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RESEARCH ON BRAKE-BY-WIRE CHARACTERISTICS
AND CONTROL STRATEGIES FOR MULTI-TERRAIN MO-

BILE ROBOTS

ABSTRACT

The stability performance of the wire-controlled chassis of mobile
robots largely depends on the wire-controlled braking system. Researching
e stability control strategy of the wire-controlled braking system is of great
significance for enhancing the overall stability of the vehicle. When the
vehicle is braking or driving in a curve, the centrifugal force and braking
force act on the vehicle jointly, leading to the transfer of the vertical load
between the wheels. This phenomenon is likely to cause under - steering
or over - steering, as well as the problem of a relatively large braking dis-
tance in traditional vehicles. Therefore, this study proposes a stability con-
trol strategy. When the vehicle needs to brake, the required braking force
is determined according to the target deceleration, and then the braking
force is distributed based on the distribution of the vertical load. On this
basis, an additional yaw moment control module combining fuzzy PID and
PID control is introduced to control the stability of the vehicle. In terms of
driving stability control, the additional yaw moment control module based
on wire - controlled braking is used to control the driving stability of the
vehicle. The main work contents are as follows:

(1) Based on the structure and operational principles of the brake-by-
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wire system, a corresponding system model was developed using
AMESim software, precisely configured with actual system parameters. A
comparative analysis was conducted between e maematical model of the
brake-by-wire system and the AMESim simulation model, validating e ac-
curacy and feasibility of the established brake-by-wire system model.

(2) A wheel speed-based PID stability control strategy is proposed for
straight-line braking. For curved-path braking stability control, e required
braking force is calculated based on the target deceleration and initially
distributed according to dynamically estimated vertical loads. An addi-
tional yaw moment control module, integrating Fuzzy PID and PID algo-
rithms, computes the required corrective yaw moment. Finally, a braking
force distribution module allocates this additional yaw moment to individ-

ual wheels, thereby achieving stability control during curved-path braking.

(3) Joint simulations are carried out based on Carsim and Simulink
and AMESim software to conduct simulation analyses on the curved - path
braking stability control strategy and straight - line braking stability pro-
posed in this paper. The simulation results show that compared with the
proportional distribution method of traditional vehicles, this stability con-
trol strategy performs well in shortening the braking distance and in terms
of yaw rate and sideslip angle of e center of mass. In the joint simulation,
Bezier curve conditions, Double - lane change conditions, and Turning
conditions are set. Under these conditions, a simulation study of the vehicle
driving stability control strategy based on the brake - by - wire system is
carried out, with the yaw rate and sideslip angle of the center of mass as
the main evaluation indicators. During straight - line braking, the braking
distance was reduced from 84.93 m to 80.67 m. In the curve - braking sim-

ulation with initial velocities of 30 km/h, 60 km/h, and 90 km/h, compared
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to traditional proportional distribution, the optimized distribution de-
creased the average difference between yaw rate and the desired value from
-0.11 deg/s, -1.16 deg/s, and0.94 deg/s to 0.03 deg/s, -0.79 deg/s, and 0.56
deg/s. It also changed the average difference between sideslip angle at the
center of gravity and the desired value from -0.05 deg, -0.13 deg, and0.93
deg to 0.01 deg, -0.05 deg, and0.50 deg. Moreover, during curve - braking
tests under decelerations of 0.3 g, 0.5 g, and 0.7 g, the optimized distribu-
tion adjusted the average difference in yaw rate from -0.47 deg/s, 0.50
deg/s, and0.94 deg/s to 0.36 deg/s, 0.36 deg/s, and 0.56 deg/s. And it altered
the average difference in sideslip angle at the center of gravity from 0.48

deg, 0.78 deg, and0.93 deg to 0.22 deg, 0.20 deg, and0.50 deg.
(4) To validate the effectiveness of the proposed stability control strat-

