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Speed command

[RPA} RPM to CMD P
L PID Mator
Cantroller Dirivar
Speed Feedback !
(RPM) Wheel
Encoder
J8 148 £ Mo ¢12ld 748 E
- X2 5 Mol 45 53
- GNSS A|AEIS 0|2310] M= 229 &2 =H
X2 ST Mol Ms2 MEx 2Ro WA T £ Fo gz o Al
ShZke S stel
|VGNSS_ CMD|
dd e = % 100(%)
Veun
(Vayss: GNSS &9 S5, Ve 78 B8 £5)

Oj2] 29s =8 3=

——
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a8 150 At £E Mo Ms &3 Zai= (2kph)

- XY &SE Mol M5 5H 23
) = Y& £ 2kph _ £ o
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=R = oaf 35F B oat & gt
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Case

[e-CAMI131_CUNX]

I. _d-- L
b

USB c-type . Controller

DC barrel jack - -
(5.5mm x 2.5mm )

Control to
Motor/MCU

HDMI €=

e AT AN AL

CAAZE B g FA =R A|ARIS] T A2 AHICIE HAFES A da 50| Jts
9| Jetson board (Nano, NVIDIA, USA)E AlE35I9S.
- FRAI2k2 128 F0{o| GPU, 4GB M 22|22 FAE 0 oo, Z2 2 Ho|AZE M| st
BE XAl Z7]= 69 mm x 45 mmgl.

H 16. Jetson Nano % QA}oF

[tems Specification

GPU 128-core Maxwell

CPU Quad-core ARM A57 @ 1.43 GHz

Memory 4 GB 64-bit LPDDR4 25.6 GB/s

Storage microSD (not included)

Video Encode 4K@30]4x1080p@30|9x 720p@30 (H.264/H.265)

Video Decode 4K@60|2x4K@30|8x1080p@30]|18x720p@30 (H.264/H.265)
Mechanical 69 mm x 45 mm, 260-pin edge connector

» H|™o| At2E= ZHH 2He-CAM131_CUNX, e—con Systems, USA)= 13 Pel z|Cj
HAMTE JHX O, SAEo w2l 20~120 fpse| =2 FA $=Zl0| 7F%% ii ot 2}
AL == GPU boardet =2 $3M S X|uof o3 2lolE2{2|7t M 5.
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H® 17. e-CAM131_CUNX FQAIY

[tems Specification
Sensor AR1335 from ON Semiconductor
Pixel size 1.1lym x 1.1pm pixel with BSI technology

Sensor active area

Focus type

Resolution and optical format
Sensor type

Image signal processor

Output format

4208(H) x 3120(V)

Fixed focus

13MP CMOS Image Sensor. 1/3.2" Optical format
13MP CMOS Electronic Rolling Shutter Sensor
On-board high performance ISP

Uncompressed UYVY format

=
Ja
HH

- X-”—;EE% jcc:!-i!-% ‘?‘l oo = = —

CHZREO BR JHSSHES Pat AlAES RS 2 Ao|AS MX|GIoN, MEE Y
Mol m2|7}t BOISIES o MITWHZ MAZF 5 HSES 1S

1A AIZEES ol O el IEI Zon, XEel 23 52 1asto] HolAs Het
sigon 1 ADE off ISl 22F 253} TS
ME 2% 2Hl HiEf2] MYUS DC HHEHE Si MeUS XMooz BZs%ion, o
A FE YU MY YYS ATEQ0] E2|HE 0| SHIYT Mel EAIS 98 B2 LEDI}

=<
AR = RS

Camera

Case 1

g‘— Reset button

23 175, HE Holy F42 {Igh M AlA" 1xHF) R 2RHS-, B=8) AIA
O F2 =4 « =5Hole 75

- dlolgl st&5S flet StEAO X AZES o &E 75

cHole 24 A Held &S flol LAY GPU StSMHE TFESIFUSH, ALEE FR
M2 3-way Titan RTX (GPU), i9-9900X (CPU), DDR4 128G (RAM) S¢!.

CHlolH M2l 24 & LnEF LS et Held ged 742 fIsl Ubuntu OS 7|
B2 FQ ATEQOSS MAsIRen, Z2aY A2 python, Hald =3
22 MM oz &M 3 C|e{do] 0|8t pytorch & torchvisionES 0| 35I¥ S.
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Sr—F

GPU Z|gte| Jetson board (NX Xavier, NVIDIA,
| AFEE AHCIE &2 Al Z 2lAl J=2o| A

2

H 18. Jetson NX Xavier FQA}SF

[tems Specification

GPU 384 NVIDIA CUDA® cores and 48 Tensor cores

CPU 6-core NVIDIA Carmel ARM®v8.2 64-bit CPU 6 MB L2 + 4 MB L3
Memory 8 GB 128-bit LPDDR4x @ 51.2GB/s

Storage microSD (not included)

DL Accelerator 2x NVDLA Engines

VISION Accelerator 7-Way VLIW Vision Processor

Mechanical 103 mm x 90.5 mm x 34.66 mm

AHCIE Zx|lo] AZEQof FAMES fal NVIDIAMA H335k= SDK (software
development kit)2l JetPackZ} SDK managergs 0|23t% 20, Hejd st& 7|8t d4t
olAl 7|l MAE Il VGG, RESNET & M s0| A3 Ciefst 2d s M

oo

Hello AT World (jetson-inference)

Model Downloader
Keys:
T4 Navigate Menu
Space to Select Models
Enter to Contlnue

[ 1§:Jltrage Recognitton - all models (2.2 GB'
2 > AlexNet (244 MB)
3 > GoogleNet (54 MB)
a > GoogleNet-12 (42 mB)
5 > ResNet-18 (47 MB)
(] > ResNet-50 (102 MB)
T > ResNet-101 (179 mB)
a > Reshet-152 (242 ma)
9 > VOG-16 (554 MB)
10 > VGG-19 (575 MB)

1
o
1
a
1
1
1
1
1

< Quit >

Hiolef AAIZE =& 2 &5 DB 7
. StEOolE = Mets T AAAl ¢ 3 |

mf MM AAEIE 3 M 22 AZHEO| EBAfsh Mefel (2021 10~118 &H).
DGk AR FHH 2le] FOV (field of view) ¥ =7ZF ZO|E 11245t MEZ=2Xe MHE
Mol =0l= 1m fxlol Ex[=A2nd, 2= SA| #Ho| JtsT

S gol 7
-ofef OB F uE ol 45 X7 tAoM s JU4ME Ao, Ao =, 2
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Stepping Motor o UART Embedded
Motor drive Controller (Recognition)
24v] 24V | sv |
Battery o 5V
(Weed robot) _’48‘\/' Converter
% 180. 2 Alo] A]AR A4 R A|oj7] IF Al

D BE Mole QAE Tt 8 FEE VIEQE Mzdante Atixel Hez| HIE Sl
TR0, 3 Y 2 Al ZEHEZS 90° SMELEN 3 MEE mstES &

P AHE ZEHe FMEE ¥ BE JEES A|ZEnt ok M S 25t Mol Y2l ES MA St
o, 2 7|Z0M = 22 dHE Set AHE Z2E 2 9A Hoz2 SEME F2s5tH S
of, A = ZHA uetes Sof A AAEI AT2|ES HAXMSE JHME A=Y

Angle
Blade angle | 1 socew
@ I\'u;t [ Vertical distance
_ q ? |
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distance < Controller strategy>
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Blade I o .{gmw i
angle ; ’
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< Control parameters > < PID controller>
a3 181, & YAl A 719k Az Aof
O F&7gE 3 g9 2l & MxE Mol 7= A
- ol &5 7/gk 3 F MAIZE QA T|s T
Held s&s2d Jie
B AFuME gaTEE 2 AE QAlS sl ela3ald e 2= (Artificial Neural Networks,
ANN)E 0|3t 204, ANN2 QIZke| k| 2= & H U5t #x2| machine learning &2
2 oy ZH sfiZol 2l
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E5| z2 ZAFE oStEYON Z|&2l |k Mol w2l GPUE 0|88t deep neural

networke| AlZ5H sH50| J7se 223t ot 2} convolution neural network (CNN)T= 7
g2 Qs nMse| Hav|gk st50| JhsEt

M |
D 71E gA SHE2 pixel THRe] EE S 0| Est X2 CNN == HAe| gpatial 2
0| &73t0] feature extractiondl & 2lAMo|oi st&5S2 &g+ feature extractiono| 7€
(LeCun et al., 1998).

—

C3: f. maps 16@10x10
INPUT C1: fealure maps S4: 1. maps 16@5x5
3530 6@28x28

S2: f. maps
B6@14x14

|
Gaussian connections

| | | Full conrlleclicn
Convolutions Subsampling Convolutions  Subsampling Full connection

O 183, T AFAI7dY(CNN) : LeNet-5(LeCun et al., 1998)

N
=

Aoy
U oox H o
i 2

o

\I

1Z (object detection) 7|=2 UAA 2 Sellas 2/ 2 AYENX] HESHof o
A =
= VS

=

o

0]

1z por mjo

o

=
T

o
253 HHZ HEE HEo|
LWt 2 ATOME QA Lol ZFel EX) RRol] ME2EE U3 HEO| JHs3 2K
0

o
T St&5(weakly supervised learning) 2HHE 023515 =(Zhou, 2015).

