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FACS &4

Context Level

FACS

&System, block» .-~
oFACS :

_“mass : <5 kg

A37x—R

,,,/——""%use»
&

Kinterface»
2]-Existing Motorcycle Systems

@Receive Disturbance ()

«Provide Power ()
/.‘\

Existi
Luse

assification : street motorcycle
wmass : 150~250 kg

=wheel base : 1.3~1.5m
wcaster angle : ‘
ocity : 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

&synclnterfacelLin

&synclnterfaceLink®

BAE £

Road

=slippery road : 4 > 0.1

T Kuse
=uneven road : dimension of projection use /f‘JQjEELX
o -y <<int<;rface>>
E#CED. —

B K S 0D BB R
BRI RAE . ERAEFRIE
(EfERFEEAR D) —1EE))

«Drive Motorcycle ()

@[nitialize Vehicle System ()
«Recognize Road Condition ()
% Driving Compensation () I
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SAF-ZEHBEEER
_Qﬁﬁ%”

TIU

A3 ITT—R
Linterface®»
Z]-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 ()

“|«Prevent Tire Slip ()

& Stabilize Motorcycle ()

Kuse»

N SA4F

__Rider

prediction time : 0s ~ 5 s

- driving pattern : straight running/lane change/turning
type - skilled rider/unskilled rider

Jetime delay : 0.1 s ~ 0.4 s

"~ letotal mass : 40 kg ~ 120 kg

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

S IRE

—

FI)L |



% EFUALT 2R E N2 SDIVI

TV ZT Y VTR DT DERE < BT T IV DS
OSA3—"HBHEETIL
Zy Roll angle can anole
Rider's O.f motorcycle ofLu pper t%lrso
W upper torso | ) ,\‘W
a, i /_x\\ //wa o Z,

A Rolling

O EXRITTAEETILIZE DLHIEIS R T LERET

5 (k+1) = A5, (k) + B, A (b AO.: roll rate, the feedback signal,
Az, (k) = C,x, (k) +Dde6§§,(k) Az, control steering torque, control output.
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! : . !
. Rider Driving Model Lean i
I o K -T)s wa tOrque |
2nd order; prediction model pL® i
! ] ] Steering |
oY) y(t+t) 1. _. | Tptorque |
e F-La - (Ky +K,-)e b !
. Target g i
! !
¥(t) T? y(t+T,) '
1+ Ts+ LS g :
| 2 |
~Dynamical model of ¢
Lateral rider-motorcycle system |,
displacement
Time Prediction | Proportional | Proportional | Integral
delay 7, time 7, gain K, gain K, 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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BiET —F7 7 F ¥ OB SDIVI:.

HIERRRE7 > A M R T A
g g
LN
<<System block» ’r/ 971 Z

—— e ——
? l’ Kinterface»

| “I-CPU Processing
" «Process Digital Roll Rate ()
«Receive Digital Roll rate ()
sDeactivate Control ()

'sDeactlvate Detection () ||
[

— -
&> | - <<use>>

U FmiEs

®Manual Operation

NERL RT L F—H508R
m/mass

=mass : kg
wdata capacity : bit 1 L

12537x—R |4/?nei

“I-Data Recording &syncintepfaceLinky

M nterface» I
interiace | =Record Digital Roll Raty(/)

“I-Front-steering Shaft

use>>

aUtilize Coiol ft-eerin_g Torq:e ) ' . L@ EJ 1 C PU

oCPU Processing

sweight @ k

Servo Motor Actuation ; ©
oA/D Conversion

&synclhterfaceLink) 1

wweight : kg

iA “weight : k
H” **%im :::;::5:] . ch motor arate of infoMﬂBnation throughput\: bit
“rotati d- “memory :

Front-steering Shaft :;Z;&:"t:r‘;eui i <";'8 Nm __|=operating frequency : Hz

sinertia : kgm"2

sweight : kg !
=steer torque : Nm 4/971_x Kuse>
Xj_—A I “I-Servo Motor Actuation

I Generate Assist Steering Torque (),
Use Analog Control Output () /I

1

sresolution : bit

vy k“zAl DZ

&rfaceLink))

Kinterface
ion

<<use>>

g 4 /971—1

“I-FACS Controller Execution I
«Use Processed Digital Roll Rate ()

“A/D Conver:
= Convert Analog RQI? ﬂate to D*gltal Roll Rate ()

Existing Motorcycle Systems

=classification : street motorcycle
“mass : 150~250 kg

=wheel base : 1.3~1.5m

=caster angle : 26~27 deg

Cuse)