egy in improving real-world vehicle dynamics, this study conducted real-
vehicle tests under two typical operational scenarios—steady-state circular
motion and turning maneuvers—using a test platform equipped with a
brake-by-wire system. The real-vehicle test results demonstrate that with
the activation of the stability control system, the vehicle exhibits signifi-
cant improvements in key stability metrics such as yaw rate and sideslip
angle, thereby validating the practical efficacy of the proposed stability
control methodology. During the steady-state circular test, the mean yaw
rate decreased from 15.00 deg/s to 13.39 deg/s, and the sideslip angle at
the center of gravity reduced from 8.49 deg to 7.07 deg. In the cornering
test, the mean yaw rate decreased from 5.99 deg/s to 5.44 deg/s, and the
sideslip angle at the center of gravity decreased from 3.75 deg to 3.41 deg.

KEY WORDS: mobile robot, brake-by-wire, additional yaw moment,

control strategy, vehicle experimental validation
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K 4-16 A [ il ) Jaliak 52 o Co 0 4l £ %58 EE
*4-12 5HIE P EEE
JEE a=0.3 g JIEE a=0.5 g IR a=0.7 g
ez~ 0.22 deg RERCTiRG 0.20 deg Pepe sz~ 0.50 deg

B ZEAE B2 B ZEAE

EL g 1 0.48 deg EAVEay IR 0.78 deg EAiEa IR 0.93 deg
EOP e Y7 B 7

Il 4-16 Pl /2 e B2 B T o451 2 B 7 S ADRAL 7 BE T S AN R i sl sk 2
35 Lo Al A7 T Lo T DA A AN [5] £ 1) S B2 DA 20 S D75 5 FRD i () v
FARECT LA o T Ty S0 S el T 3 AR O, 4R T IR ZE B TE | B i
R EME . B3R 4-12 W JA LA 70 e A 25 22 48 5 300 82 A 25 24 B 5 1) s o

FERIBEINME K, HAFE A A R OUAE & O BLR -

4.3.5 RMERBEREREIES 517
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AT IE AR LT 15 T 140 25 T A 20 A 4 ) S S 32 0 S UK S B T X A
B SR AR T A R, TR T AN [ Zh AT BE 1 05 B0 BT, 1 BT 433
€N v=30km/h. v=40 km/h LA v=50km/h. BB ETHAN: RKETHEEN
100 m [ZEATHE, VILREEAIFE, EFFAEM VRPN, HIZh0E A 0 ZerEs K
FEi KA a=02 g, BEERIFZEEE AL, HBEFEEIKH 0 km/h i, fTHZ
Wo R AR H i g (D0 BC 7 580 FIELA 3 I 07 S8 IRVR G- 400
R A8 DA 5T (0l £ 1

250+ — KW 350+
— A 300k e il
200+ — et = EH]_J#E
= il =250} — JehEkk
g £ 1 Jake
E£150 £200
H H
100} %0 150}
100}
50+ sol
0 L L L ) L ¥ 0 ) ) L L L L B
0 1 2 3 4 5 6 0 1 2 3 4 5 6 17
i 8](S) i )(S)
(a) VI3#E v=30 km/h (b) WIEE v=40 km/h
400+ ' ' T
L — i ]
350 —
300t — Eit
5250_ fifist |
%200-
#1501
100t .
50F
0 " ! h Y
0 2 4 6 8

B [8(S)
(¢) WIEFE v=50 km/h
P 4-17 AR B 35 5 THT EUA 93T AS [ A 33 3 e 3o
K 4-13 LB BT 2 e
VIR v=30 km/h WIS v=40 km/h W1 F v=50 km/h
BCFHERE 1423 mpm R 1CPIRE 181.8mpm R 1FIEE 2192 ipm
B2CFHEHE 1447 rpm 2P 1852rmpm R 2FIEE 2242 rpm
B3PRE 1428 rpm R 3CPIEE 182 7rpm R 3FIHRIE 221.0 rpm
BAFIRE 1449 rpm  F4-PIIRIE 185.6rpm R4 FIYEE 2247 rpm
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300 p——

ol — kit ] — ki
200+ — ik 2507 L
E Hila st =200l _‘Eﬁﬁ
2150 1 B ;
= & 150+
2100+ . &
® \ ¥ 100}
50t : sol
0 L 1 1 1 L \": 0 1 L 1 L 1 LN
o 1 2 3 4 5 6 0 1 2 3 4 5 6 7
M a)(S) IFIE](S)
(a) v=30 km/h (b) v=40 km/h
4007 — R ]
350} —#ﬁ@%‘ ]
_ 300} PRt
E asnl
é250
200}
#2150+
100} \
s0f
0 1 L 1 L
0 2 4 6 8
I [ (S)
(¢) v=50 km/h