DX 52 A& S(convolution layer)2 HM L2 =5 EX Y (feature maps)el &
Hofl ofefel Aln Z+2 GAP (global average pooling)2 ¢Z35t0d EXY Ztz2to| S F
= st&sls giHol
= /e — oM.

Efk(l'vy)

Gy =~

where, Gy is global average pooling of the kth feature map
f(x,y) is pixel value at xth row—yth column in kth feature map
N is total number of pixels in the feature map

Aekol Zpzfol Saf 2ol et M= of2ief 20| SLE JIS A2 GAP 42 0l &35t

o -
o o — — 1 —

Ojo of

S

S, =w{GAP,
where, S, is the score of the ¢” class,
w is importance parameter of kth feature map for ¢” class

L ERE 2o HAo ofzfel A9 sofimax ERVIE 0/85HAS.
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_exp(s)
P = Ylexp(s,)

Where, P, is the probability of the ¢” class

Aot AE2 ol o At Zof Ztzte| SYUE JISA[ef w2t 7l HAME =et 42 0l &
iR ooy, zizte| Mol dTof wet A& fIx X HAE ZBESIUZ. — class

M, (z,y) = ;wifk, (z,y)

Where, M.(x,y) is activation value at (x, y) pixel for ¢ class

ofgl OS2 WEKA FA oAIZ, vgg ZIEF| deep neural network arichitecture2
feature extraction2 9l &t Convolutional layers2t image—-level localizationES ¢l gt GAP
(global average pooling) 2 classifier2 +AMEAS.

" VGG-19 architecture

| I- 2 same layers

- Depth=512. with maxpool

Global Average Pooling J

- 4096 size. 2 FC layers

I
: R ) I Depth=64, with maxpool

1

- 2 same layers

I
| - LG :- Depth=128. with maxpool
| | |- 4 same layers
I e SO / I- Depth=256. with maxpool
' ; I- 4 same layers
: - 3X3 CONV . |- Depth=512, with maxpool

I e e S <
: 3X3 CONV J 4 seme layers “Attention network layer
1
|
|
|

)
q Softm: )

!
I |
I
: I
|
I Classifier J I
I |
I
l ]

Softmax J

S g9 olAlg s Hafd ZH MA
2 AFoME B gd elAlZ sl X =& (weakly supervised learning) 7|8 EHiE{d
2HZ ABSI¥ 2N, ol S5 0lE 50| #2 ®ot ot 2t &7/ S5t Ao W
Mol X[dzt MEo| SA| 50| 7Is&

cofef B2 MetE F A el 2’ FxEE EofF 1 e, MA Fx= o5z FE
F

of 27 EHAZ FEE + US.

. St = 2712 ER(Z I, &x ¢ dfjd)oll tis B F &2 s, ol



2l st&Oioly ez osfFE= Jatchel 2t (image-level label) EEE 7|Ho =2
=Y JSRE =¥

S(shallow Iayers)gi —_rLME|o49u4 = 47l|9| &
|25t SEA™MHEE F&Eo5IF 0], Zt2to| Sol=
unit

t (ReLU)2F max poolmgOI FIE AS.

ofx| 2t e GZAlEd 2o A max pooling TH2l global average pooling (GAP)S AlE5tH
Ron o= FECAHMAM XH3 HE FE2 2let EAUM| ISR 2 &3F.

FEo 2= 270 770l thet CAM @2 = LIEMd 5 ?leni, 0|& Ztzte| EEof tiet
HUHETE EHSH| flof MY EMEt gl softmaxE Loz f™ASIUZ -
€ Sall Ztzte]l Hdol ofgt 2712l CAM EE= =254z HEE

Max pooking Maz pooling Mas pooling
(2x2, stride 2) (2x2, stride 2) (22, stride 2)

.

y Comv-net (3x3,256) - D
y Convinet (3x3,256)  Swide =1, padding =1 Be
Stride =1, padding =1
Comv-net (3x3,256) 5
Stride =1, padding =1 > - B | ot bypinet Background

Softmax

Conv-net (3x3, 64) i
Stride =1, padding =1 -
e =1, padding |:| Class activation map Region
% S

07 185, OFFlE ok ldF B o) QA BH

StEtlolElE MRHSE ARAI SABOIN £XF MAIZH 2 Yo 27 lolEE Hxz
stof AL 3% S

DY &2 s 22l YA 2 JHS HBYEUS

St& H=olch 160x160 ALOIZZ @lo] £&3H0] Bl ClOlE{ & A0, oy 2
Gojo| ZatElof YEX| OIS BIIt0] AAIZH SBT0[E 2 BES FOSYUS

S G99 st5Oo|E{ = of Bt5 Al MA HHollM o] MEFES=Z HEZ AF HolH

MES Balolx| gt 13 gh= Al Sa-ZES wH=slof AZ &40| 227} &

stE mi2lo|HE = 3He=E MESIHS

5% ml2jo|e 2 &4 esE Cross—entropy, /X 3t7|2+& Adam optimizerg A5t
of SEEE 5003 st5S TEstHAM oA B overfitting) HXIE I8 L2

= 1 =
2 ool ola] mUo| st5e yh=ol wEl AN MA 24 o fEsUS0, oS S
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- CPU frequency : 84 MHz
- MCU operating voltage : 1.7 to 3.6 V

Controller (STM32-Nucleo)

GPIO pins : 50
ADC : 12-bit 16 channel

Motor (A200K-M599-GB10)

5 phase geared stepping motor (reduction 1:10, 0-180 rpm)
Break function

Max. torque : 200kgfcm

Rated current : 1.4 A/Phase

Motor driver (MD5-HD14)

Bipolar constant current pentagon drive type
20-35 DC power voltage

Max. driving voltage : 1.4A/Phase (3A)
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Electrical Contrel signal
(1 N

L o 2
DC motor tracked drive system BiR :ll"'—' I—TI '-H S
EETTN - HEA AL T

1
Mot I jnlt
Unit Pl Notor Je—[ MamBattery | QI (LewxH) mm 1,650X1,600%1,540
Controller =g kw 4(48VDC/2kW X 2)

|
| 2E
Power A
'l Control Mo QLR rpm 3,000(cunt)
| Unit E3 kgem 69(cunt)
|
| E=31 kWh 12.28 (51.2vDC / 120Ah X 2
[ Clarame ] Motor | Main Battery M=E N j °| : ( )
AlZ Hr £
Electric Chain mortise Sirot(r | | FALL (max/work) Km/hr 5/2
tor Reducer gear e
{ i 7| x5 kg 580
Schematic diagram of electric powertrain system for electric track driving Specification of the ele-track platform
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Simulation medel for electric rack driving platform Drivie Motor pavertrain o1
a8 200 Alxex HEA
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# 23 Alz2X AlY

Item Specifications
Driving Caterpillar
Weight (kg) 580
Length * Width * Height (mm) 1,650 = 1,600 = 1,540

Velocity (km/h) 5 (max) / 2(working)

Power (kW) 4
Rotational speed (rpm) 3000
Motor
Torque (Nm) 6.8
Reduction gear ratio 22.07
Capacity (kwWh) 1228 (51.2V /120 A » 2)
Battery
Charging time (h) 5.5 (SOC 20 % to 90 %)

HMzzxe| FSIHoIHE AS5H7| flo AAt A2 5 AAAl 2 FH 2
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I 206. B4 &4 7|(&F: TDR 500, £ SC 900)

: CAN st sdll 54 7tset dlolee 28 E3, 2H 3[™EE, 8iE{2] SOC,
&/, MYolod, CANSAE Solf dAZte2 A JHs3.
DAY HolEHe HEME flolfl =X E dlolel= B2l 7I=8lo] Adud=z
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: A S 4lolE{ = labVIEW(2021 SP1, National Instrument, USA)2F P-CAN tool (2019
4.2.4.564, PEAK-System, Germany)2 &&5l01 AF % H&& = A0, =2}0|H]
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(6) 7HEHM = BOM

