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(Verification & Validation)

» FREL(verification)
» BRET-BARLIZVATLA, DRATLEXR, HERERBRL
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Did you test what you were supposed to test?
Are We Building the Product/System Right?

» E L EHEFS (validation)
» BREHFAELEVATLANFERFREO_—XIZEHL
T ?
» Did you test the right things?
Are We Building the Right Product/System?
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John Wiley & Sons, Inc.
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bdd [Package] LevelOO[ — L XR—% = X > IilLevelOO u

L X—FEFEMRBRKXT1>

«block»

I BXE) - HIEH= T L

. ]
1.
«block» «block»
TL RX—F R AL =EE
parts referernces
T L R—F r— LSS ST L R—%&F S X5 I [1]
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«block»
ILAR—FVRFL
references
EE[)
IILR—YVATA
IILR—FVATA]
ILAR—YHURHL()
F7%ERI<()
F7%EBAL3()
BaREIRE()
HEIC#EHY 3()
1.+
«block» ablock» «block» «block»
ILAR—FR—ILRE IL~R—-%32vbk0-3 ILR—9HT Bf - H8 274
references references references references
IILAR—%3arA-3[1] IILR—FHT[] IILAR—%r A5 [1] IILAR—%rbA-35[1]
IILAR—YR—ILE 1 2 - PATAN IILR=FHTN
WEBERET S0 Tl Fgfé]m B - 3827 A 1] =L ]
ARZERLO CILAR—# 3y hO—5 [1] BHEZFB() BERIETRESHTS()
ARFEBAUB() - YN REDERHT B()
AR7ZEREL(
REOUEERSY 3() AEFERALC3()
BORESRY3()
cRRemen )
7 _
e ) ILAR—a R A—S Ok
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i BB o AL
» ZHBEFEDRELGEITICIESAF —IZKHBEUTIRE
7ﬁ\l \g_
» BREGHELISHLT, S5 —ABRFFICIE#IC RS
BEZTIRHE TS D EILRSAL.
¥
» AT — DI %ﬁ’é?yxhﬁ'éﬁlﬂi&b\h\
ABS (Anti-lock Brake System) ;
TCS (Traction Control System)

IND=RTTITDESI
ATERIEREZ T O AL TIEES A ?
FACS (Front-steering Assist Control

System)
38 FE3[EIKSS 2013 Mar. 6




IR SR

System
Design
And

SDIVI

BREEEER: BRATEEDLYND A2/ LAMLIHVEL (10 Nm) 26T BIEE

without control, 15 km/h

in control, 15 km/h

Yutaka Kamata, Hidekazu Nishimura, Hidekuni lida, System Identification and Front-Wheel Steering
Control of Motorcycle, Trans. of the JSME, Series C, Vol.69, No.688, pp.3191-3197, (2003)
Yutaka Kamata, Hidekazu Nishimura, System Identification and Attitude Control of Motorcycle by
Computer-Aided Dynamics Analysis, JSAE Review, Vol.24, No.4, pp.411-416, (2003)
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BRE L,

aslippery road : (£ > 0.1
=uneven road : 0 Nm ~ 50 Nm

T &
Rider's LbWéM

wmass : 15 kg ~ 50 k; e

749 A=

|der

wprediction time: 0s ~/5s

sdriving pattern : straight running/lane change/turning
stype : skilled rider/ynskilled rider

atime delay :0s ~ 0.5 s

atotal mass : 40 kg/~ 120 kg
adriving action : séeering, leaning motion

J: 1$ Rider's Upper Torso

=moment of inertia around z-axis : 2 kgm 2 ~ 10 kgm”2
=moment of inertia around y-axis : 0 kgm"2

=moment of inertia around x-axis : 2 kgm™2 ~ 10 kgm"2
slean motion : 350 Nm/rad, 20 Nms/rad
=mass : 25 kg ~ 70 kg

B4 I:I

40
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Front-steering
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57 Z F LNV DX— A — 255
d1—RA5—XK

A/%Il Frame

ﬁ%ﬂl

“moment of inertia around z-axis : 0.40 kgm"2
af1:0.1298 m
smoment of inertia around x-axis : 1.74 kem"2
=el1:0.0490 m

Eiﬁirﬁ/

E;lstmg Moto?c)%(e Systems

Assist Control

TS {1
O A Il

1

Manually Stoppe

lclassnf cation
=mass : 190, 0
=vehicle sta state variables
swheel base/: 1.374 m