Pel4-18 G B & 2% I LAk 73 PO AN [R5 i i
% 4-14 A FL IR -F 35 0T
v=30 km/h v=40 km/h v=50 km/h
BO1UTEIRE 1408 pm A8 1CPHRSEE 179.1pm R 1CPHEE 216.3 rpm
B2 oTEIRE 1428 pm A 2°PHNRCEE 181.6rpm A8 2 PRSI 220.2 rpm
B 3OTHRE 1408 pm  AS3OPHNRCEE 179.2rpm A8 3 PRI 217.1 rpm
B 4FHkeE 14291pm B 4TIEE 182.1tpm  # 4PEEHE 220.2 rpm

B 4-17 Fhro A2 AR B 5 B i AN [R] i S 403 15 T 1) L A5l 2 e U5 56 R R T FT 26
AR, N3 E AT AR R AN AR, A AR 3 70 R R i
T AP E R PR, SO R R0 Rl N B LS ], 3 ABS I\ E G
By, TR E A SRR R AN, AC TR R R BRI R T e =4
K 4-18 o, fEF—RMEE B IR N, KRB BT ST DA, AL
FRIIE A 73 B F2 1) SRS e % AR 315 4 e M) F) 3 B 480y 20 A BEAT 11 3 JT AT, W
RE 1% 7575 TE 1 Zhid F2 =4 rh A5 4% R fe e T B A AT A
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= 344‘
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Ll B2
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1}
.\r,a\_‘ 2.
0 L L . . M N 0 ) ) ) ) . N
o 1 2 3 4 5 6 0 1 2 3 4 5 6 7
(a) WL v=30 km/h (b) HIHEE v=40 km/h
10
S AL
@ 8™ e WG
@ T4 LA 4 i
= i S
=i :
ié af’
E
B2 )
0 s - S
0 2 4 6 8
IR [E)(S)

(¢) WIEREE v=50 km/h

] 4-19 IR PR it 1T AIE A 2 BCAS [RI AT 3 P2 R 8 A T 5

F 4-15 SIE P EER

VIHE v=30 km/h

W1 FE v=40 km/h

VI EE v=50 km/h

Pefeiz il Pz Ptz
. -0.05 deg/s . 0.27 deg/s . -0.23 deg/s
WZEE P el W ZE
ELA7] 42 il 1 EAEa NS EE B 2 i 1
. -0.09 deg/s . -0.32 deg/s . -1.13 deg/s
WZEE P el W ZE

4-18 XL 2B 7R E B _EA R RIZIPEE TR, B RS
PA B TJ5 S R IR M L . 7 B B, AEBUIR Zh 913 B T o (v=30

km/h 55 v=40 km/h) T, P I SRS (AR S A YA RE SIS AR ) R

Widrs MAEEGE (v=50 km/h) I, EGI 53 BC 75 S AN REAE 147 AN 4258 1 il 5
71, B RE A w2 BAEME, iy DC A 7 B 7 SRS PR AT DU 14 R o 2 A
BRI . AR 4-15 ARG, (AL Be S el o Fo i ZE AR Z A K,
TR A5 e o R IS A ZE K

58



S W YN R VAT

Lor Lar . L1571
= =10l fiAL L
P08 e wlop Wil
s e s el
'O T e L 4 iE
Y giel =
S04 e ER 7 I
HLE;\( 0 2 jf \+|_E;f 04 l‘.}"”:';—-_ --------

