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Development of Agricultural Implement Visual Navigation Terminal
Based on DSP and MCU
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(1. Key Laboratory for Modern Precision Agriculture System Integration Research, Ministry of Education ,
China Agricultural University, Betjing 100083, China
2. Key Laboratory of Agricultural Information Acquisition Technology, Ministry of Agriculture, Beijing 100083, China)

Abstract; Agricultural implement automatic navigation is a major trend of modern agriculture.
Agricultural implement navigation can avoid the errors during implement shaking in field and improve the
precision of navigation and flexibility of operation. At present, most of the navigation terminals were
developed based on the industrial computer which is expensive and difficult to be spread. In this paper,
an agricultural implement visual navigation terminal based on DSP and MCU for automatic weeding was
designed. As the core processor of the system, DSP was responsible for the image acquisition, crop rows
detection and offset calculation of navigation line. MCU is the main control unit of the system, so it was
used to manage the working process, receive, store and forward GNSS data, and also control the
implement. The corresponding protocol of serial communication, network communication and CAN bus
communication in the system was normalized to make sure the stability of the communication. In the

image processing, the OTSU method and the crop row detection algorithm based on boundary detection
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and scan-filter ( BDSF) were adopted, which could improve the accuracy and efficiency of navigation line

detection. In order to verify the validity and stability of the system, the algorithm adaptive test, offset

accuracy test and different system comparison tests were carried out. The experiment results showed that

the crop line detection algorithm could work adaptively in the weed and crop thinning conditions. The

average error of offset detection is 1.29 c¢m and the maximum error is 4. 1 em. The systems comparison

test verified the economic feasibility of the proposed system by compared with the PC and ARM, which

can satisfy the requirements of filed operation.

Key words: Agricultural implement Navigation

51

AN BB B 3l A R BE A2 BRI K JE 1Y
T2z — RALR A B 35 A= AL BE 1L Y
A HEERRE RS R BT R A ETZ
R

R TS IE R A 3 RHEAREA A 5 R
S G RS AURS JEE R B9 R A B B B R
WFFE ) — KA o 7 R A B 5 1T, [ A A1 35 2 F
T A R A T 5 A [R] A AR AL BT 3 ) TR gk
Fror 0, AR e i il e/ 35 B Hough A8 4 k17
(R TR R - N i A sl
Guerrero 2"V ) FPGA ( Field programmable gate
array) JF G 82 T — T ORI EGAE 6 A 3
Rl )& R 58, AR5 CCD AHPLIL AT Z 50 E A
Plas 56 B 07 B 15 20 AE P 47 09 KT 8 02 B 5K
HUPTLLARM OOF B R — A TR SR A R 1
WeRIHL AL B8 S T 18115 A 3R VS I 5 R S8, Meng
SRR T R T R U B AV AT AR S IR L
THEINFG it TRABRE A SRS @
TEOLT R 1l AR S P K, B T HLAs L oE 1Y
ST i Xt B SR ARy, A i i3 4 K 2 1 T x86
B LA B R T AR M
PAAE A 7 52 e PP A7 R UBEE )

BT UL B R, AR SCBHE T K — B Ak T DSP
( Digital signal processor) Fl MCU ( Microprogrammed
control unit) i) 4 FHL &% ¥ 58 T AT & S . % R GERE
K 52 2% (9 Ml 55 ) 73 8 AR Ak R 23 A AL A 4 i
3 T g IR B8 b 4 # UM 3 g A 4 AT, B AR AIE 3R
eI e PERE MR D #E , R REAEAR R AR JEE b R AR AR

1 REgigit

1.1 2kigit

T AL AS DL E 1Y A BB 5 0 2R G0 B IR A5 A
KL P, ERA & M 4% 2 Pl = M 2 3 38
O3 Horb, B2 v B 5 0 28 O AR AR G I A 0
4, 7135 R B W48 {5 B A1 GNSS ( Global navigation

I

Machine vision

Crop row detection DSP

satellite system ) v/ B {5 B, , X H ok 47 40 38, I8 4k 3
J& BB 53 0l A 3k B 2% SR AT Z . GNSS JE fif
Bds DL I 2 A% iy X Ak B 2% 2, IR 55 i e i 3
B E KRS B, R n] D g R ) 7 ) i 5%
P I AR AL A SR BT . BUAT )2 9 PLC
( Programmable logic controller) $22 U5 3| i) {5 &, J& i 1f
LA Aub B3R B0 AR L EL AR G TR 04T 16 5 1 i 25 %
P, S AR ST LA g MK R i ) A L EL 1 RR Bl
PLC 5 i & i 2 ()@ i CAN S E#E .
MR [ R e ﬁ&%z& N I
8 |

2 ST DTU
GNSS
I

PLC

warE [ AR e mERY |

1SRG RS 1A

Fig. 1  General structure of navigation system
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Fig.5 Schematic diagram of navigation line extraction
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(a) SRFWORIGE (b)) GTREMIUEMITRME (o) &AWL R
(d) BRBRNFOLRIGIE (o) BRARNEOLIEMATRRINIE () Bk oL S 0Lk 42 HUA

