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Obstacle Avoidance Path Planning for Intelligent Forklift Truck
Based on Dynamic Identification Zone and B-spline Curve
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Abstract; In order to reduce the false alarm rate of autonomous obstacle avoidance for intelligent forklift
trucks in dried fruit warehouse and improve the utilization rate of warehouse space, combining with the
characteristics of the operating environment of forklift truck, and basing on the laser sensor SICK —
LMS111 and SICK — NAV350, a dynamic identification zone that the detection range was changed along
with the speed and equivalent steering angle was set up to effectively detect obstacles in the direction of
travel. Then, feature control point obtained by obstacles was taken as the segmentation point, and the
quartic five-order quasi-uniform B-spline curves were used to generate the obstacle avoidance path by
combining front and rear segments of curve, which met the multi-constraint conditions such as the
minimum turning radius, the continuous curvature and the maximum angular velocity of steering wheel.
By carrying out the obstacle avoidance path planning tests on the straight road section and the turning in
the warehouse, the results showed that the obstacle avoidance paths satisfied various constraints, the

curvature was not more than 1.06 x 10~} mm ™'

, equivalent steering angle was not more than 60°,
angular velocity of equivalent steering wheel was not greater than 1. 05 rad/s, which effectively verified
the feasibility of the algorithm. It can be used as a reference for obstacle avoidance technology of similar
large warehouse intelligent vehicles.

Key words: intelligent forklift truck; warehouse environment; obstacle avoidance path planning;

dynamic identification zone; quasi-uniform B-spline curve
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Fig.3 Intelligent forklift truck in dried fruit warehouse
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3x10'
2x10
Ix107

OF

=1=10-F

e iE th#E mm !

=2x10-

-3 ' . ' . L . . f . |
'xmﬁ(!ﬂ 300 400 500 600 700 800 900 1000 1100

Xfmm
(a)
047
03+
0.2f
[IN8s

0F
W -0.1F

£ 1] 50 f B (rad - 57

i
i

e
=03}
#r

"I_J 1 i 1 1 1 1 1 i
200 300 400 500 600 F00 800 900 1000 1100
Y/mm

(b}

B7  BEATESBHRILE R b
Fig.7 Analysis of planning result on straight road section

b AR MR Y IE AR AR B MY | A AL 1)
S A AR NG R A e )
3.2.2 A Bk R A R

AT B IS Bk B R 2 S B =
—4.58°, o V= — 479 mm/s, A IX 1 =
1896 mm,!l,,);; =3 529 mm, X, =21 378 mm, Y, =
7590 mm,l,, =21 174 mm, I, =19 435 mm, %
FERS B B AR AR (1 048 mm, 9 006 mm,
268.76°) , W IR BT 5 AFCEBEATA) , fioh A2 bk o ¢
FERRR 7= A B AR S LR 3 B AR R AR Ak
Kl 8a JIT /i, SCZE S5 23U% ) 56 ) 2 A8 Ak G 5] 8b T



5513

7 B LRI ZE RN 9 B
F3 BEEHR

Tab.3 Control vertices of path mm
A X Y
G, 1 006 8 031
G, 1025 8 931
[N 1 045 9 831
Gy 1517 11 686
Gs 2 042 13 316
G 2 888 14 210
Gy 3 788 14 880
Gy 4 568 14 880
Gy 5 348 14 880
610
= S%10
E 4x10 '!—
x‘ 3x10 '!—
“:E 2x10 '!—
= 1x10
1E]m 3000 3000 4000 5000 6000
Ximm
- (a)
€ 1000 2000 3000 4000 5000 6000
Ximm

(b)
B8 i i BRI 45 b
Fig.8 Analysis of planning result on turning road section

Fy Pl 9 W] DL, T A5 AR AR R 1k A SR A
8a A, MR/ IMEZI N 3.41 x10™° mm ™', fx K
fHZ R 5.55 x 107 mm ™", P98 & B /NG S 42 4
o RS A IR 8b R SR ) B
B/ MEZIN - 0. 27 rad/s, Fe KAEZIH 0. 39 rad/s, 3
TG JE i I 1) 0 R B 2 R v il R A IE R AN R
TN BRI T P | ARG ) A R E A RN A
fikgm

X ARSI AR R T 1 R, T A 2R A R
SUREAG I 2] 4 (A< 1 iy 1o, PR L 7 e — B 220 s — £

BRI 45, LT EhAS R XA B AREAS IR 2R A0 i S 7R b i A R R 365

3.0x10' d
2.5x10' -
9 1 ’