' {' 0.2F
0.0¢ : .
0 1 2 3 4 5 6 000 2 3 4 5 6
P TAI(S) il (S)
(a) YIEE v=30 km/h (b) W JE v=40 km/h
1.4
1.2} ]
Eﬁ 1.0} A
3 08}
g 0.6F ]
= 04} P HAIATRE
= e tAk s
D 02pm WM ]
= o.oz‘\ .
-02F T
~0.4 : : . -
0 2 4 6 8
i [|)(S)

(¢) WIEREE v=50 km/h

] 4-20 I PA 7 i 18T 0 A 2 A [T P52 J oo ) v £

F 4-16 5L EEEK

VI EE v=30 km/h

W1 FE v=40 km/h

W E v=50 km/h

P FE T P~ Ak i
0.04 deg . -0.04 deg . 0.02 deg
7 COPLIE] B7EE
EL 451425 1] T EE 4% 1)~ EE 45 1)~
deg . -0.12 deg . 0.22 deg
7 COPLIE] B7EE

FEAR PR 36 6 THT PR AN 5] ) B3 B 26 A T, A 20 TR 7 5 PO o A0 v 4 52
LN 4-20 iR, HISIVEEERAG, BI (v=30km/h F1 v=40km/h) I, TCit
K& LB Ay BC J7 R R ARA AN T T, T O i 1 38 R i S R AR U o 4
TR (v=50kmvh) B, LOABI o3 IiE 5 22 R T AE 1 B AR b IO AN 1 3 2R 5 1 %G
HRAFAERRZE S, SO L Co 00 v 7 ) 182 5 B AL HH B0 B 22, T AL 4
T3 AT SR AT LR (1 BR B B AR T Co R . FHR 4-16 AT I ARSE I 5T Lo O £

W ZEEBUN, AR R LEB 2 BEASBES AR U O30, 5 5 R AT
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4.4 KEINEE

ARFEFEN T HT AMESim. Simulink 5 CarSim FIBS T ET-&, S2BL 7 4L
PSS G ST B IR L ) 704 T SR SRR R G
AR, RETHFRMATES BEt. 20 THRSAES5%% EHB (Bl
HZh RGD) IRAAEEIE L) 3h M A8 22 A i 1 DU A 8 R 5 )50 A £ M
FEEHA RN PID 5 PID & 124038, 8 PR I% S A sty 2k
o T AT B AR RE M 7E AN [ A T R AN ) Bl e A% A N REAT T LA,
ESE T AL 23 TE SR W B AT S RO 3 LT e 78, OB R RS R, b ZE 4
RAGARE . FEE S ARA RIS REORE KT, Bk A S R SR %
ok SRS B Bh 4 B SRS B A T LA 3 TG S, B A SO g
F2 A7 T BT o0 s £ 430 B AR
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BSFEITRRBREMMNELKR

L

MRAEEE 3 F AR SN, A B NREE o RE R B A AT A e M AT 4%
fille ATTLAXUMLE L0 Fe T oL LA L DL SE R M 2 0 2R Ak 1 TE % Lo, JJT
X ZEARAT RS E VRS (0 0 FC A, ORECEAR R K D BUR LR BEAT A oA e A
W25 RR . IRz E VESE i SRS N B 50 25 F B0k 42 il SRS 147 Rk

5.1 ERAEMHE
5.1.1 HIEhFEERVIERE

W 5-1 o, B ZRRe AL N i 2h J0 i X R 058, AT SR/ B
RIMY R 22 5 o 35 2R Fe B o I L AN R R B R, mT LAE e ot /e ) 4 6 e
#3073 LA A IEREAR TP REAT A OE s M, I SRR AE A B I H B R
YO 75 AT 0 2R 5 o n i 5 70 UL 2R OB AR AT R R . [ BE, AR
oy 2t e R i, DU e ) 2 e ) 5 7 A ) IR R R, AT R AR )
RS, B 5-1 R, 0 AR S R N i sh 2 e 2R WD R iR 4R T4
BN, EHTRTR A R IhRE, AT SIS AT RE S TR E M AR . 4G
I8, AWEIUN TAEATE DR 17 RAEVERI TR N Se Bl A RE R 2,
WO R TN B 7010, BAKTT RS HK 5-1 Pon