=full length : 1A985 m

=caster angle : 27 deg
svelocity / constant

street motorcycle

FEE

vV ¥
SAK-_tf %@J

ZOHEETIL

Rear Frame

B/
i BEwWIL—L

LI

Front Wheel

Management

Management

wmass : 10.9 kg

sfront tire radius : 0.0635 m

=front wheel radius : 0.299 m

smoment of inertia around y-axis : 0.47 kem"2
smoment of inertia around z-axis : 0.26 kem"2
smoment of inertia around x-axis : 0.26 kem"2
wspring stiffness of tire : 130000 N/m

sdamping coefficient of tire : 1000 Ns/m
%\Eneumatic trail : 0.005 m

i R

Rear Wheel

=al : 0.5447 m

=mass : 19.2 kg

=moment of inertia around y-axis : 24.73 kgm"2
smass : 144.43 kg

smoment of inertia around z-axis : 26.28 kgm"2
=a2:0.5231 m

oment of inertia around x-axis : 26.04 kgm"2

FE3[EIKSS

=rear tire radius : 0.0808 m

=rear wheel radius : 0.312 m

=moment of inertia around y-axis : 1.68 kgm"2
=moment of inertia around z-axis : 0.41 kgm"2
smoment of inertia around x-axis : 0.41 kgm"2
=spring stiffness of tire : 150000 N/m
=damping coefficient of tire : 1000 Ns/m
=pneumatic trail : 0.005 m

2013 Mar. 6




Rl AT > 2 Mo =7 2K QDIVIEE
FTRER Y A
"FACS B T

41

5:0

2:/\"]

1 EREREHT

%1

V—E%ﬁ¢ﬁ

!
!
l
1 !
ﬁj&>x;ﬁ§ﬁ%¢éi
!
! 4L—UF TSR %EE?‘EE)

1

-—)bb;—hé*ﬁ%uéﬂ,é

6VELER D

L
51 ETEHEILSE D

42%&%%Ht:t§?ﬂ¢é

5AISAHET VAN

J 118MERET S

1

LI BERROBHET

Mmmg eeeeeee

2013 Mar. 6

ZOR K

req [Package] System requirements [ Bi#RZAE7 S A M) )

42

{{Requirement>>
ZEmBEhEOEI TIE LA
_ﬁﬁ"g‘?* 3 |3®;176
o z‘ﬁ ﬂ@ﬂ_lh \_’? -
= : #SEETELL L
A 5 — J VAT B, ~

<{Requirement>>

— 7

ol

@ T

<<ﬂequ irement>> <<{Requirement>>

H—MIFHID 72 + -

<{Requirement>>

BEOIEL | | SIS

L&

Kderive>> /i\ N

“EREBEETAADIE S

{{Requirement>> \

\

o
’{\\ R . KLderive>>

\ <{Requirement>>

\ B uAA R < HIE

AR cderived N\ \<<derive>>

| {<sat isfy>>

<{{Requirement>>

| Y

i SFBL b

| <Lsatisfy>> /|\

N

| {Lsatisfy>>

A—=lbl—Ft2 %

<<block>>

S A 5 iR EDEIR0

<Lblock>>

<<block>>

AdmEE 7 O F 2T — 2

FE3[EIKSS

2013 Mard8




RGeS 2 MY 25 A
VAT AOME
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FACS

«System, block>
oFACS

Context Level

_@mass : <5 kg
4/971 X Lused

Kinterface®»
ZI-Existing Motorcycle Systems

@Receive Disturbance ()
«Provide Power ()

<<us%a>>

=mass : 150~250 kg |
=wheel base : 1.3~1. 5 m
=caster angle : i
ocity : constant |
=moment of inertia around y-axis : kgm 2
=moment of inertia arouhd z-axis : kgm "2
=moment of inertia around x—axis : kgm"2

&synclnterfaceLin

B i ,Q

Road

sslippery road : > 0.1 -
=uneven road : dimension of prOJectlon

DAZEETIL

1 |

otorcycle Systems
&synclnterfaceLink |

sefassification : street motorcycle =

&syncInterfaceLink®

. LuseY»
4 /’;‘l?ffo
E ﬁ t @J T Kinterface»
ZI-Rider

Eﬁﬁ'ﬂ(/ﬂ 0) nrr:.\u
iR AR

% Drive Motorcycle ()
@ Initialize Vehicle System ()
= Recognize Road Condition ()

B RERELED)—EE)

% Driving Compensation ( )

AR TT—RA
Kinterface®
=I-FACS

@ Assist Rider's Turning Driving ()
«Detect Roll Rate ()
~>&Assist Rider's Lane Change Driving ()
= Assist Rider's Straight Running Driving ( )
@Start System ()
@Stop System ()
@Receive Stop Command ()
~7l«Prevent Tire Slip ()
« Stabilize Motorcycle ()
/?\