2 Part |ist

O SUB Total BOM

FIGURE UPG LEVEL PART NAME PART NO NEW PART NO QTy

T T (DW'G NO)
M WEEDING ROBOT WR1 00 000

(] INSTALL-POWER TRAIN WR1 11 00A 03364-WR000 1

[ ] ASSY-MOTOR&REDUCER, LH WR1 11 100 36400-WR100 1

[] ASSY-MOTOR&REDUCER, RH WR1 11 200 36400-WR200 1

[] ASSY-RUBBER SPROKET, LH WR1 11 300 36500-WR100 1

[] ASSY-RUBBER SPROKET, RH WR1 11 400 36500-WR200 1

[ RUBBER TRACK WR1 11 500 36500-WR300 2

(] INSTALL-MAIN FRAME WR1 12 00A 03620-WR000 1

[] FRAME ASSY-MAIN, LH WR1 12 010 03620-WR100 1

[ ] FRAME ASSY-MAIN, RH WR1 12 020 03620-WR200 1

[] ROLLER_ASSY_TRACK WR1 12 600 2

[] TENSIONER ASSEMBLE WR1 12 700 2

[ ] INSTALL-ELECTRIC BOX WR1 13 00A 03631-WR00D 1

[] ELECTRIC BOX ASSY_LH WR1 13 100 £3100-WR100 1

[] ELECTRIC BOX ASSY_RH WR1 13 200 £3100-WR200 1

° MTG BRKT ASSY LWR WR1 13 200 i

0 MTG BRKT ASSY UPR WR1 13 350 1

[] MTG PLATE WR1 13 500 4

[] ROD FIX WR1 13 600 2

Y ASSY_ROD FIX MTG BRKT WR1 13 650 2

[] AVM MTG PLATE WR1 13 700 1

* CLIP HOOD-STAY RQD B1174A7000 2

° HOLDER-BONNET STAY 811782F000 2

0 HOLDER-HOQD STAY RQD 8117810000 2

[ ] INSTALL-EXTERIOR COVER WR1 14 00A 03677-WR000 1

[] EXTERIOR UPPER COVER ASSY WR1 14 100 67710-WR000 1

[ ] ELECTRIC CASE COVER ASSY LH WR1 14 200 67720-WR100 1

[] ELECTRIC CASE COVER ASSY RH WR1 14 300 67720-WR200 1

[] EXTERIOR SIDE COVER LH WR1 14 400 67730-WR100 1

EXTERIOR SIDE COVER RH WR1 14 500 £7730-WR200 1

= A-1068-1 2

4% B-1001-13H 4

[] CATCH CLIP C-1007-1 2

(] INSTALL-WEEDING MACHINE WR1 20 00A 03680-WR000 1

[] WEEDING FRAME ASSY WR1 21 000 £8000-WR000 1

[] LIFTING SYSTEM WR1 22 000 1

[ ] ROW WEEDER ASSY WR1 23 000 £8100-WR000 1

[] CROSS WEEDER ASSY WR1 24 000 £8200-WR000 1

[] FRAME MTG BRKT ASSY WR1 25 000 2

[] FRAME MTG BRKT ASSY WR1 25 050 2

(] INSTALL-ELECTRIC PARTS WR1 30 000 1

[] ELECTRIC POWER INSTALL WR1 31 000 1

[ ] WIRING HARNESS INSTALL WR1 32 000 1

(] INSTALL-AUTOMATIC DRIVING WR1 40 000 03301-WR000 1

[] FRT LIVOX LIDER WR1 41 000 03110-WR000 1

[] TOP VELODYNE LIDAR WR1 43 000 03120-WR000 1

[ ] FRT CAM WR1 44 000 03130-WR000 1

[] GRS WR1 45 000 03140-WR000 2

[] CONTROL BOX WR1 46 000 £3160-WR000 1

[ ] AVM SYSTEM WR1 47 000 03150-WR000 1

[] INSTALL_CNU WR1 43 000 1

[] INTALL_HIK WR1 49 000 1




O WR1 11 000 / Powertrain

FIGURE UPG LEVEL PART NAME PART NO NEW PART NO QTy
(DW'G NO)

4 5|6
WEEDING ROBOT WR1 00 000 =
INSTALL-POWER TRAIN WR1 11 00A 03364-WR000 1
ASSY-MOTOR&REDUCER, LH WR1 11 100 36400-WR100 1
L MOTOR WR1 11110 36401-WR000 1
L] REDUCER, WR1 11 120 36402-WR000 1
L DRIVE CHAIN-GEAR WR1 11 130 36403-WR000 1
L DRIVE CHAIN-SHAFT WR1 11 140 36404-WR000 1
[ DRIVE CHIAN-KEY WR1 11 150 36403-WR000 1
L DRIVE CHIAN-KEY WR1 11 160 36406-WR000 2
L] WASHER WR1 11 170 36407-WR000 1
L ASSY BRKT-CHAING COVER-LWR, LH WR1 11 180 36410-WR100 1
L BRKT COVER-CTR, LH WR1 11 181 36411-WR100 1
[) ROLL BENDING, SIDE WR1 11182 36412-WR000 2
[) PLATE WR1 11183 36413-WR000 1
[) BENDING PLATE WR1 11 184 36414-WR000 1
[) SPACER WR1 11185 36415-WR000 1
L ASSY BRKT-CHAING COVER-UPR, LH WR1 11 186 36416-WR000 1
L PLATE-OUTER WR1 11 187 36417-WR000 1
L] COVER ROLL BENDING-OUTER WR1 11 188 36418-WR000 1
L COVER BENDING PLATE WR1 11189 36419-WR000 1
L HEXAGON FLANGE BOLT M6x1.0Px15L 4
[ HEXAGON FLANGE BOLT Max1.25Px15L - 3
L ASSY-SPROKET IDLER WR1 11 190 36420-WR000 1
L SPROKET IDLER WR1 11 191(DRC50-13-15) 36421-WR000 1
[) SPROKET IDLER-SHAFT WR1 11192 36422-WR000 1
L WASHER WR1 11193 36491-WR000 1
[ WASHER WR1 11 194 36492-WR000 1
L SNAP RING 1
L] ASSY-CHIAN 1
[) CHAIN PLATE&PIN 1
L) CHAIN ROLLER&BUSH 1
[) CHAIN JOINT (1 PICTH) 1
[) CHAIN JOINT (0.5 PICTH) 1
[ HEXAGON FLANGE BOLT Méx1.0Px15L 2
L ROUND HEAD HEXAGON SOCKET BOLT M6x1.0Px15L 4
L] ROUND HEAD HEXAGON SOCKET BOLT MBx1.25Px25L 2
L HEXAGON FLANGE BOLT Mex1.25P%20L 7
L] HEXAGON FLANGE BOLT M8x1.25Px30L 1
ASSY-MOTOR&REDUCER, RH WR1 11 200 36400-WR200 1
L] MOTOR WR1 11110 36401-WR000 1
L REDUCER, WR1 11120 36402-WR000 1
L DRIVE CHAIN-GEAR WR1 11 130 36403-WR000 1
L DRIVE CHAIN-SHAFT WR1 11 140 36404-WR000 1
L DRIVE CHIAN-KEY WR1 11 150 36403-WR000 1
[ DRIVE CHIAN-KEY WR1 11 160 36406-WR000 2
L WASHER WR1 11170 36407-WR000 1
[ ASSY BRKT-CHAING COVER-LWR, RH WR1 11 280 36410-WR200 1
[) BRKT COVER-CTR, RH WR1 11 281 36411-WR200 1
[ ROLL BENDING, SIDE WR1 11 182 36412-WR000 2
[) PLATE WR1 11183 36413-WR000 1
L BENDING PLATE WR1 11 184 36414-WR000 1
[) SPACER WR1 11185 36415-WR000 1
L ASSY BRKT-CHAING COVER-UPR, RH WR1 11 286 36416-WR000 1
L PLATE-OUTER WR1 11 187 36417-WR000 1
L] COVER ROLL BENDING-OUTER WR1 11 188 36418-WR000 1
L PLATE-OUTER WR1 11 187 36419-WR000 4
L] HEXAGON FLANGE BOLT M6x1.0Px15L 4
L HEXAGON FLANGE BOLT Max1.25Px15L - 3
L ASSY-SPROKET IDLER WR1 11 190 36420-WR000 1
[) SPROKET IDLER WR1 11 191(DRC50-13-15) 36421-WR000 1
[) SPROKET IDLER-SHAFT WR1 11192 36422-WR000 1
L WASHER WR1 11193 36491-WR000 1
L WASHER WR1 11 194 36492-WR000 1
[ SNAP RING 1
L ASSY-CHIAN 1
[ CHAIN PLATE&PIN 1
[) CHAIN ROLLER&BUSH 1
L CHAIN JOINT (1 PICTH) 1
[) CHAIN JOINT (0.5 PICTH) 1
L] HEXAGON FLANGE BOLT Méx1 0Px15L 2
L ROUND HEAD HEXAGON SOCKET BOLT M6x1.0Px15L 4
L] ROUND HEAD HEXAGON SOCKET BOLT M8x1.25Px25L 2
L HEXAGON FLANGE BOLT Mex1.25P%20L 7
L] HEXAGON FLANGE BOLT M8x1.25P%30L 1
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ASSY-RUBBER SPROKET, LH WR1 11 300 36500-WR100 1

[) RUBBER SPROKET WR1T 11310 36501-WR000 1
) SPROKET SHAFT WR1 11320 36502-WR000 1
L CHAIM KEY WR1 11330 36503-WR000 1
[) CHAIN KEY WRT 11 340 36504-WR000 1
L) CHAIN GEAR WR1 11330 36503-WR000 1
[) ASSY BRKT-SPROKET MTG WR1 11360 36310-WR000 1
L BRKT-SPROKET MTG WR1 11 361 36511-WR000 1

L RIB WR1 11362 36312-WR000 2

L HEXAGON WELD NUT M10x1.25P ]

L ASSY-BEARING HOUSING-QUTER, LH WR1T 11370 36520-WR100 1
L PLATE WRT 11371 36321-WR000 1

L BEARING HOUSING WR1 11372 36522-WR000 1

L BRKT-COVER MTG WR1 11373 36523-WR000 1
HEXAGON WELD NUT Max1.25P 1

L ASSY-BEARING HOUSING-INNER, LH WR1 11380 36330-WR100 1
L PLATE WR1 11371 36521-WR000 1

L BEARING HOUSING WR1T 11372 36522-WR000 1

[) WASHER WR1 11391 36391-WR100 1
L) BEARING 6205 0D 2
[) SNAP RING STWN25 1
L) SNAP RING STWN26 2
L SNAP RING STWNS2 2
[) WASHER WR1 11170 36407-WR000 1
L) HEXAGON FLANGE BOLT MBx1.25P23L 2
[) HEXAGON FLANGE BOLT MEx1.25Px30L 2
) HEXAGON FLANGE BOLT M10x1.25Px20L 8
[) ROUND HEAD HEXAGON SOCKET BOLT MBx1.25Px23L 4
) HEXAGON FLANGE NUT Max1.25P 4
ASSY-RUBBER SPROKET, RH WR1 11 400 36500-WR200 1

