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Abstract

Being many proposals for driver models in the previous research interpreted in various theory (torque
control, steering angular velocity control, steering angle control, etc.) for research purposes. Generally,
steering angle control has been widely used because the control input to the vehicle model (Plant
model) is the steering angle. Additionally, nonlinear elements that cannot be formulated and dead
time as a driver model are treated as remnants that cannot be explained by linear control theory.
Furthermore, regarding the dead time of the driver model, in a driver model configured on the
biomimetics of bat flight maneuver, the dead time is actively inserted into the control law, and is
interpreted as a control element for determining the timing of course following. The motivation for
this research was the idea that the concept of remnant can be interpreted as a disturbance on broad-
definition in linear robust control (uncertainty that cannot be modeled by linear theory, for example,
environmental fluctuations, modeling estimation errors, control input by nonlinearity of the actuator,
observation noise, and fluctuations of the plant etc.) .

In this research, we define remnant as a steering input disturbance’ (stimulus) and would report
the results of verifying whether the concept of remnant is equivalent to broadly defined disturbance in
robust control theory returning to a mixed sensitivity problem using sensitivity and complementary
sensitivity of the closed loop configured by the Driver In the Loop, which is a design index of robust
control performance, and would report the practicality of proposal diver model.

T:In this research, the disturbance is not a general disturbance, as it functions as an override to
the reference vehicle trajectory.

Key Words: Driver model, Sensitivity function, Complementary sensitivity function, Remnant, Input
disturbance
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1. (FC®HIC

BERP D FTANEF NI, BB L ORFVOIVO g
HDHD, FNFHEHRDI20, WAHWBRFER (F v
7w, SRR BRI, BAEAHIEHG) S Tw S,
ZOHRTHE =7 VETVANOBIERINEMTH D Z &
LIFEAEAL C o TE 7z, /2, FIANET
WELTEAMETE R WIFREER B LU, LERMICS
WORIERIEE R TR TE b LTL AT Y
k% (remnant) & LCHFoTWb. 51, FIANE
FTVOLIERERIZOWT, I 7Y ORITATEIC BT 53
443 A5 14 27 A (biomimetics) % H#E TN & L THE
HELZRFIANEFT VB WTIE, /2R 2 RN
FIHIANFAT AT, a—2BRSA IV 7 2NB72
DOHIHER LR T 5.

OV AT Y bOBEIE, BB AZ MHENZBT BIA
FoME (REEOZH), 7))V ISORMYEE T2
F 2T — FBIER ORI, BN, SIS
e ERIEHECIZET VLT E R WAHEEN) SR 2
TENTELDOTEREVDREV) TA T T7HHFEOBHKT
H5.

AW L A F >~ b 2 3EAEASEL (Stimulus™) & L
T, TN 2 bR O % EHEEE Td % Driver In
the Loop ICBIT BN — 7T DORKE, MHAHRESEIZX S
RAKEMEY RESELILETLAF Y FoM&N T
N N B B IR FEDOHVEL & il Td % H % ME L 7z
WRBIO, FIANEFTNVE LTOEMEZHET 5.

AWFz2ix, MBD (Model Based Design) T @M L
MATLAB"/Simulink® % MBD > — )L & L CTHiJH L7z,

T 22 TOHELIG HEETIIMNIN T 5+ — N —F A

F&LTHIEL TV 2O THIREARDOEKRTOIL
Tid7 £ Stimulus (Y A7 LA~OH) TH 5.

2. FZANETIVOIEE

2.1 LALF> b (remnant)

L, BESEATEBRCH LT R I A N F—nN=5 4 F
T EVAF Y MELTRE#RT D, BRLIZVLAF Y
b & HEGEATHNI S L COEIEAIIMNGELE LTI KT
ANEF VR 7.

2.2 B#fefsFE

Ko AN, Behre =710 LCEIET 554, H
SOEATHN T B A A2 V0 Ul 2 A D o e % 47
Vv, X5 CHEGETEENCN T A AR ML LTS
PRI Z T o TV B EEZONS. FIANICED
BAEAFIHO FIANEFLEZR LIRS, K1 TR, F
J 4 3138 (Simple Vehicle model”) Ol TH 5

- L— A AZILRTH AL, HEEAFHERC
WY BEE AL LTRAILEBIET 52 L 2R LTY
5. B, HPorESa % (Sensing Dynamics) %, F
SANIZE D ENEBEOERE 2 RTIDOTH 5.
FoREOREREE, S—L— & B R
DMK TH H7%, BIISE ORI LATed: L7
VBB LERIETH LI —L— b r DHZEH

o —
WEETHMHETIV.
Diriver mdel:SA(Steering Angle Control) [Vehicle ]
Remnam|
m' 1 Shosing Aegd .—‘J-kh r-Jxl.hI—mm’
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Fig.1 Driver model by Steering Angle Control