Lused

used

§<<use>>
eLink» i

&synclnte

1

i S45
Rider

1

-prediction timé : 0s ~ 5 s
=driving pattern : straight running/lane change/turning

l=type - skilled rider/unskilled rider

fstime delay : 0.1 s ~ 0.4 s

" |atotal mass : 40 kg ~ 120 kg

kadriving operation : steering, leaning motion, etc.
=disturbance recognition time : 0.1 s ~ 0.5 s
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Manually Sfbgped

T

<<|nclude>>
«ifJC'I“de»/ inglude \ KincludeM..
. <<|nolude>>
Kindlude» | i
y / Linglude®» Kinclude» I]~
/ j | Kinclude 77- J /XD }l/

“,

Start_System
VAT

b

Stablllze Motorcyclse

il’ﬁ’é?ji‘ltéﬁ'é

Detect Roll Rate
A—JLL—t%
BATS

BAYDR)yTEHS

THDT VAR

L—Fzood
L DT YRR

EEETRE

Receive Stop Command *

BIRSE2H3",

Stop System
VAT L
=i

TEEZES D
T A
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SERS AT L
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L) i ce
1 I-Front-steering Shaft

«Utilize Control Steering Torque ()

l}g_ — S¢
GIE: F200 ]

Front-steering Shaft

sinertia : kgm 2
“weight : kg
=steer torque :

Eiﬁiﬁﬁ“’/: ATL!

Nm

,"\- :

F—SE4R |
.

©Data Recording smass : <

“mass : ki
-data capacity : bit

A3 Tx—

ce
“I-Data Recording

) | =Record Digital Roll Rate ()

oCPU Pi

«System, block>

kg

SDIVI

RI¥RRAE 7 o A NS R T L

ABIx—R

«D Control ()

“weight : kg

=weight : kg
typer : DC motor

rotation speed : rpm “memory : M|

- =operating frequ

rate of information throughput): bit

ency : Hz

=Deactivate Detection (

ce)
“I-CPU Processing

“Process Digital Roll Rate ()
«Receive Digital Roll rate ()

)

——
Kuse»

—
“The>

FEFLL

©A/D Conversion
1

System
Design

And
Management

“output torque : < 10 Nm

49971—1 s> B '

CsynclnterfaceL ink

ce’
|'1-Servo Motor Actuation

Existing Motorcycle Systems |

|Generate Assist Steering Torque ( );

“classification : street motorcycle “

“mass : 150~250 kg

“wheel base : 1.3~15m

=caster angle : 26~27 deg

svelocity : constant

=moment of inertia around y-axis : kgm"2
“moment of inertia around z-axis : kgm"2
moment of inertia around x-axis : kgm"2

Use Analog Control Output ()
-

1

Cuse

Lsyncls

=resolution : bit
sspeed : Hz
=mass : ki

A/D

"

rfaceLink

i e.
ACS Controller Execution \

©D/A Conversion

«Use Processed Digital Roll Rate () |
l«Calculate Digital Control Output ()

“resolution : bit
=speed : Hz
“mass : kg

{28 TR

ce:
1-D/A Conversion 1

¥ <Gonvert Digital Control Output to Analog Control Output ( )
—_

45

5 3[EKSS

©FACS Controller Execution

| '=Coavert Analog Rall R

ate to Digital Roll Rate ()

©Roll Rate Detection

ir.sma fing period : > 0.001 s

HIEHARELT

=mass : kg

stype : angular rate sensor
=permissible error : %

srange : ~30 deg/s~+30 deg/s
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Rolling re Z

Roll angle

of motorcycle Lean angle

of upper torso

4
Cwmeean

torque

v ISteerin gXA
torque

—

O3 hO—5FETIL(CATLLANLTOEET)

x,(k+1)= A, x (k) +B A& (k)

Aéx: roll rate, the feedback signal,
At (k) = Gy, (k) + D A (k)