=velocity : constant o ; I
=moment of inertia around y-axis : kgm:Z D/A Conversion l=calculate Digital Control Olétput @)
“moment of inertia around z-axis : kgm”2 resolution - bit -—em e = = o )
=moment of inertia around x-axis : kgm 2 aspeed : Hz.
wmass : kg
oFACS Controller Execution

oRoll Rate Detection

= g ) Ter— a i iod :
4} 7& X smapling period : > 0.001 s “mass - ke
: — =type : angular rate sensor
%'] ?ﬁ] %%1‘]’ =permissible error : %
arange : —30 deg/s~+30 deg/s

IﬁConvert Digital Control Output to Analog Control Output () _ D

“I-D/A Conversion
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SDIVI: .
EERH I Y A

Controller (PC) Roll rate sensor
Servo motor
Steering — : =
Y %“iﬁ' T\
torque 7‘® ) , \
Roll rate
Servo amp.

a

Controller(PC)

build by Real time workshop
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Rl R DTZbDINF A NY) v 71X

SDIVI:

<<constrainBtProperty>>
_CP4 : BREN LD EL

51 EL
BierILY

<<constrain;:Property>>
CP5 : O—)Lf4 51

O—)LA

disturbance : T fdd(lg)

<<constraintProperty>>
CP3: A5 —1&HtETIL

ycd(k)

SN —DLEBEEEELE
ZRETA T AREEETTIL

T frd(k)E

T fddk) cp1

KconstraintProperty? 6 xcd(k) 9 xcd(k) "(max| 8 xncd| — max| 6 xcd|)/

A HBEBERONEETI

¥ ite _ - ,
Xcd: state variables with control, Ucd(k): R 01

%)

)—>
kLD

T wxd(k)T

RELL

Xcd(k+1) = Acd(k)*Xcd(k) + Bed(k)*Ucd(k)

17 frd(k) yodtd| vod(K) -

T wxd(k)
—; A T fed(k) w xcd(k)

max| 6 xncd| > 10%

= @ xnecd: roll angle without control

+ Ecd(k)

<<constrainHtProperty>>
CP6 : &% i 5F i

Input torque,

[lycd(N) = yt|| < 0.2 m

yt: lateral displacement target

H iR
~ILY

KconstraintProperty O—JLL—bk

CP2 : #i|fEHZS

A 7 fed(k)|

AT fcd(k) = Ckd*Xkd(k) + Dkd* w xcd(k)

Xkd(k+1) = Akd*Xkd(k) + Bkd* w xcd(k) wxcd(k)
L

<<constrain;cProperty>>
CP7 : #ilf#l A 1 5F i
I|A 7 fcd|| < 10 Nm
AT fc(i(k)
Calfi: Eed
kLD
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Lateral displacement [m]

SDIVI

L—F = 0 VRO 32 G e

FEFERETILOZAL— 3y

BEM36 MODL—FIoP — RBESA T — (Rl HY)
E%:éo km/h R — RARTA S — ({E7EL)
A1 LASVEL: 25 Nm, 0.7 s~0.88 s - = =~ RARETA T — (Hl{EEL)

7 A EERSE : 0.7 sLUE
RBFRSAZ —DFHEENFIX1.0 sLIRZ

MR

S.)J
N~

[\

&
i
Roll angle [deg]

(-
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EFEEY A5 A

» REFREATLOEETOERH

» BFE5(2008)
AN FESYTDT)Toiat—, TF7/\VTE@EUEE2A
SO THESEAIETHRMICEEZNERT S.

ANFET)Toa— SvITYFoa)— IF7INYT

ey

S—tRIEDoHEED EBBE=EZETIR RYDIARILF—IRIR

“BES, BRHROEERLMARR, BAERR . No. 63, 2008, pp. 28-31
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MR DSBEEBMEZD ﬂ/fl%'l‘iéﬂj :
UicEEIRINEE

289
(REEEREDIER
EE2NDEH L R/LE—DIRIN
=SORISBEE0OIMNE
R2DRBIRE 7

B (RO —RILZY —ICXT BiEEEm

q @J 2D 70T« THIEIDEFE
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JEFTWFZE  (Kato, Nishimura et al., 2007)

y TOT47=Z—mRILARZ—IZ X555 FRE(AKB)
Z—RILRA—IZ&Y, ARV ILA ISRV ERDEARL
TWASEIDOKREBEDERZINFHT 5.

&

——RILRA—II T E DRI AREIZHFHT HH, KEEFED
TREIFTHIIEEHERLT, ERFEIXETIEZTLED.
Sy ITRILMIR I DEXEFF L.