Aty Sy t@a M/ (N-m)
1] P A1

5000 = EANEE JEAME

'J‘f‘ A
GO 5000
|

IR ST F, | N
F,

—-5000 |- HIAME
) M

P 5-1 AN 2R it n | S s 7 A A 43 0 R R K/ IN R 5 1]
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R 5-1 HIBI R RIS

L2 RRASE A7 P 22 R P 25

>0 Aw<0 A ) e Ja e

5>0 Aw>0 NI fifE%

0<0 Aw<0 EA I VY=t i

0<0 Aw>0 AN R 1) eyt i
5.1.2 ZEERRFRFI T

T 7 1 TR ARG E Ik % ) R G R BT TR AR IR IS AT, RGN
H G e R R AR IO T RE . JEREOLN, IR AR A L 5 B0
fii A P> RS HCH I E R B S AR e . BT Rk p kT BB, ATt — 0 i
TR R FE PR VP BT fT A D9 A RE R A X — L —di AR, VAR KRS
TR, IR IR R GUI A BEEIAE, B DR 2 AT T PO A R M R 2 i 2
FRORTSETE . 2k U0t 2406t L B R A AN, I R G U A R S AR L I R
Py sEng . JEHE AKX WF:
|Aw| =|o-w,|<|Ca,| (5-1

C.B+C,B|<1 (52)

F W7 2R A RS P 2 TR A T ) B S P E M 2 ME . 2%
E/ANF RS T ROE R, B e (5-1) &1Ent, R ZEMEAE RN, N
Jnt A shia e Ve o BeAh, RO A BB ORI, ASUASE A 438 A ok T sk
AT H 52 O BRI R HERA M ZER, GRS 30— 25 51 N0 M0 i £ 11 A % B 2 B A4k
i, Bk kRiaHE AR (5-2) Pros.

WHE CA R, AR A K ER C. Cav Go2hH08 0165, 4.385
A 2526, 3 (5-1) MK (5-2) PR E RS2 A K o Co {0 i £ 2% A4 ] it
W R I AL T RE RS, BRI ARG LHF A (HE LR FA T ER—
R RRT, WFRREHOHENRIRRES, DAL EAT RS il . AR SR
H] MATLAB/Simulink & #% | ERRAA E AR, k] 5-2 froste,
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K

(o > +
£ ]

@_m[ —
- + X
<=0

B 5-2 SRASIRZS I Wi A

503 ETFUREIRAE

AR [ Brpr#E 1SO3888-1:2018 fr g LHIRURE L il Tk, AICAE Carsim ~F
G T E AU B R, HR R BEVIRTHE Y 90 km/h,  BKIHI i E R AL
N 0.8 7 FLHTA (IR A S A0 o Ui 7 (5% Bl it 2 23 S ] 5-3 Cad T
5-3 (b) Pros. i ih 250 8 T LLER AN 38 78 22 5 AE DU 42 00 A PR o Al
J B A R I 2 F 108,

10

2.0t ' ' ' ' i
e 7R e
1.5} TR R

—— TR P |

PEAE 1 E (deg/s)

= —— R P
_10 -
o2 4 6 8 10
it [A] (S) i [A] (S)
(a) B AHE R (b)) J5 Lol fiw A3 5F EL &

Kl 5-3 UL TOLA) 45
R 5-2 NURS L LI AR A el P 1 EL A
g5 B KA /deg/s B/ M /deg/s (A /deg/s 177 % /deg/s
KT E

‘ 10.16 -13.87 0.0035 27.46
f il
HEATRRE P
) 9.51 -12.92 0.0033 27.20
|

TIRAREIR, FE RIS HIA R 7 e K S R MR MEEL, 7293
B> T 0.65 deg/s A1 0.95 deg/s. LAk, %I Al 5 A5 A7 3 B 48 05 22 70 il
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27.46 deg/s £ 27.20 deg/s, Eo 47 fill SREME £ D05 4= sh A A8 i 1t U5 Tl A% W
ROR,  PREILH B BT 428 1) 2R Go BRI 3 IR ] R
F 5-3 XUF LR 5O £ 47 L H8HE