Az, control steering torque, control output.
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FA ¥ —H#ie T IV
mimiin SSTTiTimisisisisisioisisisiisisisiios i
. Rider Driving Model delay Lean i
; o S| kol T, torque ;
2nd order; prediction model ? Af ;
' ; . Steering |
' t 1+t (" ;
! y () S y( ,,)}m S| (K, +K l)e'Tdf wtorque !
. Target + PTG :
| |
S ON T, o | y+T,) !
; 1+ Ts+—s :
. 2 |
~Dynamical model of ¢
Lateral rider-motorcycle system |¢
displacement
Time Prediction | Proportional | Proportional | Integral
delay T, time 7, gain K, gain Kp; gain K,
Unskilled rider | 0.2's 1.2s 8 1.6 5
Skilled rider 0.1s 1.5s 5.2 1.04 4.5
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i E ok
<<constrain:tProperty>> <<constrainEtProperty>> ‘
CP4: BEHHDHEL SEL O—Lf CP5 : O—JLfAEE
disturbance : T fdd(k}# B I~)I,Eligd(k) ,f;<"con8t;ain:tpro;e;g>j] -‘-f..t_XCd(r) 6 Xcd(k)il‘(max' o XT(éd| _ f‘TaXl O
: CP1:SMA—_EBER FET) max| 8 xncd| > 10%
= @ xncd: roll angle without control
Xed(k+1) = Acd(k)*Xcd(k) + Bed(k)*Ucd(k)
KconstraintProperty» , + Ecd(k) KconstraintProperty»
CP3: S5 —IRHEETIL B Xcd: state variables with control, Ucd(k): W CP6 : t5ZE (i 5}
T frd(k) kLo Input torque,
o ) 11 T frd(k) ¥ 7 lyedN) - ytll <02 m
SAY-ObEEmEEERLE U—Y yod(k) yod(k)|-
ZRETAFRBREEBEETIV 1%} vt: lateral displacement target
40 T wxd(k) ! T wxd(k)
ﬁ%cﬁ r —[‘EA 13 de(k) wxcd(k) N
<<constrain1:Property>>
511 450 5 i KconstraintProperty A—J)LL—k CP7 : | fEl A 154
Lo CP2 : #1158
A tfcd(k) , Xkd(k+1) = Akd*Xkd(k) + Bkd*(UXCd(k) (.UXCd(k) T fC(l(k)
A T fed(k) = Ckd*Xkd(k) + Dkd* w xcd(k) *"ﬁlﬁm
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a&:{;‘-3_6 DL—2FIo> —EE%%%?’(’S‘\—(%'H&MJU)
E%‘éo kr:}h TTELL RIS — L)
AUrLRSNEL:25Nm, 0.7 s~0.88s  ~ ~ T AMRIAY— (L)

T AN HIEBR 0.7 s~
KAESA X —DFHEEEX1.0 s~

HEAL

Pl
&
Roll angle [deg]

Lateral displacement [m]
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» Systems Engineering Handbook Ver.3.2, INCOSE, 2010
» Visualizing Project Management, Third Edition

Kevin Forsberg, Hal Mooz, Howard Cotterman, John Wiley & Sons, Inc.
» A Practical Guide to SysML

Sanford Friedenthal, Alan Moore, and Rick Steiner, The Morgan
Kauffman OMG Press

y VRTLRXETY E5E SysML (A Practical Guide to SysMLODEFHERA)
w4+ FH (BN, Bk, RJIBEE, RB|JIFZE—, PEBE, Si558,
MR T S, 5t H 20124658 10H

» The Engineering Design of Systems, - Models and Methods -, 2" Edition
Dennis M. Buede, John Wiley & Sons, Inc.

y BRFM, ETIAR—XVRTFLAIUO=T Y ESysMLADEATF, 5%E

T, BAREETI®%, Vol.46, No.5, pp.241-246, (2011)
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Kenichi Seki, Hidekazu Nishimura, Kosuke Ishii, Laurent Balmelli, Thermal/
Acoustic Trade-off Design for Consumer Electronics in A Distributed Design
Environment, Proceedings of The 19" Annual International Symposium of
INCOSE, (2009), 0723.pdf.

y BEWI— . ANSH. KEE—. BB REE T CORASRGFTFEOME
-HEEDI—IILELTRYESRE#BE NS ER-. BAEH SRS
T2 X T LERFYDesign R 12010, (2010), dss10-0102.pdf.

» Kenichi Seki, Hidekazu Nishimura, Shaopeng Zhu, Laurent Balmelli, A
Parametric Design Framework to Support Structural and Functional
Modeling of Complex Consumer Electronics Products, International
Conference on Engineering Design 2011

» Kenichi Seki, Hidekazu Nishimura, A module-based thermal design approach
for distributed product development, Research in Engineering Design, DOI:
10.1007/s00163-011-0113-x

» B8 ®F—, AT FF, %k {80, Laurent Balmelli, RAEMSSRARIZH T 544EE
BEETILEAN:=-SBIZFARE (SysMLE ZETIILEDSMZF ALI=ES
aA—)LEET T O ADEE), HAMFRHIXECH, Vol. 78, No. 785, pp.

187-200 (2012)
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