operations

pwrspeed

車速のモニター回路
<<Block>>

Values

Operations

powerOFF speed

<<allocate>>CC動作状況のモニター回路
<<Block>>

Values

Operations

ccBtn

speedpowerOFF

pwr =
Kp ( Vp - Vt )
+ Ki ∫(Vp - Vt ) dt

<<allocate>>

a =
 (thrust + drag) / mass

<<allocate>>

thrust = 
pwr / actualSpeed

<<allocate>>

actualSpeed = 

∫ a dt + v0

<<allocate>>

drag =

 -1/2 * Cd * A

 * densityOfAir 

* actualSpeed^2

<<allocate>>

セダンの場合
mass = 1700 kg
ワゴンの場合
mass = 2500 kg

<<allocate>>

セダンの場合
Cd = 0.44
ワゴンの場合
Cd = 0.50

<<allocate>>

セダンの場合
A = 1.8 m 2̂
ワゴンの場合
A = 2.0 m 2̂

<<allocate>>

densityOfAir = 1.2 kg/m^3

<<allocate>>

 
par [パッケージ] Design [PAR_Vehicle

]

Break
<<Block>>

Values

Operations

breakPowerTarget
breakPower

CC controller
<<Block>>

Values

Operations

powerOFF ccBtn
ccPower

speed

Speed sensor
<<Block>>

Values

Operations

speed

Acceleration
<<Block>>

Values

Operations

accelPowerTarget
accelPower

Electronic throttle
<<Block>>

Values

Operations

pwr
throttleTorque

Throttle actuator
<<Block>>

Values

Operations

pwr

CC User I/F
<<Block>>

Values

Operations

ccBtn

Acceleration limit :

a < 0.35G.

Acceleration 
performance :
a > 0.080G.

Target speed limit :

50km/h <= vt <= 100km/h.

<<allocate>>

Speed control
<<Block>>

Values

Operations

breakPowerTarget

accelPowerTarget

breakTorque

throttleTorque

ccPower

breakPower

accelPower

<<allocate>><<allocate>>

Electronic break
<<Block>>

Values

Operations

pwrbreakTorque

Break actuator
<<Block>>

Values

Operations

pwr

Vehicle dynamics controller
<<Block>>

Values

Operations

pwrspeed

Speed monitor circuit
<<Block>>

Values

Operations

powerOFF speed

<<allocate>>CC condition monitor circuit
<<Block>>

Values

Operations

ccBtn

speedpowerOFF

pwr =
Kp ( Vp - Vt )
+ Ki ∫(Vp - Vt ) dt

<<allocate>>

a =
 (thrust + drag) / mass

<<allocate>>

thrust = 
pwr / actualSpeed

<<allocate>>

actualSpeed = 

∫ a dt + v0

<<allocate>>

drag =

 -1/2 * Cd * A

 * densityOfAir 

* actualSpeed^2

<<allocate>>

Sedan :
mass = 1700 kg
Wagon :
mass = 2500 kg

<<allocate>>

Sedan :
Cd = 0.44
Wagon :
Cd = 0.50

<<allocate>>

Sedan :
A = 1.8 m 2̂
Wagon :
A = 2.0 m 2̂

<<allocate>>

densityOfAir = 1.2 kg/m^3

<<allocate>>

 
Figure 4-5 Parametric diagram (Original diagram is in Japanese) 
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4.2.6 Internal block diagram 

ibd [Block] 車速のモニター回路 [IBD_車速のモニター回路]

powerOFFspeed powerOFF

<<flow>>

speed

<<flow>>

車速読み取り1

Attributes

Operations

speed 車速

異常判定1

Attributes

Operations

判定結果車速

異常通知1

Attributes

Operations

powerOFF判定結果

 

ibd [Block] Speed monitor circuit [IBD_Speed monitor circuit]

powerOFFspeed powerOFF

<<flow>>

speed

<<flow>>

Read speed1

Attributes

Operations

speed Speed

Judge1

Attributes

Operations

ResultSpeed

Send failure message1

Attributes

Operations

powerOFFResult

 

Figure 4-6 Internal block diagram (Original diagram is in Japanese) 
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4.2.7 Block definition diagram (Implementation)  

bdd [パッケージ] Simulation [BDD_CC]

Driver
<<Block>>

Values

Operations

Car
<<Block>>

Values

area

cd

mass

Operations

1

AccelPedal
<<Block>>

Values

accelPosition

Operations

1 1

BreakPedal
<<Block>>

Values

breakPosition

Operations

11

AccelController
<<Block>>

Values

Ki

Kp

maxPower

power

sumDPower

targetPower

Operations

1 1
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Figure 4-7 Block definition diagram (Implementation) 

 

 17/22



 

 

4.2.8 State machine diagram 

stm [Block] CcController [statechart_0]

init

running

cycle1ms

evAccPowerRequest(this->power) to itsArbitrationController

tm(1)/
if (this->isWorking) {

double diffVelocity = (this->targetVelocity - this->velocity) / 3.6; // [m/s]
this->sumDVelocity += diffVelocity;
this->power += Kp * diffVelocity + Ki * this->sumDVelocity;
if(this->power > this->maxPower) this->power = this->maxPower;
if(this->power < -this->maxPower) this->power = -this->maxPower;