2 5 I K fE/deg /M /deg F-¥5{E/deg %175 #/deg
KT R E M
1.58 -1.20 0.0084 0.39
P
HEAT R et R
” 1.44 -0.99 0.0067 0.29

FEMEIT S AR e PR, 2RO DR A7 1) B R B FH A6 TR 1.58 deg B2
1.44 deg, /> T4 0.14 deg. [FIWS, BTN A ZH B2 FEK, H 0.39
deg [ 2% 0.29 deg. IREIMRI, ZAaE MR S0 A R gD 1 O £
(IR RE, AE 2547 B A TEAR BTt .

504 ETETSTREE

N T HER SRS 2 B st KB A REE R RO IR I A AR R PR
RIS HIPERER DL, ASCHE Carsim {5 H TG L 1 — By e 10 /2 575 T OUIE
PR, FERTU NIRRT, AT R REOE N 0.8, AR AT B LR
N 20 knv/h,  PAORIEDT FCARAF RO LS {7 FUTE RS A5 S S A 2 45 2Rt 5-
4 (b) Fron, XMNEEARBER I LSERENE 54 (a) Pros. B b
MEBCE M H 0L, BEWE 9 AR R e 1 2 1) K 1) S B 30 285 0 o2 200 SR D A1 B2 £
(PR B

Global Y coordinate (m)

1278 —— —F — — & — — — — ———

10.00-]
8.00-
6.00-
4.00-
2.00-]
O B I B R A I R I e B B B B e B B R R !
-2.00-
-4.00-
-6.00-

-8.00-

-10.28~ '
-104 =175 -Eiw ~2E 0.0 2.5 5.0 7.5 10.0 12.9

Global X coordinate (m)

(a) HIEIE (b) TEIEIFIE
K 5-4 85 THHKRE
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25| 6
20l w5t
%020 §4 -
15t &
i st
4 10F]— FEAT R T e E_?
B TR Ao
B s Y SR TR SR
1 TR P

=
=]

1 2 3 4 5 6 > 1 6

0 0
i [E)(S) i E](S)
(a) REIEA BT EE (b) J5E Lol s £ %5 L
Bl 5-5 B 3 TAh HAs 3
* 5-4 17 HARE
AR f 5O AR £

KRATREMEHIFAME 1436 deg/s RIHATREMEHFME 3.02 deg
AT RS e Y ) IME 12.47 deg/s HEAT AR E PR T S5ME 2.20 deg
KRATREMESHIR KA 25.68 deg/s  ARIATHRE MR KM 5.95 deg
AT R E PR i B K E 23.56 deg/s AT AR E PR B KM 5.74 deg
& 5-5 }e 3% 5-4 B, B ERRAE S TE H B TGN AR E MR S RCR BEAT

TR . TEERER, RERGII NG, ZWBEE A IE R & KAE B

25.68 deg/s [ %2 23.56 deg/s, “V-IMEE A AL H 14.36 deg/s /D> 2 12.47 deg/s.