[) RUBBER SPROKET WR1 11310 36501-WR000 1
L) SPROKET SHAFT WR1 11320 36502-WR000 1
[) CHAIM KEY WR1 11330 36303-WR000 1
) CHAIN KEY WR1 11 340 36504-WR000 1
L CHAIN GEAR WR1 11330 36503-WR000 1
[) ASSY BRKT-SPROKET MTG WR1 11 360 36510-WR000 1
L BRKT-SPROKET MTG WR1 11 361 36511-WR000 1

L RIB WR1 11362 36312-WR000 2

L HEXAGON WELD NUT M10x1.25P ]

[) ASSY-BEARING HOUSING-QUTER, RH WRT 11 470 36520-WR200 1
L PLATE WR1 11371 36521-WR000 1

L BEARING HOUSING WR1 11372 36522-WR000 1

L BRKT-COVER MTG WR1T 11373 36523-WR000 1
HEXAGON WELD NUT Max1.23p 1

[) ASSY-BEARING HOUSING-INNER, RH WRT 11 480 36330-WR200 1
L PLATE WR1 11371 36521-WR000 1

L BEARING HOUSING WR1 11372 36522-WR000 1

) WASHER WR1 11391 36501-WR100 1
L BEARING 6205 0D 2
L) SNAP RING STWNZ5 1
) SNAP RING STWNZ6 2
) SNAP RING STWNS2 2
) WASHER WRT 11170 36407-WR000 1
L HEXAGON FLANGE BOLT MBx1.25P23L 2
) HEXAGON FLANGE BOLT MBx1.25Px30L 2
) HEXAGON FLANGE BOLT M10x1.25Px20L 8
) ROUND HEAD HEXAGON SOCKET BOLT MBx1.25Px23L 4
L HEXAGON FLANGE NUT Mx1.25P 4
RUBBER TRACK WR1 11 500 36500-WR300 2




O WR1 12 000 / Main frame

FIGURE UPG LEVEL PART NAME PART NO NEW PART NO QTY
(DW'G NO)
4156

WEEDING ROBOT WR1 00 000 -

INSTALL-MAIN FRAME WR1 12 00A 03620-WR000
FRAME ASSY-MAIN, LH WR1 12 010 03620-WR100 1
9 BRKT ASSY-MAIN, LH WR112 100 62000-WR100 1
[ ASSY_FRAME-MAIN WR112 110 62010-WR000 1
[ FRAME-MAIN WR112111 62011-WR000 1
[ M8 HEXAGON WELD NUT Ma*.0p 2
[ M10 HEXAGON WELD NUT M10"1.25P 4
[ REINF-MAIN, INNER WR112 120 62020-WR000 3
[ BRKT ASSY-REINF&MTG_FRT WR112 130 62030-WR000 1
[ SQUARE_TUBE WR1 12 131 62031-WR000 1
[ BRKT-SUQARE_TUBE_QUTER_ASSY WR112 132 62032-WR000 1
BRKT-SUQARE_TUBE_OUTER WR112 133 62033-WR000 1
M8 HEXAGON WELD NUT M3*1.0p 4
[ BRKT-SUQARE_TUBE_INNER_ASSY WR112 134 62034-WR000 1
BRKT-SUQARE_TUBE_INNER WR112 135 62033-WR000 1
M10 HEXAGON WELD NUT M10*1.25P 4
[ BRKT ASSY-REINF&MTG_REAR, LH WR1 12 140 62040-WR100 1
[ BRKT MTG ASSY LH WR112 141 62041-WR100 1
BRKT MTG LH WR112 142 62042-WR100 1
M8 HEXAGON WELD NUT Mg*1.0p 2
[ PLATE WR112 143 62043-WR000 1
[ BRKT-SUQARE_TUBE_OUTER_ASSY WR112 132 62032-WR000 1
BRKT-SUQARE_TUBE_QUTER WR112 133 62033-WR000 1
M8 HEXAGON WELD NUT Mg*1.0p 4
[ BRKT-SUQARE_TUBE_INNER_ASSY WR112 134 62034-WR000 1
BRKT-SUQARE_TUBE_INNER WR112 135 62035-WR000 1
M10 HEXAGON WELD NUT M101.25P 4
[ ASSY_SQUARE_PIPE, LH WR1 12 300 62200-WR100 1
[ ASSY_SQUARE_TUBE_FRT WR112 310 62210-WR000 1
[ REINF WR112 313 62211-WR000 1
[ SQUARE_TUBE_UPR WR112 314 62212-WR000 1
[ PLATE WR112 317 62213-WR000 1
[ MTG BRKT ASSY WR112 318 62214-WR000 1
MTG BRKT WR112 319 62213-WR000 1
M8 HEXAGON WELD NUT M3*1.0p 1
[ SUPPORT ASSY-CASE REINF WR112 320 62220-WR000 2
[ SQUARE TUBE-CASE WR1 12 321 62221-WR000 1
[ REINF WR112 322 62222-WR000 1
[ PLATE ASSY WR112 330 62230-WR000 3
[ PLATE WR1 12 331 62231-WR000 1
[ M& HEXAGON WELD NUT M6*1.0P 2
[ SQUARE TUBE ASSY_REAR, LH WR1 12 340 62240-WR100 1
[ ] REINF WR112 313 62211-WR000 1
[ HANGER WR112 316 62212-WR000 ]
[ ] PLATE WR112 317 62213-WR000 1
[ MTG BRKT ASSY WR112 318 62214-WR000 1
MTG BRKT WR112 319 62215-WR000 1
M8 HEXAGON WELD NUT Mg*1.0p 1
[ ] SQUARE_TUBE_UPR WR112 344 62241-WR000 1
[ REINF_CENTER WR1 12 360 62250-WR000 1
[ ] PLATE ASSY WR112 370 62260-WR000 2
[ PLATE_FRAME WR1 12 371 62261-WR000 1
[ ] BRKT-OUTER WR112 372 62262-WR000 1
[ PLATE-INNER WR112 373 62263-WR000 1
[ ] PLATE-CTR WR112 374 62264-WR000 1
(] BRKT ASSY-TENSIONER, LH WR1 12 500 62050-WR100 1
[ ] BRKT-TENSIONER, LH WR112 510 62051-WR000 2
[ BRKT-TENSIONER, RH WR1 12 520 62052-WR000 1
[ ] BRKT-TENSIONER, INNER WR112 530 62053-WR000 1
[ RIB WR1 12 540 62054-WR000 1
[ BRKT_SIDE_COVER_MTG ASSY WR1 12 550 62035-WR000 1
[ BRKT_SIDE_COVER_MTG WR1 12 551 62056-WR000 1
[ M8 HEXAGON WELD NUT Mg*1.0p 2
[ M14 COUPLING NUT M142.0p*42 1
[ M10 HEXAGON WELD NUT M10*1.25P 4
FRAME ASSY-MAIN, RH WR1 12 020 03620-WR200 1
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FRAME ASSY-MAIN, RH WR1 12 020 03620-WR200 1

BRKT ASSY-MAIN, RH WR1 12 200 62000-WR200 1

L ASSY_FRAME-MAIN WR1 12110 62010-WR000 1
L] FRAME-MAIN WR112 111 62011-WR000 1

[ M8 HEXAGON WELD NUT M8&*1.0P 2

[ M10 HEXAGON WELD NUT M10*1.25P 4

L] REINF-MAIN, INNER WR1 12 120 62020-WR000 3
L BRKT ASSY-REINF&IMTG_FRT WR1 12 130 62030-WR000 1
[ SQUARE_TUBE WR112 131 62031-WR000 1

