% Y45

GRS

DOI;10.13878/].cnki. jnuist.2021.03.011

wmi ATE F4FE HEE

e it TR 88 gh e N A BR 4 R 1 i il & 56

HE

BHBAAREMXE ARG R Z
H£E R EBALE ARG FBAE 5 AR
FRARNREGE L, ALK T
VEATiE E A B AE TR R R A & T
—FEm @ BARAKEREG RS F
W R G F R T TAF LMK
R ARGt % B R R AT R e A
KO EITH KT AR F eI % 3
BRARRERAMIR R RO AT
mEN ARG B ARE DR TFAE
Tl A EARENM AT TR
00 AL B AU AR AR B 4 STM32
PRAMBAG R4 0 B 3% STM32 464 F
AE MR R B EAZIL 3512 5 N R
AAg B 3 Bod LA MU AR F A AL B A4S
B A TR BA R R ERAEEH 2
Gty 4y Aol iK, A & S AT unity3D
TR 69 AR E B =, #5840 B
P RE M B AT h o R AR
B Jy BARAE B R 2 R RN, A R
F BT MR T RABA A
EABRATRAAREGE A E
Fu i Ak,
KgEiE

NBAR F A, BAR A AR K
% ;unity3D

hE 43S TH703
XHERPRAERD A

iR EE 2021-04-22
HEME AKTREE QS S I E
(6142222200314 )
EEE

WY I A DR 1 o AL A
L8 A A . peng_weifeng@ foxmail.com

1 FRR RS ERRF 5 TREABE, B AT, 210096
2 FEPIR BB R TR N S
55, LT, 100094

0 35l

B H JE B A E TS BRI P E L Bt R R [ R 4
A8 I RBLE R AR K- B4 Apollo TR AN ZE A5 — kS
BB AL S5, I 58 W BRRAE 381.7 kg' ' 3R E [ 20 HHE42 60 4F
RIS UG 5 F H BB F U A5 2020 47, 1 8k 1541 55 B IR
SEPRT FR ] M AR R A SR AR IR [ Rl S b ok A TR E R T TR
“gR Y& 7 =B E MR AN e A, BEE T 21 20 R 20 IR E A T
N ERIRI AT A 40 e o o7 > b 2 B PR A TR At — 25 % e A fe
b, SEBLE B K2 R TR R 2 BRI AUk A F s AT 55

YERENE A B 28R, B 3l 2N H BRSO 1y 521
S E A A B R R P R E TR AR 5 0 A BR
R HRE&Z —, HE AR RrE J5iR Fm M %D
HVEN B, H BR G2 B R85 1) 52 0 2 2R T K B3 R — s I Bk R,
T Z AP0 AR R A o 2 #0088, 0K 0 1% 228 Bt g ) < DRt T A e B
I, B 5T LA L Apollo 3T H 19 1% 58 58 B T4k I AN BE S 2 4t Bl
ZIPVER, AR D1 & AR 1A B sl GRS B Sl R AN AT Al R Y
FEEE SRR B A SO A R A B SRR BT R Y
ERAET0 , HONAUH 458 H BR AR sh I AT g, 8 BT — 2 1%l
B30 DiRE , BENE 7L 5 22 09 7 T A 5T S B AT R D B v 2 AR I
AR BB 02 e pE 7 H g, R L2 EZR H RS A
ERERA WIS, 1R 2 B W5 HLA A1 WIER 2y 23 A T W55 45
GRS ) R BRI ST 2D A B 36 IR RR A B T2 B N T e
SEHS 2 1 Sensable Devices 2 RlBEA T &M 9 PHANTOM R 51 HAT
FPAE R I AR T RE DL S B T OB, S H R TE & B
S5t 2 — 3 ¥[8 Haption 23 B Wil ) Haption 251 24 75 H H
JEE 7 ARG TN R ) S s T R (R LR BRI T T B A ek, B
BRI ITCREE ; HAR Niigata 2= 7S B o B ) RO 38 B
7, R FHBGHE Delta Z549 5288 3 A~ F-2 B FH B2, BB A% £E I B9 [ A
TAEZS [ N AR E A X T ) OB R B gE ke 20 e e, 5 1 A0 i
TR A — 2 2257

ARICHEE G IR B AR B0 5T ) TR B s 2\ BR
TR T RS, 0 AR R0 P — B i = R0 A Rl B 2
BPR T E  ARSCHR I T —Fh A D R BT, 45 A 7S RN

i1



71 R 24 2 2E 0 (ARBIEND) 2021,13(3) :340-348

Journal of Nanjing University of Information Science & Technology ( Natural Science Edition) ,2021,13(3) :340-348

SR SE I T HE TR A2 )RR 6 1 B ) 2 R i3
s U R unity3D BPEEEST T HE AU H BRHIE DL
LR AN H BRGHERY f5 8 T R s A H 2R 41
T HBUIREE - 7E STM32 5 HLAE 1 2R 48 1 S ¥
T, SRR T ARG I g AN T B e Y R 7R
PERGENENF R GRS T AR RGEHEAT T8
K.

1 BETARGFHRABIHRANAKERE
EH RS

ARG FEZAA T BT STM32 H 7 LS
ARGV JFE T unity3D A9 H T PR 58 80 R Ge 7E
unity3D BRI S b B 3h 2 AN A BR4:a) LUAE ]
T PR b AT 18, 58 UV PRI 38 5 A ) R it
TFARAT AEE R BR G- nmT e iR e i R 4255 (]
AP ARG A B AR B UL A A SR iz a5 8., J1
Tt AR 2 AR R /NI B, DA B AR B Y
ISR B AP BT A e R DX I, AR 35 4 [
1 PR,

Bl

. | Pl
L — ) V)
4

H iR

BT RGEEALR

Fig. 1 Basic structure of the system
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to different weights

wy Wy a/(°) R/mm
0.3 0.7 33 48
0.5 0.5 46 40
0.7 0.3 61 29
0.4 0.6 40 44
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Fig. 13 Driving comparison between two volunteers, (a) volunteer No.1,and (b) volunteer No.6
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Driving and control system for mobile manned lunar
rover based on force feedback handle

PENG Weifeng' ZHOU Yekang' TAN Lifen> TANG Zihan' LI Huijun' XU Baoguo'
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Abstract With the advances of China’s space exploration, the research of related technologies including mobile
manned lunar rover has been an important task for China’s future manned lunar landing and exploration.This paper
presents the design of a control system based on a force feedback handle for the driving of the mobile manned lunar
rover according to the comfort and working space of the astronauts. Mainly composed of a 2-DOF rotating structure ,a

hand lever and a DC motor with optical encoder,the force feedback handle can give force and touch sensing to as-
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tronauts under the specifically designed environment,and assist astronauts to drive the rover safely and effectively.
The hardware of the control system receives the command signal and force feedback information from the upper com-
puter,then feeds back the position data of the handle to the upper computer.The software system builds the lunar
rover driving scene based on unity3D,in which virtual sensors are used to make driving decisions and calculate the
corresponding force feedback information.The simulation test results show that the force feedback handle can well
assist astronauts to drive the mobile manned lunar rover,and effectively improve the driving efficiency and security
of the mobile manned lunar rover.

Key words force feedback ;handle ;manned lunar landing ; manned lunar rovers ; unity3D