2.3 iRfEAEEFIE

FIANE, AT 80— AHED X9 2 B S8/ HRAEIS
L2 2M LB LETH B HAE, HESEATHRNI S 2 W
IR LA RSSO 2 77 ) v SRR AT, X5
\Z HEEATILEN SN 3 2 A & M s & LT % 8
AREHEEZIToTnBEEEZLNL. FIANTL D
ReMMEERMO K4 NETFVER 28T, K2 T,
K5 4 N3 HW (Simple Vehicle model) O #l#l&ETH %
S—L— MRERZLETH LY, HEEITHERNC
W oA E AEEE L TR LIRS 22 L 2R L TW
5.

[ Driver model:SR(Steering Rate Control) [Vehicle
WL

Revnnant.
n= a%%_{>vﬁhdw{]ﬂ“~ww;;
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Fig.2 Driver model by Steering Rate Control
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Fig.3 Driver model 1 by combined Steering Angle Control and Fig.4 Frequency characteristics of Steering Rate Control of

Steering Rate Control Fig3
(1) #EfesmHEHI#E (X 3 @ Steering Rate Control 7 ‘:
wy2) OREBIEEREENA B LT, (N o
X (1) IRT. MABEY, & (1) LYEHE .
WHEHR T BN SRR LTS, N A .
SSABFPES, TSR MERET S 2 BRI L 7 0 .
V—DHAHTLPMHERTESL., kB, ToOT7) 0O s 0 o0 o s
T —IIH/MELEIHIRERE & L C ORKERRE TR L Bl .
HAFT) v IO R TH S . Fig.5 Frequency characteristics of Steering Angle Control of
T 1 ¥ 3 @ Steering Rate Control 7' 1 v 7 (X & # e
BATT) v TR EIRT 5. ,
(2) HfesmbE (X3 o Steering Angle Control 71 v g °
) ORUEHIGERE RN 5 5 L0, (ZENHE R c
(2) g, F5BIY, R (2) X0 EMMER o
WA TS ARERIRL TS, T—/3R £
BEPEIE, TSR MRBECH 2 MR 2 7 o "L : : , 2
ShbHIENHATED, B, COTFO ’ T e ’
T — 13 ELIIHI A RE & L C OB ERETlE R < Fig.6 Frequency characteristics of driver model 1 of Fig.3
KRR AT T ¥ TIRREOEFEETS 5.
T : X 3 @ Steering Angle Control 71 v 7 1Z#%1& G (s)= s (1)
BATTY v TR ERT 5. T s+
(3) FIANETIV]L (K3) OREBURERFEZX 6
BLU, EEMEER (3) WRT. R6BLU, Gmgﬂ:i% (2)
X (3) LY FIANETNREIET 1 V5 (APF,
All Pass Filter) & L THRBELTWwWS 2 EEX LN G, 1(S):(s+l)(s—1):s_—l (3)
. B, X (3) OREEFME, HLV—7Ich (s+D* s+l
7% APF f5EZ2 R0 TH Y, WL —TmEH
BORZER BV —T%9T 5 ERREMI 2% wiz, X (1), X (2) BXY, X (3) 25, F7
%) LSRR D Z B ITER SN, ANEfeR A LT3 &S8R FIANETIV2 %K
FRORREDPS FI A NEF IV, R, AR TIWORS. &, 7 OEE /XA (feedthrough pass)
FRPEIC X ARG REREE LT LT, EERE M X, BERTH D ATAEM B LT, i e s A
R EERR L, AR RE ClE e <AHEL (LA ) FEN, BAEKBEHMRICKMINE I Ers, 2HR R
REREREE LTEBAL TV A, TT Y Y T RREOWG R ER SRR IS I NS X9 I
T 582 TH 5.
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Fig.7 Driver model 2 expressed by Eq.(3)
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Fig.8 Proposal driver model 3 (typical)
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Fig.9 Frequency characteristics of driver model 3 of fig.8
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where, a =3.14" /s
3. RTIA4NEFILOERIFTE

2EETHEE L7 RS A NETI 3120 L CTHIEEIN % TH
AW (V=2 )) EFNVEMASbEIRET, F

T A NETI 3 OB 7 5 & S0 L 7z,
B, HHLEYIaL—YaryTuy 7&K, #HE

CTHETFIVEICAE]L, YIal—Ya e E2, &
Bl (REEHER) 2 (5) 1IRT.