[ BRKT-SUQARE_TUBE_QUTER_ASSY WR1 12 132 62032-WR000 1
BRKT-SUQARE_TUBE_QUTER WR112 133 62033-WR000 1

M8 HEXAGON WELD NUT M8&*1.0P 4

[ BRKT-SUQARE_TUBE_INNER_ASSY WR112 134 62034-WR000 1
BRKT-SUQARE_TUBE_INNER WR1 12 135 62035-WR000 1

M10 HEXAGON WELD NUT M10*1.25P 4

L BRKT ASSY-REINF&IMTG_REAR, RH WR1 12 240 62040-WR200 1
L] BRKT MTG ASSY RH WR1 12 241 62041-WR200 1

BRKT MTG RH WR1 12 242 62042-WR200 1

M8 HEXAGON WELD NUT M8&*1.0P 2

L] PLATE WR1 12 143 62043-WR000 1

[ BRKT-SUQARE_TUBE_QUTER_ASSY WR1 12 132 62032-WR000 1
BRKT-SUQARE_TUBE_QUTER WR112 133 62033-WR000 1

M8 HEXAGON WELD NUT M8&*1.0P 4

[ BRKT-SUQARE_TUBE_INNER_ASSY WR112 134 62034-WR000 1
BRKT-SUQARE_TUBE_INNER WR1 12 135 62035-WR000 1

M10 HEXAGON WELD NUT M10*1.25P 4
ASSY_SQUARE_PIPE, RH WR1 12 400 62200-WR200 1

L ASSY_SQUARE_TUBE_FRT WR1 12 310 62210-WR000 1
[ REINF WR112 313 62211-WR000 1

L] SQUARE_TUBE_UPR WR1 12 314 62212-WR000 1

[ PLATE WR1 12 317 62213-WR000 1

[ MTG BRKT ASSY WR112 318 62214-WR000 1

MTG BRKT WR1 12 319 62215-WR000 1

M8 HEXAGON WELD NUT M8&*1.0P 1

L SUPPORT ASSY-CASE REINF WR1 12 320 62220-WR000 2
[ SQUARE TUBE-CASE WR1 12 321 62221-WR000 1

[ REINF WR1 12 322 62222-WR000 1

L PLATE ASSY WR1 12 330 62230-WR000 3
[ PLATE WR1 12 331 62231-WR000 1

L] M6 HEXAGON WELD NUT M6G*1.0P 2

L SQUARE TUBE ASSY_REAR, RH WR1 12 440 62240-WR200 1
[ REINF WR112 313 62211-WR000 1

L] HANGER WR1 12 316 62212-WR000 6

[ PLATE WR1 12 317 62213-WR000 1

[ MTG BRKT ASSY WR112 318 62214-WR000 1

MTG BRKT WR1 12 319 62215-WR000 1

M8 HEXAGON WELD NUT M8&*1.0P 1

[ SQUARE_TUBE_UPR WR1 12 344 62241-WR000 1

L REINF_CENTER WR1 12 360 62250-WR000 1
L PLATE ASSY WR1 12 370 62260-WR000 2
[ PLATE_FRAME WR112 371 62261-WR000 1

[ BRKT-OUTER WR1 12 372 62262-WR000 1

L] PLATE-INNER WR1 12 373 62263-WR000 1

[ PLATE-CTR WR1 12 374 62264-WR000 1
BRKT ASSY-TENSIONER, RH WR1 12 800 62050-WR200 1

L BRKT-TENSIONER, LH WR1 12 510 62051-WR000 2
L BRKT-TENSIONER, RH WR1 12 520 62052-WR000 1
L] BRKT-TENSIONER, INNER WR1 12 530 62053-WR000 1
[ ] RIB WR1 12 540 62054-WR000 1
L] BRKT_SIDE_COVER_MTG ASSY WR1 12 550 62055-WR000 1
[ BRKT_SIDE_COVER_MTG WR1 12 551 62056-WR000 1

[ M8 HEXAGON WELD NUT M&*1.0p 2

L] M14 COUPLING NUT M1472.0p=42 1
L] M10 HEXAGON WELD NUT M1071.25P 4
ROLLER ASSY_TRACK WR1 12 600 2

ROLLER_ASSY WR1 12 610 62060-WR000 4

L] ROLLER WR1 12 611 1
L] BEARING WR1 12 612 1
L] OILSEAL_20-47-12 WR1 12 613 2
L] SHAFT-TRACK WR1 12 614 1
M14 HEXAGON FLANGE NUT M14*1.5P 8

TENSIONER ASSEMBLE WR1 12 700 2

TENSION_ROLLER WR1 12710 62070-WR000 1
BRKT_ASSY_HINGE_MTG WR1 12720 62080-WR000 1

L] REINF-TENSIONER WR1 12 721 62081-WR000 2
L] BRKT_TENSIONER CTR WR1 12 722 62082-WR000 1
L] PIPE_TENSIONER_CTR WR1 12 723 62083-WR000 1
[ ] PLATE-SQAURE_TUBE WR1 12724 62084-WR000 1
M14 HEXAGON FLANGE NUT M14*1.5P 2

M14 HEXAGON FLANGE BOLT M14*2.0P*150 2

M10 HEXAGON FLANGE BOLT M10*2.0P*20 24
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O WR1 13 000 / Ele—system

FIGURE UPG LEVEL PART NAME PART NO NEW PART NO QTy
(DW'G NO)
45|86
WEEDING ROBOT WR1 00 000 -
INSTALL-ELECTRIC BOX WR1 13 00A 03631-WR000 1
ELECTRIC BOX ASSY_LH WR1 13 100 63100-WR100 1
° FLOOR ASSY WR1 13 110 63110-WR000 1
° MEMBER MTG WR1 13 111 63111-WR000 2
° ASSY_CTR FLOOR WR1 13 112 63112-WR000 1
° CTR FLOOR WR1 13 113 63113-WR000 1
° M3 HEXAGON WELD NUT M2*1.0P 4
[ ASSY_SIDE FLOOR LH WR1 13 114 63114-WR000 1
[ SIDE FLOOR LH WR1 13 115 63115-WR000 1
[ M8 HEXAGON WELD NUT M8=1.0p 4
[ ASSY_SIDE FLOOR RH WR1 13 116 63116-WR000 1
[ SIDE FLOOR RH WR1 13 117 63117-WR000 1
[ M8 HEXAGON WELD NUT M8=1.08 4
° SIDE INNER PANEL ASSY LH WR1 13 120 63120-WR100 1
° SIDE INNER PANEL LH WR1 13 121 63121-WR100 1
° BATTERY MTG BRKT ASSY WR1 13 122 63122-WR000 1
° BATTERY MTG BRKT WR1 13 123 63123-WR000 1
° BATTERY MTG GUIDE WR1 13 124 63124-WR000 2
[ BATTERY REINF BRKT WR1 13 125 63125-WR000 2
[ M6 HEXAGON WELD NUT M61.08 4
[ MTG BRKT ASSY WR1 13 126 63126-WR000 4
[ MTG BRKT WR1 13 127 63127-WR000 1
[ M6 HEXAGON WELD NUT M61.08 1
[ RECIVER MTG BRKT ASSY WR1 13 128 63128-WR000 1
) RECIVER MTG BRKT WR1 13 129 63129-WR000 1
° M6 HEXAGON WELD NUT M6*1.0P 4
° HANGER WR1 12 316 62212-WR000 10
° M3 HEXAGON WELD NUT M5+0.8P 4
° M6 HEXAGON WELD NUT M6*1.0P 10
[ SIDE OUTER PANEL ASSY LH WR1 13 130 63130-WR100 1
[ SIDE OUTER PANEL WR1 13 131 63131-WR000 1
[ RLY MTG BRKT ASSY WR1 13 132 63132-WR000 1
[ RLY MTG BRKT WR1 13 133 63133-WR000 1
[ M5 HEXAGON WELD NUT M570.88 3
[ FUSE BOX MTG BRKT ASSY WR1 13 134 63134-WR000 1
® FUSE BOX MTG BRKT WRT 13 135 63135-WR00D 1
° M3 HEXAGON WELD NUT M5+0.8P 2
° M6 HEXAGON WELD NUT M6*1.0P 3
° MTG BRKT ASSY WR112 126 63126-WR000 4
° MTG BRKT WR1 12 127 63127-WR000 1
° M6 HEXAGON WELD NUT M6*1.0P 1
[ HANGER| WR1 12 316 62212-WR000 4
[ MTG FLOOR ASSY LH WR1 13 140 63140-WR100 1
[ MTG FLOOR MAIN PANEL LH WR1 13 141 63141-WR100 1
[ MTG BRKT WR1 13 142 63142-WR000 1
[ HANGER WR1 12 316 62212-WR000 7
[ M5 HEXAGON WELD NUT M570.88 7
° M6 HEXAGON WELD NUT M6*1.0P 2
° M3 HEXAGON WELD NUT M2*1.0P 1
ELECTRIC BOX ASSY_RH WR1 13 200 63100-WR200 1
° FLOOR ASSY WR1 13 110 63110-WR000 1
° MEMBER MTG WR1 13 111 63111-WR000 2
[ ASSY_CTR FLOOR WR1 13 112 63112-WR000 1
[ CTR FLOOR WR1 13 113 63113-WR000 1
[ M8 HEXAGON WELD NUT M8=1.0p 4
[ ASSY_SIDE FLOOR LH WRT 13 114 63114-WR000 1
[ SIDE FLOOR LH WR1 13 115 63115-WR000 1
[ M8 HEXAGON WELD NUT M8=1.0p 4
[ ASSY_SIDE FLOOR RH WR1 13 116 63116-WR000 1
° <IDE FLOOR &H WR1 13 117 63117-WR000 1
° M3 HEXAGON WELD NUT M2*1.0P 4
° SIDE INNER PANEL ASSY RH WR1 13 220 63120-WR200 1
° SIDE INNER PANEL RH WR1 13 221 63121-WR200 1
[ BATTERY MTG BRKT ASSY WR1 13 122 63122-WR000 1
[ BATTERY MTG BRKT WR1 13 123 63123-WR000 1
[ BATTERY MTG GUIDE WR1 13 124 63124-WR000 2
[ BATTERY REINF BRKT WR1 13 125 63125-WR000 2
[ M6 HEXAGON WELD NUT M61.08 4
0 M6 HEXAGON WELD NUT M6*1.0P 1
0 HANGER WR1 12 316 62212-WR000 7
0 M6 HEXAGON WELD NUT M6*1.0P 2
° SIDE OUTER PANEL ASSY RH WR1 13 230 63130-WR200 1
[ SIDE OUTER PANEL WR1 13 131 63131-WR000 1
[ HANGER WR1 12 316 62212-WR000 3
[ MTG FLOOR ASSY RH WR1 13 240 63140-WR200 1
MTG FLOOR MAIN PANEL LH WR1 13 241 63141-WR200 1
HANGER WR1 12 316 62212-WR000 1
M8 HEXAGON WELD NUT M8=1.08 1
MTG BRKT ASSY LWR WR1 13 300 63151-WR000 1
[] MTG BRKT LWR WR1 13 310 63152-WR000 1
[ M6 HEXAGON WELD NUT M61.08 4
MTG BRKT ASSY UPR WR1 13 350 63153-WR000 1
° MTG BRKT UPR WR1 13 360 63154-WR000 1
° M6 HEXAGON WELD NUT M6*1.0P 4
MTG PLATE WR1 13 500 63155-WR000 4
ROD FIX WR1 13 600 63156-WR000 2
ASSY_ROD FIX MTG BRKT WR1 13 650 63157-WR000 2
[] ROD FIX MTG BRKT WR1 13 651 63158-WR000 1
[ M6 HEXAGON WELD NUT M61.08 2
AVM MTG PLATE WR1 13 700 63159-WR000 1
CLIP HOOD-STAY ROD 81174A7000 2
HOLDER-BONNET STAY, 811782F000 2
HOLDER-HOOD STAY ROD. 8117810000 2
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O WR1 14 000 / Outter cover