B 2.0x10 J

£ 1.5x10'}
1.0x10' ""'JJ
5.0x10°

=1.0x10* -5.0x10° () 50100 LOx10* 1.5x10¢  2.0x10°

Xlmm
(a) IFE
G, G G,
1.5%10' iy B -
4 L
B
LA 10 o /G,
1.3x10 /G,
H I
E 12x10°t 16,/
= Lixiotf |/
H
1.0x 10 - :,,-'{_-‘ L
9.0x10%+ :,r(_‘__
8.0x10r: J" L L — . -
20x10° 4.0x10° 6.0x10* B.0x10° LOx10" 1.2x10°

X/mm
(b) KPR

Ko Feas i B e ik
Fig.9 Path planning on turning road section

YT ARAT BT ) (1 B R B AR, s i A
Eapnrasul X EEY/) I NI JiLs id e S SN N
AT SR I AR P ] 1 0 80 o A2 23 IR
B, LARGBEOA 3, 5 BOA A £ ) i e g6 A28 10 R £ 552
AP, ZE 0 CRALI BT Ao A2 it 38 S g [ I, A 235
DX — I TERE R R AR

4 HRIE

2 T 3 R PR , DA AR 2R R A
T A b R DR AR IR R O s (E A O R 2
OL T IS I A SR A U B 05, O 2 T 3
AT DX AR A0 B e 9 15 G, DA HY 09 42 e
oy R TR LB 50 B RS 4L, 43 B
A B REAR TR, FEAKYE B REARINRME T, B S
I i HE BB SR B AR SRR DRAIERE S it &
EELEVE R [RIE4 25 T SR P ) i R RR T, ZRAT 1
RS R 2T /N R AR B i RS2
W IR 1) £ S B A 1 8 A PR 2R G 1 a7
LR T RO RE X G bRt e, EATHEBOE,
KB EGIIE TSk R AT,

2 % x #f

[1] GALLINA P, GASPARETTO A. A technique to analytically formulate and to solve the 2-dimensional constrained trajectory
planning problem for a mobile robot[ J]. Journal of Intelligent & Robotic Systems, 2000, 27(3) ; 237 -262.
[2] COSTANZI R, FANELLI F, MELI E, et al. Generic path planning algorithm for mobile robots based on Bézier curves[J].

IFAC-PapersOnLine, 2016, 49(15) . 145 - 150.

[3]  DHEE, TR, 46, 45 SETARSS MRS =B Bezier IHZZAPERTIARRIRI ], ASh LA, 2017, 43(5) : 710 - 724.
BU Xinping, SU Hu, ZOU Wei, et al. Smooth path planning based on non-uniformly modeling and cubic Bezier curves[ J].
Acta Automatica Sinica, 2017, 43(5) : 710 —724. (in Chinese)

(4] REFE, Hoi, PRUL, 4. —FEGER RRT BAMRIRL[T]. B4, 2010, 38(2A) : 225 -228.



366 YA A VIR G ¢ 20194
SONG Jinze, DAI Bin, SHAN Enzhong,et al. An improved RRT path planning algorithm[J]. Acta Electronica Sinica, 2010,
38(2A): 225 -228. (in Chinese)

[5] Z2iH. B ReEMis sl ks [ D). AT R RTALZS LR K2, 2013.

LI Aijuan. Research on motion trajectory planning method for intelligent vehicles [ D]. Nanjing: Nanjing University of
Aeronautics and Astronautics, 2013. (in Chinese)

(6] Z=ME, 27, sKER, 5. HRIUTLAHE AUV RISEAERRILT]. HLEA, 2015, 37(4) : 478 -485.

LI Ye, JIANG Yanqing, ZHANG Guocheng, et al. AUV recovery path planning method considering geometrical constraints| J].
Robot, 2015, 37(4) : 478 —485. (in Chinese)

(71 BRAR. 8 RE2E400 o) B ik o A LR St il is sh IR e [ D] Kb W 5%, 2016.

CHEN Dong. Research on the path planning for local obstacle avoidance and lateral motion control of intelligent vehicle[ D].
Changsha: Hunan University, 2016. (in Chinese)

[8] s5K3C, XBE, sk, 55, ETIE A" BkmRE LA NS Ae I [ J/0L]. AL HLR==4E, 2017, 48(7): 22 -
28. http: // www. j-csam. org/jesam/ ch/reader/view_abstract. aspx? flag = 1&file_no = 20170703 &journal _id = jesam. DOI.
10. 6041/j. issn. 1000-1298.2017. 07. 003.

ZHANG Wen, LIU Yong, ZHANG Chaofan, et al. Real-time path planning of greenhouse robot based on directional A"
algorithm[ J/OL7]. Transactions of the Chinese Society for Agricultural Machinery, 2017, 48(7) ; 22 —28. (in Chinese)

(9] B4, sK/NEE, SUF6, 45, JEHIHLA SRR S EARBLEMKI T [ 1/0L]. fVHLAA 4R, 2018, 49(4): 36 —44.
http;//www. j-csam. org/jcsam/ ch/reader/ view _abstract. aspx? flag = 1&file_no = 20180404 &journal _id = jesam. DOI: 10.
6041/j. issn. 1000-1298. 2018. 04. 004.

