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Abstract

To avoid crashing into people going through the rail or other obstacles and improving the system’ s
safety and stability, an obstacle avoiding system of mountain orchard steel wire rope traction cargo vehicle
was designed. The system was composed of STC single-chip micro-controller, ultra-sonic range
measurement modules, infrared detection unit, wireless communication module, voice alarm and manual
control module. The system was designed to achieve an obstacle detection distance of no less than 150 cm
and a 100% successful braking rate. System verification test results indicated that: when using static
obstacle, the minimum vehicle-to-obstacle distance was 100 c¢m after uphill brake and the minimum
vehicle-to-obstacle distance was 90 cm after downhill brake. When using motion obstacle, the minimum
vehicle-to-obstacle distance and time delay were 98 ¢cm and 0. 64 s, respectively after uphill brake. The
minimum vehicle-to-obstacle distance and time delay were 66 cm and 1.30 s after downhill brake.
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Fig. 1 Principle structure diagram of cargo vehicle
obstacle avoiding system
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Fig.2 Sensor installation schematic of vehicle
motion detection unit
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Fig.3 On-vehicle installation schematic of

obstacle avoiding system
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Fig.4 Flow chart of main program

3 RENMARE

FKE R RGBT R WL SR R R R R iE
MLBEAT T S M, 78 5% 38 AL 1 3 R0 R 3% 47 3 s 43
S EAT S RN B 2 B A 4kt B G, RS A R TR
iz ML T AE A o] R I8 31 9 45 A R 1 IR 3 I AL
J& Giz Mlis 17 i v 2 BE A% ) () i R 25 O 1108 R Atk
W AL ) o (R 8 3 B R VLV 4R 2 G B A Sk 1 A [
Wy s Pl . LSRR VHLE KR aE Lk
TSk F R 13° ~40°  FUE K EE 93 m
F&FE 60 cm | B4 = B 20 ~ 30 em, BRIEHLEE M Jis
TTSER K 197 em (58 87 em V-3 i5 17 ¥
0.33 m/s, 7 WAL IR AR B &5 07 00 - N3y,
AP I R 2R S R R B T A 24, 40 s
J7 1], R U R 2k SR AR BT T 2 24 40 .

b I e e 3 R BT A 1L b g R AT B AR
12 ML 2 DA S B B i T 3 AT O R TS 8 bk e K
5 3 ORI 7E 111 Hb 7 35 o 3% BE, 6T 2 ML AR 4T R T
#H U R GBI A T st g ol . 15
ZHNFR 1 iR,

50 3k B ZE 1) ) 1 Uk

150 - L
" 0w
R G AL s

(6)
X o,

cm

BRI PLIB AT, m/s
*1 BEEBRESH

Tab.1 Parameters of braking distance test

v

L7 RiER 3 WRiB PR E BT R
B4 o = ’
/(%) /kg MR /mes ™!
I ke B 10 0 0.28
T 3k e R Y 30 200 0.39

3.1 FHEEBYEERR

g 2 U IE b — ] A 2 A TE PR
Z B ST iE HLIE AT 5 m BE A 4 i 8 B4 PR 5150 em
A2 il e TR E R 0. 5m,mfhj\71 0 m )i B
54, STis Lk B R i ) JF 45 1k ia 17 e, i s
A7 I o ) B A ) 2 D A B . Tiﬁﬁlﬁiﬁﬁﬁ%ﬁt
B & HEAT 100 3k, 45 R sk 2 s,

K2 HEOBEBYEEEELXRER

Tab.2 Braking distance tests with static obstacles

142 HL G S5 B 4 A 5 IX 1 8
B3 X ]/ em - g e i e

140 ~ 149 5 2

130 ~139 24 6

120 ~ 129 41 18

110 ~119 23 32

100 ~ 109 7 30

90 ~99 0 12

B35 2 Al 45,100 K 1 T 3 2 e A 4 sk 3
55 B2 i ML 42 22 34 3K 3] 100% 5 | 3% 30 B B, 100 ¥k
15 22 58 B 5% iz PILTT v 21 BE A ) (6] BE R YN N T
100 cm ; ' 3 gk [ I, 88 YK 45 4 58 )i 5 5% iz AL AT o
FI R A% 40 (] B 25 A /N F 100 em 452 2 )5 5% 32 ML AT Ui
L5 [ 15 ) (6] Je /NBE B S /N TF 90 em, 3G R R B2
BUIE 5 AR R S, R IE L R AR, E
116 BY HUIE P 55 SR AR R T BR TR .

3.2 HEEBSYERERE

IS ok BOH R B ) B TR &%, M ftis
MR HIE 2 2 HFE 59 150 em B, 2L 0.5 m/s /Y
0 s 4 1) 0L 3 v S RS Bl I AR B LS LS
BT I i 5 B A A BEOES . b T IRk R IR i
H B T 10 R, IR ZE RN 3 iR,

MR 3 Al bR 3A 10 RO 5 5% s HL AT 4
IR 100% o b3k I, 5258 ML 4 S s AT T
vty 55 P A5 4 B R IEV R 132 em, S/ [E] HE 98 em, -
EIBE 111 em; s KRAERS 1. 78 s, 52 /NSERT 0. 64 s,
BIER; 1.37 s, T 3R B A, 528 L4 2 )5 is 17 i