AKB

/

—

M. Kato, H. Nishimura, Y. Amano, and T. Shimogo, “Injury protection control of occupant legs by active knee
bolster,” Transactions of the Japan Society of Mechanical Engineers, Series C, 73(736), 3185-3192, (2007).

48



SDIVI:

JEFTWFZE  (Kato, Nishimura et al., 2007)

y TOT47=Z—mRILARZ—IZ X555 FRE(AKB)
Z—TRILREF—IZKY, A RYVILA RN L ERRDVIERL
TWSEIDKBEBEDERZFINGITS.

—INILAZ—IIRE DRIABEZHNFIT D5, KEEED
Tﬂ/&ﬂﬂ%ﬂ’d’é;ttﬁﬁb’c ERH=ETBEATLED.

—>ZYTNILMIR D REFHL.
Maximum load to each femur Vehicle collision speed: 55 km/h
Without AKB 2200

With AKB 800 Decrease by 1400 N
Maximum lap belt force Increase by 800 N
Without AKB :

With AKB
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y AVTFEXRRNARILTA—RY—RAFYAEEZD.
y A—RT—XIFVRTLDOBEZFEE T B.

//—Eﬁ@mu i

Detect Vehicle Collision
Existing V ehuleé\xl\\ /Occupant
GEn
Perferm Occupant Pretection

BRI B D K1

Stop Protective Control

Protective Control System

» SbIZ, V=T VAR TA—RT—REEIRT D.
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SDIVI=.

o

S PR

y O—H AR FEEEZRETD.
» ElIIEETERLT, EROEFHIRILF—ERINT S.
)

[
BITEERZZTTRIAICEBE#}T .
BREVATLNEAEZHRERT S.

Perform “ccupant Protection - Loglical
-protective control system [Logical] | existing vehicle system | occupant

1: Absorb Vehicle Kinetic Energy

3
3

4

2: Start Pro‘;ective Control i

EE DMK 3: Move Occupant forward
| 4: Restrain Occupant

L

o1



RHE 50 1

» =V RRIZEBHHND, RERESRTLITLL
TOWEEICHBEND.

s 18722 00 7

: R D AR A

R 511 D BALA

REDHHR = SDHICCOWEEENITTS.

REDREOHRA

RERHE AT LD

Iml ml
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EEOWKR (T7FYV T ALN))

y IR T LDER
REFD it gs, TRmER, EEfgR

e restrain Occupant - Logica

2: Detect Knee Contact
v |
st

3: Start Restraint

1: Produce tRestraint Force

W FEEB D3R

|
L

4: Producd Restraint Force

TR DR
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System
Design

And
Management

HRAG IR D 1 il 4

» POTAT=Z—mHRILAZ—DHEAFEHDOHESYT, VTN
ILEDFR AL L THIE T 5.

» KERETTE

= &SI NIV EDME A Z R EICHIH T 5.

Control of lap belt force

R 5T 43 L R ER R Al 1R

l ; Lap belt force Contact force Lap belt force

Cooperative control of
knee bolster and lap belt
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SDWVI
By I )y 2R O il R (22— A7 —X)
» FIEAEMERE 55 km/h

Mitr

300
<,
E200
g
2
4=
o s A
E 00 (LR EMNO misEiid
a (0.063 s)
0 | r r
0 0.02 0.04 0.0
I Time (s)

RINE A =R %
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» SYTARILNS B ERRIEMAN fo DIRTE
KR EREDHRKEDHK/IME
FYINILE A DEKRIEDFHF

» B RIEEEL
KEBRBREOXRKNEZH/MET S

min [fpp
X,fB,fc

fEF" = max|fer (1)

1 I . CF

ke — =
fer SkPyr — SCPYF
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REDFEAARFZ
iR R

X=Ax+Bu+Dd for te|0 ¢/] : EEEBIEALAT

X=AXx+Bu+D.d fortelt. t.| Etpiems

g
x(()):[() 0 0 O]T S HA K B HHERE0 m/sD

29T NV (=
)20 friel0 1] Il mrERRERS

fB(t)szmax fortel0 1] SYINLLNOBALE
C
o

ﬁ@ﬁ’é%i‘d’éo

) %0 m/sd)é_;%la REDEHFADEEE
FoCb=%EEHDAR
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Displacement (m)

T AR HIAR O e i A LS

>
[E—
(\®)

0.08

R

=== Collaborative control

/o control,e*’

s*

SDIVI=.

0.04 0.06
Time (s)

9 7\N)V Mh

0 0.02

0.06

0 0.02

0.04
Time (s)

[ 2Pl
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Lap belt force control
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