P AL 5

where,

_2(lf2-Cf+lr2-Cr) _2(lr<Crfl/--Cf)
11— IV s 2 T 1 ’
2(.-C —1,-C,) 2(C,+C)

4, = zf : -1,4,, = L >
m-V m-V
21,C 2C
B =21t p ="
1 m-V

Table1 Simulation specification of vehicle model

J[rad] Front wheel steering angle

r[1/s] Yaw rate VS::gle
Plrad] Side slip angle

m[kg] Vehicle mass 1460
[ [kgmz] Yaw inertia moment 2050
[[mm] Wheel base 2550

I{mm] Distance from CG to Front wheel 1070
[{mm)] Distance from CG to Rear wheel 1480

C[kN/rad] Front tire cornering stiffness/ 1 tire 345
Ci[kN/rad] Rear tire cornering stiffness/ 1 tire 46
V[ m/s] Vehicle velocity 16.7

Table2 Simulation conditions of driver model 3

Driver Single amplitude[rad] +0.1
steering L 0.628
input Steering frequency[1/s] H(i)gvlz 6.8
Differential v
frequency a[l/s] 3.14

note V means arbitrary.

(1) MIOWERFWER" X0 T4 S EEE5E 8 2 e
(FF 4 NEAEE D $50.628/s) OYsarid, e
QDOIRIFASERAE A FEQOIRIFIH L TRE L HN
TBY, FIANEFIV 3 ORI X D
FEA IR SN T WD Z E DR TE 7.

(2) HI20ERIIEIE" L0 FJ A i) a0k 2 i
(KT A4 NEERERE D E6.28/s) DAL, Hft
FEQOIRIEL AL ACDOIRIFICH L TRELHNT
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Fig.10 Simulation block diagram of proposal driver 3 model

BY, FIANETFIN 3 OBEEEC X0 e 8
FERIBIASRA SN TV b 2 LR TE 72,

(3) LEOERPS, FIANEIEE L AF Vb EER
ZTY A OBIHE SN 2 8 % £ IKE - HIH&
B X BMEKEREL @A L2 F I A NETFN 3
DFEAVEE R TE T
TR ORBRENIDTO LB, EEMENIE

KOOy I 2L —Yary7ay 7 O&FHIE L
IR 5. NI A 38 (O driver steer),

Bt A S (@ steer rate), AEA (@ steer
angle), #Ef (@5 ), MIMEEE (G lateral

ace)

driver steer{rad)
=
Tateral acc{m/s®)

!IJ

time(s)

@idriver steer (@steer rate (Fisteer angle @é  —Elateral ace

Fig.11 Control output by the driver model 3
(Driver steering input frequency :0.628/s, a=3.14/s)
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Fig.12 Control output by the driver model 3
(Driver steering input frequency:6.28/s, a=3.14/s)
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Fig.13 Frequency characteristics of vehicle model

4. HILSIZCEB R ZANETIVOREE

MBD % Bi % & HILS (Hardware In the Loop
Simulation) ZHWT FZ AN (b M) 12X % BAE IR
REPOEELZRIAN () OREMKE FI7413E
TV 3 OEFeREE (RURURERE) ZHEKGEEL, FF
ANET N 3 OEMEZ R L 72.

LIl S I 7 B RERPAI GRER & L TR 4 412 X Bk
ITakflie LCHEBLA. 2B, ZOERE, A% ez
gL Leiifetm s AL B sl o&RR (1.23001) %1%
THENt L 7z.

4.1 HILS EBREE

FEBRIZ N L 72 MBD 253 E HILS T& % KAUHIEE
1t $e 4 92 Br 2% & (Next Generation Intelligent
Experimental System, NGIES) # [X14\Z/R73. A3 E
CEMEEEICL DRI SN, FEBRIC N T A N)SEE L CHE
Pefie & I L7 B X O, BRI LS5 2
LR LEETH 5.
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Fig.14 Next Generation Intelligent Experimental System HILS
(Hardware In the Loop Simulation)

4.2 HERZM

HILS 121, 3BT LZE—2Z VEFVEBEAH L.

EBIE, # 3 OEBREMTHE LA 0 — LB

0 9Eht L7z #AEE P E (3% 3 b Steering frequency)

i, HWMHEEEZ LS LI L TREBRAT T v T

YIRSz 277 ¥ 78 (FERER) o

TR % 1T 5 72.