2 B THIRORTJEE , EAT T S AR D B8 I 3
%o IR AE B B SR R LSS PR ARl R R AR
Sk PR B A5 S CE T K P HE R 60 em R
o 30° B 6 b FEREECSK BT i

ff b — B 05 R B [ E SRSk A B, BB &
oK P B I A S PR R e i RS 3 3k S R AN
ARG e, R T8 S BEAT XS A BT, i
BWAFTRMNE 2 PR

x2 EBEURKER

Tab.2 Results of lateral deviation cm
# 75
%
e 1 2 3 4 5 6 7 8
SE IR R A% A 1.2 1.8 4.0 1.4 -3.0 -4.2 -11.80 -14.1
BRI RS A A 1 2 3 0 -2 -4 -9 ~10
i 22 AA 0.2 -0.2 1.0 1.4 -1.0 -0.2 -2.8 -4.1

Hy B R T A BRSO 2 R 25
1.29 em bR #fEZE N 1. 79 em , Fx KA ZE N 4. 1 em, 7]
PLIE B A5 3K b 2 S B0ORM i B it o1 S8 78 1 1 1
ARG T AL B 3l RS i R E 1k
2.3 AgMREXLIRE

N TSRV I K AT i 2 i AT 1R RE 0 AL 1
T RGEMEREX ISR . 4354 BDSF 575 7% 4 3
A B & |, 4% PC o (PC 3w AU L4241 ) (DSP
Ui Al ARM i, HEAT R GEAEREXT Lo H§ PC 3 DSP
Ui A ARM i 4 e & DA R S RE I AT X bE, fn sk 3
fli7n o PC ¥ 4 ¥ BDSF & 55 g #E 1y 10 ms, DSP
AARM 35 2 09 30 ms 5 £ — Wt B 5 1) 5¢ 8 4b B T
(BLHE B CR 5  PAL 3 A 42 S ), PC i i
T DSP ¥, DSP 3w {7 ARM S PC 3 () AL B 1]
/NT DSP i ) —2 T i T DSP 2 & 1T 3E ] T

5 A PR — AL B A, R TIC EE (IR T ARM i 7E
SRk AL P AR A LS
#3 HTARGXL

Tab.3 Comparison of different systems

EY PC 3 DSP ¥ ARM 3
B Ja R M7150  STM320DM6437 iTOP4412
NG| S RS =2
A Windows XP DSP/BIOS Linux + QT
. 3.2 GHz 600 MHz 1.6 GHz
i . )

(FFHE R ) (C64 +) (Cortex + A9)

W17 3GB 128 MB(DDR2) 2 GB(DDR2)
BDSF 530/ ms 10 30 30
— i ERFERT/ ms 22 60 78

TEAS b, FIABCE ) DSP Al ARM H A 2904 T
BEHLHY 1750 PRI, AN FETT i 28 3, LA — E Y A
AH o 3 FF- 5 LB AL ISR A 7 s,

Bl7 SRR X
Fig.7 Interface comparison of different systems

(a) PC%i (b) DSP%i (c) ARM 3



26

& ol Bl

i 20154

1T PC 5l ARM Sy 047 AN A9 B2 AF R 48, 8 T &
PSR BRI SE B, 10 A% R 2/ DSP SR L OSD &
TS LRE , BEAT AL Y AR AL 5 TR S8, 5
i 5, THREH D .

IRf AT UK VRl ik 2 IR 55 A, S BLAR A
e B S

SR P26 T 200 G5 ARG DM R 31 i 8 90 4 A A A A 0
i b PR — W AR B I E] 2 2 65 ms, A £k 4 HUAY

3

FMUL I o 2k MCU BEAT & 48 0 F 7 il
I3 {5 4 B, R A DSP A7 (&1 15 % 4R AR 9 17 K
I, Ay LS BLAR AR v B R B 8 S AL TR

10

11

12

13

14

15

17

PR ERIE D 1,29 em, Bkl N AR IR AT
2 Qi 7 B D KR DL S 27 5 RGN L, B iE
T R GEHYRG L FER S5 3 B 5 [R) I % 2 i RE A8 AT 4K
WA AR L S A0 10 B 4 AR, AR TR HLA A 3 &
FL B B R BB, D ik — 2 S Al F Bk 3
JEACI B R BRI L5

ZEWRIE

Bt T —Fh 3L F DSP #l MCU 1 4 #L B 41 3¢

& % x Wt
BRR, ZRA, WAL RV S SATIF R [T ]. Rk L2244 ,2004,20(1) : 160 - 165.