J5E O s A7 AL R AR A% AT 1K) 5.95 deg P& A 5.74 deg, “P¥CoMIfm A 3.02

deg /b2 2.20 deg. FIRHHE AR A AT AR 5E VAR 1 SENE BE S AT R AR A
5 5o A7 R Z SN, A B TR T AT B AR A AR E

5.1.5 2T NE R TRME

AR, BEE HAN B BEOR K e, DUIE IR il 208 To N 25 B - A )
A2 R AT L FH SR i o DL IR 2 10 3 B B AE Tl I T A TN
m (E RES RO LA B BT R AR, JUHOE & B AR N 8 B £ ih £k L
Mk K. BARIM S, DUZER i 2 DR L iy il 2 I e, RS HEL & =
BB LTS, TS R DR 1 A G 05 10 DA SICBIL AR 2% T 6 S AR A1 ) A
BEAk,  ULZE R il 2R A8 AR AR U R o LA R I TR VR AT AR E LT PE T, B
i 38 T 1) P B PG RS A P L SR R T I S, R AN R O T AR
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ARSI AR R . BRI, BAHEA DK, DUZE IR 2R B A
AT KR s A I T . H AR AT
(D a0k DLZE R it 2 i) & A ) AR OB IR R, KT AR
—MNEE RN 2, B SR T R . Tt AR REE
Pt A B AR AR R R AR AR A, BRI TR R, I R R ) A
P, (EFEHIERAS A I Y i 2L iR A
(2 i URFIE s DUZE IR M ZRAE 3 B F e iy S B LR W Sk (P oy SRR AGE, BV —
Sl AR AR 4 ) AR AR AT — 2% T 2R I 2 p Bt . TS R AT AL RE e E
SR, B T AR AS AL I ARESEE, AR 2 1T PR . 3Kl AR
REPEAE W e 2 BB SE R AC MY I JU O oG8, PR 1 R AR AR R OG I PR AT — Bk
(3) HZELSAFIE: 2 VIZER MR B Ik 2] —E BB CRe ol 2 B >3,
HIFNIE 97 Eo 4l DI o ek ot = E e R Rl iih oy € R D D S b 3
IR o X R R T A OR G S AE R A R R R RS I A
Rl & T a2, 2 25 TE R BN AT RIS H o
AAKRHE JTGD20-2017 55 JTGB01-2014 My, @it T —M b PiBLES =
B D IR i 2% 2 P ) AR o 123 B A R e T SR FH =B DL IR it R S T
RS A R STl 2 1)~ I I YR AE S, AR T msh SRR RS 57 B
BAIE . N X ULZE /Rl 2 8 ot R plros oo,
B(t)=Y_" PB, @) (5-3)
Hr 0<t<1, ¢+ NHSHEWIEHBIE, pO Nk LRI pi N FHEH] S
Bin() N BEWIE L 55 (Bernstein polynomial) H AR A:

B,(O=Crd-1" (5-4)
N VR DUFE R g 28 3 A R TA O -
B =(1-0F~" +tB"",t[0,1] (5-5)

% TSR AT — s Bk ST
B(t)= Z (P — (5-6)

B(t) - n(n - 1)2::02 biJl*2 (t)(})z+2 - ZEH + })1) ( 5‘7 )

90 1L Bl £
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_ B,(0B,(0)-B,(0B,(1)

K(t)=——-: - (5-8)
(By () +B} (1))
=R LR 2 A A
P(t)=(1-1)' B, +3t(1-t)* B +3t*(1-t)P, +'P,,t €[ 0,1] (5-9)

S DUFE K h 28 1Y i A ) K B0 B s -

Global Y coordinate (m)
50+

Path ID: 9998

45-

5-6 ZE i HLR LR 1A
N7 BRI ARG E VAR ) SRS 1) SE PRl ROR - AR SCHE T DUZE R il £k v 1 T8
A, JRAEDT HAP SR T ZEEL 90 ki/h B EEAT BT M R AN 0.8
TP BE o I A0 0L A BEE BEA RO SKE b =y AT B R P I B B AS W N,

Jr R E PR SR (PR REPPAL SR LA A 4K 5

20f l 20f
— 15l —— kTR P ] 151
Q) —— Sl fTRasE b ? 1o SRR PR
2 g L —— TR PER
= 0.5
it &
= E oo}
=
& 505}
5 B -1.0¢
st _ -1.5}
1 1 1 1 1 1 1 1 — -0 1 1 1 1 1 1 1 i
0 2 4 6 8 10 12 14 16 18 0 2 4 6 8 10 12 14 16 18
I [E)(S) I IE](S)
(a) FEEEAEE (b) ol FA