120

g Ak MO ¥ R 2011 4

i 5 P A5 400 e K E] B 99 em, e /N AT BE 66 em, SF- 2

(8] 7 80 cm; fx KIERT 2. 15 s, fr /NIERT 1. 30 s, 14 ik
SERS 1.78 5. (1) % 595 5% FH 6 T 90 8 6 35 0 0 75 3 0 B
£3 PEEBYBEEERARLER He s AT s AL A7 o B s S sk A D B B AN
Tab.3 Braking distance tests with moving obstacles INTF 150 em, RALLBEH TG EERER,
‘ - e i o e i B R e T e I A 2Ry A s s R E A
l;*i SR REGEE S AR T A3 | o S4B VRN T 2R 4G, SE L
BB /em /s BB/ em /s EEAGB A PIRAS B AR B TC I 0 1 R E A 46 52 1
! 109 1. 46 82 1.74 (2) 25 I 15 7 3k o X 06 45 R R B, % 58 ML
2 1o 142 7 .82 ZERRIKF] 100% , 135k B 58 B 5% 32 ML AT G 5 R
’ 14 ot 5 o0 T4 16 5t /INBE 185 100 e, T 4 8 e 52 10 938 4L
LR VA 90 o,
6 - 0 64 9 30 (3) Bh 5 e 1 4 3k sk 56 45 SR R B, 0% 38 M4
7 o8 1. 85 78 1 84 TR F) 100% , b3 5k B 58 WG 5% 32 AL AT 4 5 B
8 113 1.32 82 1.74 ity a] fe /BB N 98 em, B /NIERT S 0. 64 55 T 3
9 110 1.42 66 2.15 kB 52 N5 52 02 MLHT I 5 R 6 ) 8] A /D BE R
10 117 1.17 73 1.97 66 Cm,%/ﬁﬂlﬂ‘yﬂ 1.30 So
& % X

10

11

12

XL, ESLEF. PRERNEREEEREML PRI AL, 2008, 24(1): 25 ~27.
Liu B F, Wang L. H. Development of monorail and its application in forestry in China[ J]. Forest Engineering, 2008, 24 (1) :
25 ~27. (in Chinese)
R AR. o B DR oE MR bel @ BEEEAR B [J ] AR AE B, 2010, 27(5) : 22 ~23.
TEAS M, J0l  RARTE ,SF . Lt P B U PR SR RIE BT ], Al WL 41 ,2011,42(6) : 108 ~111.
Hong Tiansheng, Su Jian, Zhu Yuqing, et al. Circular chain ropeway for cargo transportation in mountain citrus orchard[ J].
Transactions of the Chinese Society for Agricultural Machinery, 2011,42(6) :108 ~111. (in Chinese)
Kise M, Zhang Q, Noguchi N. An obstacle identification algorithm for a laser range finder-based obstacle detector [ J].
Transactions of the ASABE, 2005, 48(3): 1269 ~1 278.
Guo L, Zhang Q, Han S. Agricultural machinery safety alert system using ultrasonic sensors [ J]. Journal of Agricultural
Safety and Health, 2002, 8(4) . 385 ~396.
WA, B4R, BRI, . JETRCH BLGE B I BRI [ 1] h AR K2R R, 2007, 12(4) ¢ 70 ~74.
Zhang Lei, Wang Shumao, Chen Bingqi, et al. Detection of obstacles in farmland based on binocular vision[ J]. Journal of
China Agricultural University, 2007, 12(4) : 70 ~74. (in Chinese)
B, EORA, B, 5. BT 2B EEGE BRI ]. THEPLCR SR, 2007, 43(26) : 174 ~177.
Zhao Yibing, Wang Rongben, Li Linhui, et al. Approach of obstacle detection based on laser sensor and single cameral J].
Computer Engineering and Applications, 2007, 43(26) : 174 ~177. (in Chinese)
AR, /N, E 8. MG R HL A ARSI E AR [T]. AROL AL 4, 2009, 40(11) : 171 ~175.
Cai Jianrong, Zhou Xiaojun, Wang Feng, et al. Obstacle identification of citrus harvesting robot [ J]. Transactions of the
Chinese Society for Agricultural Machinery, 2009, 40(11): 171 ~175. (in Chinese)
AR, RLULEE, ARXSAL. B TR BE RO R AR R AR [T ] U EUE SR R B, 2009, 24(4) 16 ~20.
Gao Jingmin, Du Hongchao, Li Denghua. Obstacle’s shape recognition based on ultrasonic ranging [ J]. Journal of Beijing
Information Science and Technology University, 2009, 24(4): 16 ~20. (in Chinese)
e, MRS B 4 SRR TR A A A TR = 4R A S AR [T]. ARl TR, 2010, 26(11) : 204 ~208.
Yu Long, Hong Tiansheng, Zhao Zuoxi, et al. 3D-reconstruction and volume measurement of fruit tree canopy based on
ultrasonic sensors [ J]. Transactions of the CSAE, 2010, 26(11) : 204 ~208. (in Chinese)
HRRA. i A Linux T8 S BB Rt LT]. HHREPLEOR 5% &, 2009, 19(6) : 29 ~32.
Shan Chenggang. Design of ultrasonic obstacle avoidance system in embedded Linux system[ J]. Computer Technology and
Development, 2009, 19(6): 29 ~32. (in Chinese)
KREHRE, RO, KD R RREE AT T]. Bk, 2008(7) :1 ~3.
Zhu Aihua, Zhu Chengjiu, Zhang Weihua. Analysis on calculation of friction torque of rolling bearing[ J]. Bearing,
2008 (7) :1 ~3. (in Chinese)