Yang Weimin, Li Tianshi, Jia Hongshe. Simulation and experiment of machine vision guidance of agriculture vehicles [ J].
Transactions of the CSAE,2004,20(1) :160 - 165. (in Chinese)
AT, J R AR MU T AT ECAR R 3 [T ] AR ML= 4 ,2014,45(9) 244 - 54.
Ji Changying, Zhou Jun. Current situation of navigation technologies for agricultural machinery[ J]. Transactions of the Chinese
Society for Agricultural Machinery,2014,45(9) :44 —-54. (in Chinese)
kAW, P EIC, YL, BT B RHE M s AR EG  BIFE LT] . R DA%k, 2011,27(7) + 183 - 189.
Zhang Zhibin, Luo Xiwen, Zang Ying, et al. Segmentation algorithm based on color feature for green crop plants[ J]. Transactions
of the CSAE, 2011, 27(7) : 183 —189. (in Chinese)
M, PRI, XUPH, &5 RAHLILSE S AU L G I 7 ik (0], Aol TAR 244, 2013,29(11) ;11 - 19.
Li Jingbin, Chen Bingqi, Liu Yang, et al. Detection for navigation route for cotton harvester based on machine vision[J].
Transactions of the CSAE, 2013, 29(11): 11 = 19. (iin Chinese)
Burgos-Artizzu X P, Ribeiro A, Guijarro M, et al. Real-time image processing for crop/weed discrimination in maize fields[ J].
Computers and Electronics in Agriculture, 2011,75(2) :337 - 346.
Montalvo M, Pajares G, Guerrero J M, et al. Automatic detection of crop rows in maize fields with high weeds pressure[ J].
Systems with Applications, 2012,39(15) :11889 - 11897.
FEHE, w0, BFVY, ST iR IR T R AR [T ] AU, 2012,43(6) 1161 - 166.
Wang Xinzhong, Han Xu, Mao Hanping, et al. Navigation line detection of tomato ridges in greenhouse based on least square
method[ J]. Transactions of the Chinese Society for Agricultural Machinery, 2012, 43(6): 161 - 166. (in Chinese)
KWy, BNAL, M. TR AT 481 R 2R K B A1 O AR vk [T ] Aolk TR AR, 2012,28(17) 1163 - 171.
Zhang Qin, Huang Xiaogang, Li Bin. Detection of rice seedlings rows’ centerlines based on color model and nearest neighbor
clustering algorithm[ J]. Transactions of the CSAE, 2012, 28(17): 163 —=171. (in Chinese)
R EEE, L BT K-means Bk iR E R PG AN SR RSIT]. Kol TR, 2014,30(7) 125 - 33.
Gao Guoqin, Li Ming. Navigating path recognition for greenhouse mobile robot based on K-means algorithm[ J].
the CSAE, 2014, 30(7) : 25 -33. (in Chinese)
MR, ARMAS, P REEE, . IR RENUAE A — O RR 0 il R b T A [T ] ARk A4 ,2015,31(4) - 168 ~174.
Lin Guichao, Zou Xiangjun, Luo Lufeng, et al. Detection of winding orchard path through improving random sample consensus
algorithm[ J]. Transactions of the CSAE, 2015, 31(4): 168 —174. (in Chinese)
Guerrero J] M, Guijarro M, Montalvo M, et al. Automatic expert system based on images for accuracy crop row detection in maize
fields[ J]. Expert Systems with Applications, 2013 ,40(2) :656 — 664.
KIS, Wk, RREN, TR A R R EI LA A BRI R LT ] Rl TR E R, 2012,
28(22).166 - 173.
Zhang Chengtao, Tan Yu, Wu Gang, et al. Testing system of image processing algorithm of visual navigation system for harvester
Transactions of the CSAE, 2012, 28(22) : 166 —173. (in Chinese)
Meng Q, Qiu R, He J, et al. Development of agricultural implement system based on machine vision and fuzzy control[J].
Computers and Electronics in Agriculture, 2015, 112, 128 - 138.
o TG A DUER R AF L SR T AL LGS 1Y B AR IR T AR AT IR 5 S AT R IR [ T]. o624 ,2014,34(7) 172 - 178.
Meng Qingkuan, He Jie, Qiu Ruicheng, et al. Crop recognition and navigation line detection in natural environment based on
machine vision[ J]. Acta Optica Sinica, 2014,34(7) : 172 - 178. (in Chinese)
Leemans V, Destain M F. A computer-vision based precision seed drill guidance assistance[ J]. Computers and Electronics in
Agriculture, 2007,59(1 -2) .1 - 12.
Asif M, Amir S, Israr A, et al. A vision system for autonomous weed detection robot[ J].
Electrical Engineering, 2010,2(3) :486 —491.
faf o3, SeMSAE, XK. R SR TR R IR (] ROV ALM -4, 2013, 44(10) :216 -226.
He Yong, Nie Pengcheng, Liu Fei. Advancement and trend of internet of things in agriculture and sensing instrument[ ] ].

Transactions of the Chinese Society for Agricultural Machinery, 2013, 44(10) : 216 —226. (in Chinese)

Expert

Transactions of

based on DaVinci technology[ J].

International Journal of Computer and



