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Method for Millimeter Wave Radar Farm Obstacle Detection
Based on Invalid Target Filtering
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Abstract; Farmland obstacle detection is a prerequisite for automatic driving of farm machinery. For
farmland obstacle detection based on millimeter wave radar, an algorithm for invalid target filtering was
proposed. Firstly, the target information output from the millimeter wave radar was analyzed and the
farmland target obstacle information was extracted, and then the empty target, pseudo target and non-
threat data were filtered out by using the invalid target filtering algorithm. The empty targets with zero
target distance in the radar data were directly filtered out; the pseudo targets generated by the radar
working performance or unstable echo signal were filtered by the radar effective target life cycle method;
the non-threat targets exceeding the horizontal distance threshold and vertical distance threshold were
directly filtered out. The experimental results showed that the average filtering rate of the proposed
algorithm reached more than 85% in the static state. When the speed was 3 km/h, the average filtration
rate was 85.24% in the non-working state and 84.23% in rotary tillage. When the speed was 5 km/h,
84.22% were not operated and 84. 18% were rotary tillage. When the speed was 7 km/h, the non-
operation was 84.19% , and the rotary tillage was 84.16% . The experimental results showed that
although the filtering rate was decreased to a certain extent with the increase of speed or hanging rototiller
tool in the driving state, the filtering rate of the proposed algorithm could reach more than 84% either in
the stationary state or in the driving state. This method can be used to detect obstacles in farmland under
complex environment. Under driving conditions, the experimental results showed that the vibration of the
tractor had a large influence on the filtering effect. In order to reduce the impact of vibration, a device for
millimeter wave radar vibration damping was designed, through the experimental verification, it was
showed that the device vibration damping effect was obvious, the average filtering rate in the unoperated
state reached more than 84% , which can help to reduce the impact of tractor vibration.
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R H 1. 2022 -07 21 &R H . 2022 -11-11
ELWA : LHA BRI & 5B ARR )30 3 (NJ2021 —38) FIVL 54 BUAC A 7 ol 7 A {4 58 @ 1% % 351 (JATS[ 2021 ]483)
TEBB N B (1974—) 5 842 4, BN F AR Z 3045 £ R 5T, E-mail; xuejinlin@ njau. edu. cn



234 &l #Hl

L

2023 4

0 3]

A FH I 05 4 2 5% 06088 A 7 22 4 AT 0 B A
b i T PR 2 A A 0 G 0 DU 2 S 9 B iy
EES YA E N R YT odi R S e s ¥
SRR I AN AL SRS A I T L R
B R LA R B A 22 0K i 5 25 a0t 5 ok
F T FH B A B 4 R 5 3, T R G 3 19 3
FEA UL K IR AT

B R A W B R A B
TR TSI U A R A BRI R B R AR
BT, T A A A N, K T T % TR R A
07 i A T R0 L 22725 £ 4 P2 AL B, JEC ARG S
FERREARIE" " B A U0 R BB 08 4 S 4 T Hb
DU T 135 18, IR I A A1, A BL 35 i 43
SR T A S e 52 ) T R A 8
e R AR G W A RS 4 R O R i A
SRR IL . OB L R LTI E 3
25 B A5, PRI B B T 2 RS S T AR S LR
B, AFUR e F A R T 9 7 3 8, 4 4 1 R 7, ELR
e 5 b R A AR O T K R B RS 4 R RS
BT Mo T O T A S R I A A
15 5 = B0 TS 15 0 ST 0k 2 IR 15 B 74
b7 T 32 T AR A B g Y A M A B
BT HAE AR 1 Bh 7 I AT 1 107 P o 8K 5 A
8 R 11 e LT 7 I A0 B S (O AR AL
HE R A PR B 3 R4 WERE D, T A R R 2
E RN B 4 KA 4 K TAE AR I s 3k b
THOCTE S B L L RS R T H
WOCTHE RS R B L, AW HEMHEL" .
8 P 22 K D 7 K R 280 THAG VI £ T 5 L
0 T (EL 2 2 K i 5 3k 1 A DB B o e s
FbR O b B Ak B bR 25 R A T2 AR , 3 88
1 2 A sk A 0 0

o 2 oK B 3k B PP A A R R AR L b
(i 5 30, AR S — 5 T TE AR A U AR 1 2 K
T IR AR R R 0 o 30 ek o 222 0K B ik H b
3 BT P TC 2 R 0 9 A T S 2
FUbR O bR A a8 000 38 7 A6 040 0k I 0 e, 1A
8 125 B oK D 7 K X R A R U P
1 #R5Kn7AEE
1.1 BE4HREERE