B 5-7 DLgE R M2k o Has R
R 5-5 UUFEIR 24 T8 i AR AR A 3 A Sk B 7 S0 Kl

4 5 e K AH/deg/s e/ ME/deg/s Y77 % /deg/s
AT RR e PR 19.42 -13.94 34.17
HEAT R e A 16.78 -11.87 25.35
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AR 5-6 DUZEIR ih 2 T8 AR A Lo i A1 115 LKA

ol % N{H/deg i /ME/deg ¥ )5 % /deg
A BEAT R e M da ) 1.79 -1.59 0.39
HEAT RS T A ) 1.58 -1.30 0.29

Fe T DUFE IR il Zeph) dt T8 R AR AL 07 A R WK 5-7 fok 5-5 M1k 5-6. &0t
OB IR, R R KR AL 19.42 deg/s FIEZR 16.78 deg/s,
H/ME N H-13.94 deg/s $21%-11.87 deg/s, ¥IJ7ZEH 34.17 deg/s FRFZE 25.35
deg/s Jii Lo i £ 1 B RAE AR 1) 1.79 deg FARZE 1.58 deg, M fe/ME N H-1.59
deg #2 @ %-1.30 deg. JLAM, RO A 35 77 22 I e, B R AT RaE 1k
FEHIRZH) 0.39 deg FEEN 0.29 deg. IXEEFE AL /B &5 AL S T A2 5 P 42 il 48 e
RE N8 0 2 PR IR A s AR I 2, RT3 i AR 00 7E 53 645 Tl M e e 1k

)
[aYay

5.2 FRE MR 5E

WP AR AR &R 6, WEFR, HEESHNEFR:
R 5T LERar & EESH

agniill=| ZH

B 100 kg

e ot & 10 kg

JE A i P 100 mm
PN 2 3 m/s

BIRERA 340 mm

LY} 10 kg

HME RS 1135%830*365 mm

AH TR A M LAZ 2 30 & R &R B it SRpeizhlsh, &z
7] e A R R A R D RE R L . RIS RGN G IR OBz —, I
J A B S NPAT AT, REVSRS B N5 %, PR B3 T R,
AT RO SR AN A A I AR R B RE M SR ERE . PG EC & T ARER CAN 4,
WIEE CAN HISiS CAN SZ& T GER B ILA BN, SCI R IRE A
S e ) 1 o R S5 S A B o A SR PR B AN T P MR A5 T

68



LAY TRER AR 22 A 15

WL, JFRCA ETERERUAC g, MO A SCHERIIEIR S, ATSERT . ROt R
KX k7 S E T 53 N3

K 5-8 kiR T4 K 5-9 Lk ksl B
2R 3l % B ) SRS BN R 5-8 Fis
# 5-8 LiEHEE B LS

i fE AL FR S| EY ]l
£ R FE AT+ 22 AL
SN )il 8 MPa
5954 M P S5 /T 60 db
HARZE A R NE A
AR5 i)

5.2.1 BEERREIRRE

K5-10 [3 5837
T 7O e T 32 ) SR ) 50t , IR Tl 5-10 A B2 k4T
W, FEEZH IR T —22E N 8 KIIRIFLENZE . Z P )&t
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o SRR R VEREDN BN HE, B FERLUR 21 & AR R 2 R BT P 1B AT AT AR
SEVE. SRITTURR B, @RS RGN T G AT IEN], SRR LIS G,
HRUAR PR o

20t —
7 ~10 T
E: & f{/“/’;’"
% 15¢ = ".r/
& HAATRAE HEEE = / —
310 — AEATREER | =51 / B
= 2
& Of I ,jif’
r/
o, . o
0 2 4 6 8 10 12 14 0 2 4 6 8 10 12 14
FIEI(S) BFEN(S)
()2 1 LR L (b) 5 Lo i £ %5F L

P 5-11 (5] REG 45 5L 5 06k Ee
* 5-9 Fas B IR A s

PR AR I3 Jo 0] s £
il KB /deg/s  “FH41E/deg/s Hl N fH/deg  “PY{EH/deg
RBATRE RIFATRAE
22.00 15.00 11.06 8.49
P4 il P il
HATRE HATRENE
19.67 13.39 10.55 7.07
Eictill 5 ]
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