JTA Quan, ZHANG Xiaochao, YUAN Yanwei, et al. Guided trajectory planning method for tractor autopilot system[ J/OL].
Transactions of the Chinese Society for Agricultural Machinery, 2018, 49(4) : 36 —44. (in Chinese)
[10] Bk, MR, 2%, 5. T A° 5 BREATENRMIILE AR R[], RO EEM (AR ,
2018, 42(1) .45 -53.
MENG Zhuli, JTAO Jun, LI Zhengtao, et al. Agricultural robot path planning system based on A" and B-spline algorithm[ J].
Journal of Anhui University ( Natural Science Edition) , 2018, 42(1): 45 —=53. (in Chinese)
[11] 220, F3CF, 2wk, JET B A HFATIA G BRI [T ], EABKA4R, 2016, 29(9) : 143 - 151.
LI Hong, WANG Wenjun, LI Keqiang. Path planning for parallel parking based on B-spline theory[J]. China Journal of
Highway and Transport, 2016, 29(9) : 143 —151. (in Chinese)

[12] HENTSCHEL M, LECKING D, WAGNER B. Deterministic path planning and navigation for an autonomous fork lift truck
[J]. TFAC Proceedings Volumes, 2007,40(15) ;102 - 107.

[13] TAMBA T A, HONG B, HONG K. A path following control of an unmanned autonomous forklift[ J ]. International Journal of
Control, Automation and Systems, 2009,7(1) :113 —122.

[14] VIVALDINI K C T, GALDAMES J P M, BUENO T S, et al. Robotic forklifts for intelligent warehouses:; routing, path
planning, and auto-localization[ C] // International Conference on Industrial Technology, 2010 1463 — 1468.

[15] WIDYOTRIATMO A, HONG K. Navigation function-based control of multiple wheeled vehicles[ J]. TEEE Transactions on
Industrial Electronics, 2011,58(5) ;1896 — 1906.

[16] HERRERO D, VILLAGRA J, MARTINEZ H. Self-configuration of waypoints for docking maneuvers of flexible automated
guided vehicles[ J]. IEEE Transactions on Automation Science and Engineering, 2013,10(2) ;470 —475.

[17] MOHAMMADI A, MAREELS I, OETOMO D. Model predictive motion control of autonomous forklift vehicles with dynamics
balance constraint[ C] // 14th International Conference on Control, Automation, Robotics and Vision, IEEE, 2016:1 —6.
(18] ZE—Uk, KR, SN ARMASLR TR E LS )], THEALRE, 2012, 39(11A) ; 334 -338.
LI Yibo, ZHANG Qingtao. Review of coverage path planning arithmetic in unknown indoor environment [ J]. Computer
Science, 2012, 39(11A) : 334 —338. (in Chinese)

[19] PADEN B, CAP M , YONG S Z, et al. A survey ofmotion planning and control techniques for self-driving urban vehicles[ J].
IEEE Transactions on Intelligent Vehicles, 2016, 1(1) . 33 —55.

[20] MACTT, COPOT C, TRAN D T, et al. Heuristic approaches in robot path planning: a survey[ J]. Robotics and Autonomous
Systems, 2016, 86 13 —28.
[21] GB/T 6104—2005 Hlzh Tk 44K  ARiFE[S]. 2006.
[22] takh. SHENUEEB UM BT SRS B B FEAR (M. 2 B dbat. @530 ML, 2013.
(23] JUAGR, 8691, MR, 55 ETREELAUIN B HAMmEMSHIET]. HEHITE, 2015, 26(15) : 2016 -2021.
JIANG Benchi, HAN Jiang, TIAN Xiaoqing, et al. B-spline surface fitting algorithm based on contour’ s constraint points[ J].
China Mechanical Engineering, 2015, 26(15) ; 2016 —2021. (in Chinese)

[24] JUNG H G, CHO Y H, YOON P J, et al. Scanning laser radar-based target position designation for parking aid system[ ]J].
IEEE Transactions on Intelligent Transportation Systems, 2008, 9(3) : 406 —424.

[25] TAYLOR R M, PROBERT P J. Range finding and feature extraction by segmentation of images for mobile robot navigation[ C ]
//1EEE International Conference about Robotics and Automation, 1996. 95 —100.

[26] MARTINEZ-CANTIN R, CASTELLANOS J A, TARDOS J D, et al. Adaptive scale robust segmentation for 2D laser scanner

[C] //1EEE International Conference on Intelligent Robots and Systems, 2006 796 —801.



