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Design and Experiment of Wheel-crawler Switching Chassis
for Crop Phenotyping Information Perception Robot

SU Miao YUN Yaze YAO Xia ZHU Yan CAO Weixing ZHOU Dong
( National Engineering and Technology Center for Information Agriculture, Nanjing Agricultural University, Nanjing 210095, China)

Abstract: Aiming to address the issues of crop damage, insufficient flexibility, and poor passability
associated with chassis systems in field crop phenotyping information perception robots, a chassis was
designed that integrated wheel-crawler switching and stepless wheelbase adjustment functionalities, taking
into account the agronomic practices and growth characteristics of rice and wheat cultivation in China.
The overall structure and operational principles of the chassis were elaborated, and three types of easily
switchable locomotion devices, i. e., a rigid impeller, inflatable rubber wheels, and triangular tracks
were developed. Additionally, components for independent four-wheel drive and four-wheel steering,
along with a device for precise stepless adjustment of wheelbase, were designed. The steering
performance, stability, and passability of the robot chassis were theoretically analyzed, with results
confirming that the performance met the design requirements. Finite element analysis was conducted on
the chassis frame, demonstrating that both the strength and stiffness met the design specifications and that
resonance induced by terrain excitation can be effectively mitigated. Field tests conducted on the
prototype indicated that the robot chassis exhibited excellent driving performance, with maximum linear
travel speeds of 1. 02 m/s, 0.98 m/s, and 0. 73 m/s across the three configurations, while accelerations
were recorded at 0. 3 m/s’, 0.33 m/s’, and 0. 18 m/s’, respectively. The average deviation rates during
travel were 2.35% , 1. 18% , and 1. 89% , respectively. The minimum turning radii for the wheeled and
triangular tracked configurations were 2 306 mm and 1 432 mm, respectively. The rigid impeller
configuration achieved a longitudinal climbing angle of 30° and a lateral climbing angle of 28°. The robot

successfully traversed vertical obstacles up to 350 mm in height and negotiated field ridges of 308 mm,
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thereby meeting the operational requirements for phenotyping information perception in large field

scenarios.

Key words: phenotyping robot; wheeled chassis; triangular track; adjustable wheelbase; independent

drive and steering
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Tab.1 Basic parameters of common field crop

cultivation mm
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Fig. 1 Chassis structure diagram of crop phenotype
information sensing robot for field crops
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Fig.2  Phenotypic information sensing robot front view

of working across rows
PLas NS B PR D) e 3 A AT EHLR, T 52
PRAE K AT A T A5 OR RS vp TARAT A . Hob, Bl
i NS B 22 5 W - 8 m] 52 B A K T BR8P AT

BRI AT 3 KRB B, 2% =M@
M7 T B K R 5 i A RURE U 37 5 T R P AT
BLES ARG 8 1 9K 8 Fp WL 4 2 48 F T 3R sh AT E ML
{18 ] JIR s AL R 2, % 1) Pl L2 2 R i S I 1)
(1% ) R Fl LRI 2 o ML A8 AR 28 L AR AR T
L% I 432 B s il 4 | R MLOIR B 2 el A A LA
SHUR £ [ ik mEEIR ALy . IR EEH A S
Bk 2 s,
2 NBAEEIERASH

Tab.2 Main technical parameters of robot chassis
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Fig.4 Diagram of wheel base adjustment device
Lo fEAT 2. FEFFALE 3. AR 4 IGA AR 5. TR S e
FH
HILAR N JFE 2576 58 R 8 19 2o 7 v 2 7 A R i
Te ¥ 20 B 45 0 DR i AR T B T S EE 4 O A e X
SRR, DR AR 8 5 A A2 T 25 1) e L1 3 B EE AR
Xof H B HERT HEA T e B, W] R AT T b 0] ) ¥ S B Sy
F. =mg\ (5)
X F—sIH
A—W B Ty R, B0, 7
b3 G S I O+ a Z W 1 [ g SR WA IS
3087 N, 45 H [B] 45 k. T 00 255K 5B 30% 1 4R &,
PRk B2 A 2 000 N AE 7 19 WL SHERT , Hlais A £k
Fic 4 P93 21 Pl Sh 4 A, RIS B A8 1) 8 B R T T g

3 MESWMEESHT

3.1 HmEfEge

BLas N 3 58 3047 IR A I, R P i 4€ i 5%
B 5 & e 1hg 2o i R R P P Sa TR Y
B B 2 1) B JER 5% 5 5 20 09 P 5 B 1 ) e E AL g



%3 1

Wty Bl AR 8 O B B 1 T 2 ) R B 1) ] IR H
BLOREE [ o B 60 75 22 58 5 42 B A7, RN A7 E fA)
e e AL THE DC I A o, DT S BT 288 PR T 17

(b) 2 71 S
KIS PRl 1o A B

Fig.5 Diagram of two steering modes
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Fig.6 Analysis of longitudinal limit overturning force
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Fig. 10  Finite element analysis results of frame
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Tab.3 Modal analysis results of the first six P = 20 X v (16)

orders of frame

g3 I#1 45 41 R/ H KA /m
1 74.563 0.192
2 139. 760 0. 126
3 181. 800 0.357
4 202. 400 0.204
5 278.410 0.173
6 298.570 0.248
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Fig. 12 Schematic of straight-line driving test
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Tab.4 Chassis straight-line driving test data

J— R/ T Ko g/ $i’ﬂmz
(m-s™") (m-s7?) /%
NI -4 1.02 0.30 2.35
AR 0.98 0.33 1.18
=g 0.73 0.18 1.89
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Fig. 13 Robot chassis climb test
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Fig. 14  Robot chassis pass test
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