AR5 R P [ K B 28 ) A2 72 19 77 GHz KB

ARS 408 —21XX 2K % 5 3%, FH B E A 17 He,
A0 2 S 3 PR e S 0 A A S B R R 5 e K

il

PRONBE 0 250 m (KA ) | iz 3h B AR Xon] 38
256 A~ HATEEME R RSE/IN f8 T AR AR AL L 2 3 5
FHo REKRPHBEEERESBEMNE 1 PR,
&1 ARS 408 -21XX BZRFEFIX GRS H
Tab.1 Parameters of ARS 408 —21XX millimeter
wave radar
KBz KBEEA RS MRS
# LA B A LA A

W

(£9°) (x4°) (+£60°) ( +40°)
PR HE %5/ m 0.2~150 0.2 ~250 0.2~20 0.2~70
IKF-F 3 BER S/ (°) 3.2 1.6 12.3 4.5
KR/ (°) 0.3 +0. 1 +5 +1
B A B PR /m 1.79 1.79 0.39 0.39
0 B K/ m +0.4 +0.4 0.1 0.1
WA/ (km-h ') 0.37 0.37 0.43 0.43
HJEREE/ (km-h ™) +0.1
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Fig. 1  Principle of millimeter wave radar ranging
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Fig.2  Format of CAN message and specific information
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X 65 B 6% 7F Object_1_General F1 Object_3 _
Extended 78 5 B A,
1.3.1 Object_1_General JH & Bt

Object _ 1 _ General £ & Object _ID, Object _
DistLong , Object _ DistLat , Object _ VrelLong . Object _
DynProp . Object_VrelLat,Object_RCS, i1 3& 2 i~ .

Hrf, Object_ID 34 8 & H b5 1D, — H HAr 6 &
MW, % H AR ID 8t — B R ¥ R 425 Object _
DistLong i 7 i J& 9\ [7] 5 25 ; Object_DistLat f#f i [
5 ] 1B B ; Object_VrelLong i i 1Y 2 2\ [m] AH X 3
Ji ; Object_VrelLat $i i ffY J2 £ ] #H %F 3 & ; Object_
DynProp $i i i /2 H #7 2h 2 & ¥, 1 an 3 A 2 # 1k
¥ & 32 3 19 ; Object _ RCS i iR 1 J& 5 i5 8 4t
o

#& 2 Object_1_General JHEEAR

Tab.2 Contents in Object_1_General message segment

(Gis IR A7 K R/ME e KA PR
Object_ID 0 8 0 255 1
Object_DistLong 19 13 -500 m 1138.2m 0.2 m
Object_DistLat 24 11 -204.6 m 204.8 m 0.2 m
Object_VrelLong 46 10 —128.00 m/s 127.75 m/s 0.25 m/s
Object_VrelLat 53 9 -64.00 m/s 63.75 m/s 0.25 m/s
Object_RCS 56 8 -64.0 dBm® 63.5 dBm? 0.5 dBm”
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1.3.2 Object_3_Extended 8§ B B

Object_3 _Extende £ & T Object_ID . Object _
ArelLong . Object _ Class, Object _ ArellLat, Object _
OrientationAngel , Object _ Length . Object _ Width, 0
% 3 iR Horfr, Object_ArelLong fiii if /Y /& H An 9 1]

AEOAS I B 5 Object_ArelLat $ifi i #4 J2& H A5 8 6] A1 %)
JI# BE 5 Object _Class $fi it /% 52 H A5 28 %l ; Object _
OrientationAngel i & B 2 H #8 J7 ©7 ffi; Object _
Length ##i& ) J& B #5 K £ ; Object_ Width iR i) 2
H AR 58 B

% 3 Object_3_Extended fJiE E N A
Tab.3 Message contents for Object_3_Extended

55 R GEDA KB e /ME i PN] o1 PR
Object_ID 0 8 0 255 1
Object_ArelLong 21 11 -10. 00 m/s” 10. 47 m/s’ 0.01 m/s*
Object_ArelLat 28 9 —-2.50 m/s? 2.61 m/s? 0.01 m/s?
Object_OrientationAngel 46 10 -180. 00° 180. 00° 0.4°
Object_Length 48 8 0m 51.0 m 0.2 m
Object_Width 56 8 Om 51.0m 0.2 m
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Fig.9 Results before and after processing in motion of rotary tillage operation
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