FIGURE UPG LEVEL PART NAME PART NO NEW PART NO QTy
(DW'G NO)
1 2[3[a]5]6e6
° WEEDING ROBOT WR1 00 000 -
* INSTALL-EXTERIOR COVER WR1 14 00A 03677-WR000 1
* EXTERIOR UPPER COVER ASSY WR1 14 100 67710-WR00D 1
[ EXTERIOR UPPER COVER WR1 14 110 67711-WR00D 1
[) COVER MTG BRKT ASSY WR1 14 120 67712-WR00D 6
] COVER MTG BRKT WR1 14 121 67713-WR000 1
* 88 4E M10%1.25P 2
[ ELECTRIC CASE COVER ASSY LH WR1 14 200 67720-WR100. 1
[) ELECTRIC CASE COVER LH WR1 14 210 67721-WR100 1
[) HINGE MTG BRKT ASSY WR1 14 220 67722-WR00D 2
% 0 HINGE MTG BRKT WR1 14 221 67723-WR000 1
[ 8E HE M6*1.0P 3
) COVER BRKT WR1 14 230 67724-WR00D 1
) MTG BRKT WR1 14 240 67725-WR000 1
° ELECTRIC CASE COVER ASSY RH WR1 14 300 67720-WR200 1
) ELECTRIC CASE COVER RH WR1 14 310 67721-WR200 1
% ° HINGE MTG BRKT ASSY WR1 14 220 67722-WR000 2
[] HINGE MTG BRKT WR1 14 221 67723-WR000 1
* 88 4E MB~1.0P 3
[) COVER BRKT WR1 14 230 67724-WR00D 1
[ MTG BRKT WR1 14 240 67725-WR000 1
L] EXTERIOR SIDE COVER LH WR1 14 400 67730-WR100 1
] EXTERIOR SIDE COVER RH WR1 14 500 67730-WR200 1
L] &To| A-1068-1 2
¥ / L ] E=ES| B-1001-13H 4
ﬁ L] CATCH CLIP C-1007-1 2
O WR1 15 000 / Weeding unit
FIGURE UPG LEVEL PART NAME PART NO NEW PART NO QTy
(DW'G NO)
1 2[3[a]s s
[ WEEDING ROBOT WR1 00 000 -
® INSTALL-WEEDING MACHINE WR1 20 00A 03680-WR000 1
) WEEDING FRAME ASSY WR1 21 000 68000-WR000 1
O MAIN FRAME ASSY LH WR1 21 100 68010-WR100 1
[] MAIN FRAME LH WR1 21 110 68011-WR100 1
* MTG BRKT ASSY WR1 21 120 68012-WR000 4
[ ] MTG BRKT WR1 21 121 68013-WR000 1
[ ] S8 4HE M8"1.0P 3
O HANGER WR1 12 316 62212-WR000 2
[ ] 8T HE M6+0.8P 5
L] 8T HE M3*1.0P 5
] MAIN FRAME ASSY RH WR1 21 200 68010-WR200 1
* MAIN FRAME RH WR1 21 210 68011-WR200 1
* MTG BRKT ASSY WR1 21 120 68012-WR000 4
[ ] MTG BRKT WR1 21 121 68013-WR000 1
[ ] 8E HE M3~1.0P 1
O HANGER WR1 12 316 62212-WR000 2
[ ] 8T HE M6+0.8P 5
L] 8T HE M3*1.0P 5
[] LINK FRAME ASSY NO.1 WR1 21 300 68020-WR000 1
* LINK FRAME SUB ASSY WR1 21 310 68021-WR000 1
[ ] LINK FRAME WR1 21 311 68022-WR000 1
[ ] INSERT NUT ASSY WR1 21 312 68023-WR000 3
INSERT MUT BRKT WR1 21 313 '68024-WR000 1
O MTG BRKT ASSY WR1 21 320 68025-WR000 2
® MTG BRKT WR1 21 321 68026-WR000 1
[ BOSS WR1 21 322 68027-WR000 1
[ ] COVER WR1 21 323 68028-WR000 1
* MTG BRKT ASSY WR1 21 325 68025-WR001 2
[ ] MTG BRKT WR1 21 321 68026-WR000 1
® BOSS WR1 21 322 68027-WR000 1
® COVER WR1 21 323 68028-WR000 1
O LINK FRAME SUB ASSY WR1 21 310 68030-WR000 1
o LINK FRAME WR1 21 311 68031-WR000 1
* INSERT NUT ASSY WR1 21 312 68032-WR000 3
[ ] INSERT NUT BRKT WR1 21 313 68033-WR000 1
[ 8E HE Ma=1.0P 2
0 LINK FRAME ASSY NO.2 WR1 21 400 68040-WR000 1
O LINK FRAME WR1 21 410 68041-WR000 1
O MTG BRKT ASSY WR1 21 420 68042-WR000 1
® MTG BRKT WR1 21 421 68043-WR000 1
[ BOSS WR1 21 322 68027-WR000 1
* MTG BRKT ASSY WR1 21 425 68044-WR000 1
[ ] MTG BRKT WR1 21 421 68043-WR000 1
[ ] BOSS WR1 21 322 68027-WR000 1
O HANGER WR1 12 316 62212-WR000 2
O LINK FRAME ASSY NO.3 WR1 21 500 68050-WR000 1
O LINK FRAME WR1 21 410 68041-WR000 1
o MTG BRKT WR1 21 510 68051-WR000 4
* HANGER WR1 12 316 62212-WR000 5
* REINF FRAME ASSY WR1 21 600 68060-WR000 1
* REINF FRAME WR1 21 610 68061-WR00D 1
0 HANGER WR1 12 316 62212-WR00D 3
O REINF FRAME WR1 21 610 68061-WR000 1
[ ] SHxE0| 62 ZE M10*1.25P*90 24
[ ] SHxE0 62 HE M10*1.25P 24




LIFTING SYSTEM WR1 22 000 68070-WR000 1
[ ] LINK ARM WR1 22 110 68071-WR000 2
® LINK ARM WR1 22 210 68072-WR000 1
® INSERT PIN WR1 22 300 68073-WR000 2
[ INSERT PIN WR1 22 320 68074-WR000 2
[ ] CVLINDER_P38 WR1 22 400 68075-WR000 2
® BUSH 2072810 12
® WHASHER 30%10%2t 68076-WR000 8
[ ] SHUXE0| 62 =E M10*1.25P%20 8
[ ] SUXEO0 64 EE M8"1.25P*70 2
[ ] EdxE0l 64 EE MB81.25P*50 2
[ SR E0l 67 HE M81.25p 4
ROW WEEDER ASSY WR1 23 000 68100-WR000 1