4.3 EEBRHER

SRR A VRS S B B R A, SRR

MG T A HEEIZI—L—Fr2@H L yw/d,

7/ 6 ORBRAZER R FE L, MEs® (v/o,

7/ 8) ZRIBIRY. AROWEREIEL, I—L—Frk

Bl 0 £9 3808 § DMK Th 55, TR 5

HIEEFNT 250 TH Y, BEEEOMII LAREL

BV BB L ERISETH LI —L— b r DAREFHIL

7z,

(1) B15I2BWT, $RIE6 6 1R 2 Hif w TR
WRBIEEBE (R yw/ 01~/ 01) ORBIIEE
BEPED S, SRR A SRS B 0 — S RS AR L
TWa, B— S AU 71 Y —
WHHLIEMNSL, FIANE, HRERATFTY V7
SRR AR R O S R 2 EBL L T B 2
EDMFET & 72,

(2) HI5ICBWT, BHEMEES ST 5T —L— b7
* CORMBIZEREL (Bh 7/ 01~1/64) DR
BUZSEREPED ©, BRI A S5 5 2 A /S 2B
ZRLTWD, NA S AR 71
T BT EIrD, NIANL, AHERAFTY
¥ T R R OB R A B L TV B
L AWEETE 72

COMERKENS, 2EBLY, 3ETHIB LA N4

DN FOVARERAE T WO & o THRIE S A ¥ 2T S

REIEAEED X O, AR 2 1S X o TRV AT T

VW2 E LB B RIEHEE LTHET 52 2T

&7,
Table3 Slalom test conditions
(Straight=60m)
(Distance of
Ref. Pylons=30m)
Trajectory | Amplitude=2m)
Case Vehicle velocity [m/s] |Steering frequency [1/s]
1 2.7 (10km/h) 0.28
2 5.6 (20km/h) 0.58
3 6.1 (22km/h) 0.60
4 8.3 (30km/h) 0.93
5 10.8 (39km/h) 1.07
6 11.1 (40km/h) 1.15
7 13.9 (50km/h) 1.49
8 16.7 (60km/h) 1.75
9 18.1 (65km/h) 1.80
10 19.4 (70km/h) 1.94
11 22.2 (80km/h) 2.26
10! 1o
— o1
g = B
_E —
e e e —
- =yl
= =r/d
- — s
- —ri8

Frequency(rad/s)

Fig.15 Gain of frequency characteristics by identification
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FARGEEMEL <y F 7 THIENS, S
PR A GRFAE L CHEATE 2 2 DR TE
7z.

T 1 22 TOHNELIZ HEGETIENIS 3 5 4 — 3N —
A4 FELTHRIEL TWDDTHlBARDER
TOMELTIE % £ Stimulus (¥ A 7 A ~OH
M) Ths.

(2) FIA BRI 2Bt (EHIR) O%éa,
HEEATHBRN 9 2 (2 % MR & LTy 2 8
Fefa AR E R RO L 7T a Y —2d %
CEDKGET & 7-.

(3) FIANEfEraE Bl (BN O%éE,
HAEEA TR 2 2 % f i & L CRAIS %
Be A BB 2SR E B DR & 7 Fa Y =05
5 2 EDMRETE 72,

(4) FIA48%, BHEGETHRE ORAZIG U CIRAEA
T & e MR A T B, E3EER
AT >TCWBHEEZ LI LN TES.

(5) FRYIaLb—=vayLEZRIANEFTVDr—2A
TIEREBAFEIC BT, RN v FIEEAB
N7z TAUSHI ORAE - BEOINHEE O J& % B D
Joy FREESHINEE L I - - (B®IiE, H
WAL B X AHEAEEE 7) A5 LA B
Ly FhE LTl —0Hs T EaR L.

(6) /v FUED S 2 Bfehith & itk % M T S ¢
22T IABE—H"Y ] EE KBLTE Ak
BIRETLHIENTE.

T3 (5) ®An (3 — L — b—HE Y f4530F)
NDAHT 4T T 4= KNy 7 Vv—T DK

(7) GHO KR 437 VIEGEIRYEN %2 EiEHECH
D, SHRI0ALEOBERA I X 5 BB & 51 L
T,

B, ARWF%1E MBD (Model Based Design) F:(2HI
D, FIANEFTVOWE (25), FIANETIVOH)
FIEHI (338) BX O, HILSIZX 5 FF A4 NEFILDIHE
%€ (4 %) 121X MATLAB® /Simulink® % MBD ¥ — )V
ELTREALZ.

# OB

ZE o X 9 7% MBD % # M L 7222123 T MATLAB
BETHY, 5D MathWorks £ MBD ~O H ik %
WfE5 5.
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