}
else {

this->power = 0.0;
}

Off

On

Working

evAccSetBtn/
set(this->velocity);

evAccAccelBtn/
accel();

evAccDecelBtn/
decel();

Unset

evAccSetBtn[valid(this->velocity)]/
set(this->velocity);

Sleeping
evAccBreakPedal

evAccResumeBtn

evAccSetBtn/
set(this->velocity);

evAccAccelBtn/
accel();

evAccDecelBtn/
decel();

evAccCruiseBtn

evAccCruiseBtn

evAccOFF

sensoring

evSpeedChanged/
this->velocity = params->velocity;

evPowerOFF

 

Figure 4-8 State machine diagram 
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4.2.9 Verification scenario 

stm [Block] Driver [statechart_1]

init

evAccelPedalPressDown(1.0) to itsAccelPedal

evCarPowerON to itsCar

tm(10)

evCarPowerOFF to itsCarevSimulationStart to itsDynamics

evSimulationEnd to itsDynamics

evAccelPedalTakeOff to itsAccelPedal

tm(5100)

evAccCruiseBtn to itsCcPanel

tm(1000)

evAccSetBtn to itsCcPanel

tm(10) evAccAccelBtn to itsCcPanel

tm(10000)

tm(10)/
for (int idx = 0; idx < 50/3; ++idx) {

itsAccPanel->GEN(evAccAccelBtn);
}

 
Figure 4-9 Verification scenario 

 

4.3 Result 

Table 5 and Table 6 show measurement results of man-hour to develop. 

Case 1: No modeling guide and no template are applied 

Case 2: All modeling guides and templates are applied 

 

Table 5 Case 1: No modeling guide and no template are applied 

ID Term man –hour (h) Review (No. of times)

1 Item Definition 4.5 2

2 Identification of Hazard 30 6

3 
Decomposition Based on Functional 

Safety Requirements 
20 3

4 
Update Use case and Requirements 

Diagram 
11.5 5

5 
Decomposition Based on 

Technical Safety Requirements 
3 2

6 
Update Block Definition and Parametric 

Diagram 
12 3

7 Guaranty by Verification Results 1 1

8 Model Simulation  1 1
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  Total 83 23

 

Table 6 Case 2: All modeling guides and templates are applied 

ID Term man –hour (h) Review (No. of times)

1 Item Definition 4.5 2

2 Identification of Hazard 30 6

3 
Decomposition Based on Functional 

Safety Requirements 
6 3

4 
Update Use case and Requirements 

Diagram 
6.5 2

5 
Decomposition Based on 

Technical Safety Requirements 
1 1

6 
Update Block Definition and Parametric 

Diagram 
7.5 2

7 Guaranty by Verification Results 1 1

8 Model Simulation  1 1

  Total 57.5 18

 

4.4 Comparison  

Figure 4-10 shows the comparison of man-hour in case 1 and in case 2. 

Figure 4-11 shows the comparison of number of review in case 1 and in case 2. 
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Case 1: No modeling guide and no template are applied 

Case 2: All modeling guides and templates are applied 

man - hour [h]

0 10 20 30 40 50 60 70 80 90

case 2

case 1

Modeling guide and
template

Item Definition

Identification of Hazard

Decomposition Based on Functional Safety Requirements

Update Use case and Requirements Diagram

Decomposition Based on Technical Safety Requirements

Update Block Definition and Parametric Diagram

Guaranty by Verification Results

Model Simulation 
 

31% reduction 

Figure 4-10 Man-hour 

 

Review [No. of times]

0 5 10 15 20 25

case 2

case 1

Modeling guide and
template

Item Definition

Identification of Hazard

Decomposition Based on Functional Safety Requirements

Update Use case and Requirements Diagram

Decomposition Based on Technical Safety Requirements

Update Block Definition and Parametric Diagram

Guaranty by Verification Results

Model Simulation 
 

24% reduction 

Figure 4-11 Number of reviews 
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According to Figure 4-10 and Figure 4-11, applying modeling guides and templates 

reduce 31% of man-hour and 24% of number of reviews. 

For decomposition based on functional safety requirements, update use case and 

requirements diagram, decomposition based on technical safety requirements, and 

update block definition and parametric diagram, Applying template is effective. 

Item definition and identification of hazards are not depends on templates. 

 

5 Consideration  

As the description in the previous chapter, Applying modeling guides and templates 

reduce 31% of man-hour and 24% of number of review. 

factors of these effectiveness are below. 

 

 D-Case template prepares goal structure, and it reduced the number of rewriting 

strategy and goal node in D-Case. 

 Association with D-Case and SysML requirement diagram about functional safety 

requirements reduced man-hour to requirements definition. 

 Association with D-Case and SysML block definition diagram reduced man-hour to 

architecture design. 

 Association with D-Case and SysML parametric diagram about restriction reduced 

man-hour to extract restriction. 

These results show that modeling guides and templates are effective on the system 

development. 
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