[ ] LIFT MAIN BODY ASSY WR1 23 100 68110-WR000 1
[ ] ASSY_LOWER LIFT HITCH LH WR1 23 110 68111-WR000 2

® LOWER LIFT HITCH WR1 23 111 68112-WR000 1

® BOSS WR1 23 322 68132-WR000 1

[ COVER WR1 23 323 68133-WR000 1

[ ] ASSY_LOWER LIFT HITCH RH WR1 23 120 68113-WR000 2

° LOWER LIFT HITCH WRT 23 111 68112-WR000 1

® BOSS WR1 23 322 68132-WR000 1

[ COVER WR1 23 323 68133-WR000 1

[ ] ASSY_UPPER LIFT HITCH LH WR1 23 130 68114-WR000 1

® UPPER LIFT HITCH WR1 23 131 68115-WR000 1

® BOSS WR1 23 322 68132-WR000 1

® COVER WR1 23 323 68133-WR000 1

[ ] ASSY_UPPER LIFT HITCH RH WR1 23 140 68116-WR000 1

[ ] UPPER LIFT HITCH WRT 23 131 68115-WR000 1

® BOSS WR1 23 322 68132-WR000 1

® COVER WR1 23 323 68133-WR000 1

[ LOWER PIPE WR1 23 150 68117-WR000 1

[ ] UPPER PIPE WR1 23 160 68118-WR000 1

° LINKAGE HITCH ASSY WR1 23 170 68119-WR000 1

® LINKAGE HITCH WR1 23 171 6811A-WR000 1

[ FIX PIN WR1 23 172 6811B-WR000 2

[ ] SIDE FRAME BASE ASSY WR1 23 180 6811C-WR000 2

® SIDE FRAME BASE WR1 23 181 6811D-WR000 1

L] 2B HE M10*1.25P 2

® HANGER WR1 12 316 62212-WR000 3

[ ] SIDE CULTIVATOR ARM ASSY LH WR1 23 200 68120-WR100 1
[ ] BENDING PIPE WR1 23 210 68121-WR000 1

® LINKAGE HITCH ASSY WR1 23 220 68122-WR000 1

® LINKAGE HITCH ASSY WR1 23 170 68119-WR000 1

® | LINKAGE HITCH WR1 23 171 6811A-WR000 1

® | Axen WR1 23 172 6811B-WR000 2

[ ] S8 HE M10~1.25P H

L] EHxE0 64 EE M10%1.25P*70 2

[ SIDE CULTIVATOR ARM ASSY RH WR1 23 300 68120-WR200 1
[ ] BENDING PIPE WR1 23 210 68121-WR000 1

® LINKAGE HITCH ASSY WR1 23 220 68122-WR000 1

® LINKAGE HITCH ASSY WR1 23 170 68119-WR000 1

® | LINKAGE HITCH WR1 23 171 6811A-WR000 1

® | Axen WR1 23 172 6811B-WR000 2

[ EEHE M1071.25P 2

L] EHxE0 64 EE M10%1.25P*70 2

® CERVICAL RETENTION SIDE UNIT WR1 23 400 68130-WR000 2
[ LINKAGE ASSY WR1 23 410 68131-WR000 2

[ ] LINKAGE WRT 23 411 68132-WR000 1

[ BOSS WR1 23 412 66133-WR000 2

[) WHEEL MTG BRKT ASSY WR1 23 420 68134-WR000 1
WHEEL MTG BRKT ASSY LH WRT 23 421 68135-WR000 1

® | WHEEL MTG BRKT LH WR1 23 422 68136-WR000 1

® | STEUHE M10*1.25P 2

[ WHEEL MTG BRKT RH WRT 23 423 68137-WR000 1

[) WHEEL MTG PIN WR1 23 516 1

® LINK PIN WR1 23 430 68138-WR000 2

) LINK PIN MTG WR1 23 440 68139-WR000 2

[] SHXE0 6% HE M8*1.25P 16
[ ] SNAP RING 135 8
[ CERVICAL RETENTION CENTER UNIT WR1 23 500 68140-WR000 1
® LINKAGE ASSY WRT 23 410 68131-WR00D 2

) LINKAGE WR1 23 411 68132-WR000 1

) BOSS WR1 23 412 68133-WR000 2

LINK PIN WR1 23 430 68138-WR000 2

LINK PIN MTG WR1 23 440 68139-WR000 2

WHEEL BASE ASSY WRT 23 510 68141-WR000 1

) WHEEL BASE BRKT WR1 23 511 68142-WR000 2

) WHEEL BASE REINF BRKT WR1 23 512 68143-WR000 1

[ MTG PIPE WR1 23 513 68144-WR000 1

[) CUTTER BASE BRKT ASSY WR1 23 514 68145-WR000 1

@ | CUTTER BASE BRKT WRT 23 515 68146-WR000 1

® | STEUHE M10*1.25P 2

) WHEEL MTG PIN WR1 23 516 68147-WR000 2

[ CUTTER BASE ASSY LH WR1 23 520 68148-WR000 1

[) CUTTER BASE MTG ASSV WR1 23 521 68149-WR000 1

@ | CUTTER BASE MTG WRT 23 522 6814A-WR000 1

® | STEUHE M10*1.25P 2

) CUTTER BASE BRKT ASSY WRT1 23 523 6814B-WR000 1

@ | CUTTER BASE BRKT WR1 23 524 6814C-WR000 1

® | SE4E M1071.25P 2

® CUTTER BASE ASSY RH WR1 23 530(520) 1

D CUTTER BASE MTG ASSY WRT 23 521 68149-WR000 1

® | CUTTER BASE MTG WR1 23 522 6814A-WR000 1

® | ST 4= M10%1.25P 2

[) CUTTER BASE BRKT ASSY WR1 23 523 6814B-WR000 1

@ | CUTTER BASE BRKT, WRT 23 524 6814C-WR000 1

® | ST uHE M10+1.25P 2

[ ] SHXE0 6% HE M8g*1.25p 8
) SNAP RING 135 4
[ ROW WEEDER ASSY WR1 23 600 68150-WR000 5
[) ROW WEEDER CUTTER WR1 23 610 68151-WR000 1

D ROW WEEDER TRUNK WR1 23 620 68152-WR000 1

) WHEEL ASSY WR1 23 700 4
GAS SPRING WR1 23 800 6

AR E0| 63 EE M101.25P"70 4

AR E0| 63 EE M1071.25P"50 4

AXE0| 62 EE M1071.25P"20 16

[ ] SHXE0 6% =E M8*1.25P*20 4
O SNAP RING 178 4

1

©

~
1




CROSS WEEDER ASSY WRI 24 000 £8200-WR000 1
[ (ROSS WEEDER ASSY LH WR1 24 100 68210-WR100 1
[] MTG BRKT ASSY LH WR1 24 110 68211-WR100 1

[] LINKAGE MTG BRKT H WR1 24111 68212-WR100 1

[) WHEEL MTG BRKT WR1 24112 68213-WR000 1

[) MOTOR MTG BRKT L WR1 24113 68214-WR100 1

[) WHEEL MTG PIN WR1 23 516 68147-WR000 1

[) LINKAGE HITCH ASSY WR1 23 220 68122-WR000 1

[) LINKAGE HITCH ASSY WR1 23170 68119-WR000 1

@ | LINKAGE HITCH WR1 23171 6811A-WR000 1

0| FIXPIN WR1 23172 6811B-WR000 2

[) £ 4E M10%1.25 2

[) LINKAGE ASSY WR1 23 410 68131-WR000 2

[) LINKAGE WR1 23 411 68132-WR000 1

[) BOSS WR1 23 412 68133-WR000 2

[) LINK PIN WR1 23 430 68138-WR000 2

[) LINK PIN MTG WR1 23 440 6813-WR000 2

[) CROSS WEEDER ASSY RH WR1 24 200 68210-WR200 1
. MTG BRKT ASSY RH WR1 24 210(10) 68211-WR200 1

[) LINKAGE MTG BRKT RH WR1 24 211(111) 68212-WR200 1

[) WHEEL MTG BRKT WR1 24112 68213-WR000 1

[) MOTCR MTG BRKT RH WR1 24 213213) 68214-WR200 1

[] WHEEL MTG PIN WR1 23 516 68147-WR000 1

[] LINKAGE HITCH ASSY WR1 23 20 68122-WR000 1

[] LINKAGE HITCH ASSY WR1 23170 63119-WR000 1

@ | LINKAGE HITCH WR1 23171 §811A-WR00D 1

| RPN WR1 23172 63118-WR000 2

[) £H 4E M10%1.25 2

[] LINKAGE ASSY WR1 23 410 63131-WR000 2

[] LINKAGE WR1 23 411 63132-WR000 1

[] BO%S WR1 23 412 63133-WR000 2

[] LINK PIN WR1 23 430 63138-WR000 2

[] LINK PIN MTG WR1 23 440 63139-WR000 2

[ LINKAGE MTG BRKT WR1 24 300 68220-WR000 2
[ (ROSS WEEDER CUTTER ASSY WR1 24 400 68230-WR000 2
[) SHAFT MTG ASSY WR1 24 410 68231-WWR000 1

[) MTG BRKT WR1 24 411 68232-WR000 1

[) SHAFT TRUNK WR1 24 412 68233-WR000 1

[) CUTTER ASSY WR1 24 420 68234-WR000 1

[) CUTTER ATRUNK WR1 24 421 £8235-WR000 1

[) (ROSS WEEDER CUTTER WR1 24 422 68236-WR000 1

[) SHAFT UPR WR1 24 430 68237-WR000 1

[] BEARING-6205 WR1 24 44) 1

[] BEARING-6206 WR1 24 450 1

[] BLDC MOTOR WR1 24 500 2
[] BLDC MOTOR CONTROL BOX - 1
[ WHEEL ASSY WR1 23 700 2
[) GAS SPRING WR1 23 800 4
[) SHTE0 64 EE M10*1.258°20 4
[) SHTE0 64 EE M8*1.25P°20 2
[) SHTE0 64 EE MB*1.0P*15 4
[) STl 6% 47 BE M8*1.0*30 g
[) SUNE0] 65 HE Mg*.25 !
[) SUNE0] 65 HE M*1.0p 4
[] SNAP RING 13 8
[] SNAP RING 175 2
[] SNAP RING 55 4
[ SNAP RING SR 2
FRAME MTG BRKT ASSY WRI 25 000 £8080-WR000 2

[) FRAME MTG BRKT LH WR1 25 100 68081-WR100 1
[) FRAME MTG BRKT RH WR1 25 200 68081-WWR200 1
FRAME MTG BRKT ASSY WRI 25 050 63090-WR000 2

[) FRAME MTG BRKT LH WR1 25 100 68081-WR100 1
[) FRAME MTG BRKT RH WR1 25 200 68081-WR200 1
[ HANGER WR1 12 316 62212-WR000 4




O WR1 40 000 / Self driving system

FIGURE UPG LEVEL PART NAME PART NO NEW PART NO QTy
(DW'G NO)

456
WEEDING ROBOT WR1 00 000 -
INSTALL_AUTOMATIC DRIVING WR1 40 000 03301-WR000 1
FRT LIVOX LIDAR WR1 41 000 30110-WR000 1
[ LIVOX MID70 WR1 41 100 30111-WR000 2
[ LIDAR BASE WR1 41 200 30112-WR000 2
[) ASSY_BASE PLATE LH WR1 41 300 30113-WR100 1
[} SIDE BRKT WR1 41 310 30114-WR00D 1
[] BASE PLATE LH WR1 41 320 30115-WR00D 1
[ ASSY_BASE PLATE RH WR1 41 400 30113-WR200 1
[] SIDE BRKT WR1 41 310 30114-WR000 1
[ BASE PLATE RH WR1 41 320 30115-WR000 1
TOP VELODYNE LIDAR WR1 42 000 30120-WR000 1
[ VELODYNE LIDAR WR1 42 100 30121-WR000 1
[ ASSY_TOP MTG BRKT WR1 42 200 30122-WR000 1
[ MTG BRKT LWR WR1 42 210 30123-WR000 1
[ MTG BRKT PIPE WR1 42 220 30124-WR000 1
[ SQUARE PIPE WR1 42 230 30125-WR000 1
[ MTG BRKT MID WR1 42 240 30126-WR000 1
[ MTG BRKT UPR WR1 42 300 30127-WR000 1
[ MTG PIN WR1 42 400 30122-WR000 3
[ HEXAGON FLANGE NUT M6x1.0P 6
TOP VELODYNE LIDAR WR1 43 000 30130-WR000 1
[ MTG PLATE WR1 43 200 30131-WR000 1
[ ASSV_MTG BRKT WR1 43 300 30132-WR000 1
[ MTG BRKT WR1 43 310 30133-WR00D 1
[ FR GUIDE WR1 43 320 30134-WR000 1
[ RR GUIDE WR1 43 330 30135-WR000 1
[ HEXAGON WLED NUT M5%0.8P 4
[ HEXAGON FLANGE BOLT M8x1 25Px15 2
[ HEXAGON FLANGE NUT Mex1 25P 2
FRT CAM WR1 44 000 30140-WR000 1
GRS WR1 45 000 30150-WR000 2
CONTROL BOX WR1 46 000 63160-WR000 1
[ ASSY_CONTROL BOX_MAIN WR1 46 100 63161-WR000 1
[ CONTROL BOX LWR WR1 46 110 63162-WR000 1
[ CONTROL BOX SIDE OTR WR1 46 120 63163-WR000 2
[ CONTROL BOX SIDE INR WR1 46 130 63164-WR000 2
[ CONTROL BOX COVER WR1 46 200 £3165-WR00D 1
[] EE] - 1
[ HAEY - 1
HEUS AVM SYSTEM WR1 47 000 30160-WR000 1
INSTALL_CNU WR1 48 000 1
[ CNU CONTROLLER WR1 48 100 1
[ PCB WR1 48 110 1
[ PCB CASE UPPER WR1 48 120 1
[ PCB CASE LOWER WR148 130 1
[ MD3-2X WR1 48 200 1
[ MD5-HD14-2X WR1 48 210 1
[ MD3-2 CASE WR1 48 220 1
[ VFK4002-048-524 WR1 42 300 1
[ ASSY_MTG BRKT LWR WR1 48 400 1
[ ASSY_MTG BRKT PLATE WR1 48 410 1
[ MTG BRKT PLATE WR1 48 411 1
[ HEXAGON WLED NUT M5x0.8P 4
[ ASSV_MTG BRKT SIDE LH WR1 48 420 1
0 MTG BRKT SIDE LH WR1 48 421 1
0 HEXAGON WLED NUT M5x0.8P 3
[ ASSY_MTG BRKT SIDE RH WR1 48 430 1
[ MTG BRKT SIDE RH WR1 48 431 1
[ HEXAGON WLED NUT M5x0.8P 3
[ ASSV_MTG BRKT UPR WR1 48 500 1
[ MTG BRKT UPR WR1 48 510 1
0 HEXAGON WLED NUT M5x0.8 4
INTALL_HIK WR1 49 000 1
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21-FACTMP-603

AAE (212 Y)

(170 % 35 % 5) mm, 2 7}
(%) 35 cm

A

(14 ~ 41) cm

BLDL-4K30A2000 / MDE %
2kW (270) /DC 48V

SGLP-G-048-120 / A A
40 V 120 Ah (2 7H) / DC 48 V

(£+4) FCF15-A-4820
%) FA20-4830-AL21

FeZeE| 22
AC 220 V

(2b<) DC 54 V, 20 A
)DL 4B Y, 30 A

HAz72 A=EZL 109 cm °]2L
[a]
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(170 x 35 x 5) mm, 2 7}
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(14 ~ 41) cm

BLDL-4K30A2000 / MD& 3

2KkW (2 7]) /DC 48V
SGLP-G-048-120 / A]%A =6
40 V 120 Ah (2 Z0) / DC 48 V
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40 V 120 Ah (2 A1) / DC 48 V

&4 349 2 Az

577 §% 2 A%

5.1.9. 37
ek (gh<) FCF15-A-4820
(F<) FA20-4830-AL21
A ZA} FolZE|Z =Y
b A=EI AC 220 V
gYAY (¢+=) DC 54V, 20 A
(%) DC 48V, 30 A
5.2, 4FHAE
AlEzA
A=At AC 220 V
e 5% ol &
FA4F 92 % °]4

3-2

- 127 -



21-FACTMP-606

Algas
- FA AT 5 h 53 min

6. AgA|E Ma
 7ldlEe $442F9 #4575 FYHAZVE A2EFL 109 em 0|2
dduba] 0 Hakgo]d] Wedfl= Hoo|m 2HAIZLE 5 h 53 minY

7. NgHd
B AE48e FR71e448AT TEMNY 9% 2 A, A5z A2dy
TR wel 22 A7 7% AENEE L AAE AsAE 489

mouan L] A
WEL a o«

2oy ) 1l pe)
u@e )1'1?. %I"T

- 128 -



B A N-21-01232%
i S92 A5AY AAA
|1 a%9
. 7t 44 KT8
L}, AldA SE¥E 1 410-81-88992
- o F2 0 A9 FAT FHW 29w 1521
. g, 4% 1 pERE2E
2. NE BEY AFE
= 7b. 7139 ¢ F94A&7
B b, &AW KTA-WC1400
Sl A D AAA T,
) 2021 119 229
" — L~
il
I
|

- 129 -



= B

21-FACTMP-GOT

ANdEA A

- 130 -

7l F 4 $8A=7
Algwl & 21-FACTMP-607
g A o KTA-WC1400
8 A 94z2FY FA2E4
A4 A
5.1, =
1. Z]Alel =37
s o] 1 780 mm
- F 1 810 mm
%9 1 610 um
T 585 kg
5.1.2. AAAH
- HA 2 g3 410 mm
5.1.3. FH393A
- FEE A g4 e P29
et dgklo] 4
- WSy (d-FJ)5¢

- vl A {4
- 2 (54 2574 ) o 4]
5.1.5. F333
- AHR 9 T/ FiH=
TaAEy FH(F xR, HR ) (180 = 72) mm, 4971
FeAlE HA 20 800 mum
TR = FHA AHe 1 400 mm



5.1.6. AE %3
- R ARAERA
R
2} 5 nk4
5.1.7. Az%3
EEL
cAlzE & 72

-AzxE F AT

- Az
8%
o] AL (Aol xFEXFA), MF
g A
A z3go] =EEA
Azxo] ZEYY

5.1.8. AF7] 2 &4

- AF7] A49 92 Az
-AE7 Y R AF

- S5AA P4 € AzA
CHFAA 8% R S
5.1,9, 347

- 249

FE
TERD:
&Y A

5.2. AS¥IAHAIH

AL
Agww
AN ER&E
SRR

- F QAN

3-2

- 131 -

21-FACTMP-607

AApu o) 22
j=]

THEFHAH FHA 2AE

109 cm
=

2 7

LA (A1)

(170 =< 35 X 5) mm, 2 70
(#-$) 35 cm
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(14 ~ 41) cm

BLDL-4K30A2000 / MDZ %

2 kW (2 71) / DC 48 V
SGLP-G-048-120 / A} =)&)
40 V 120 Ah (2 70) / DC 48 V

(2+4:) FCF15-A-4820
(55) FAZ0-4830-AL21
FolTelgay

AC 220 V

($4) DC K4 V, 20 A
FE5)DC 48V, 30 A

oprBE
2.3 km/h

() 710 mm ($) 712 mm
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1 780 um
1 810 mm
1 610 mn
585 kg

410 mm
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-9 u}g) AFeEA o]
(Fa =34 ) e 4
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{180 > 72) mm,
800 mm

1 400 mm

494



5.1.6. #AF2A
F - A2 AF A

34

252
5.1.7. A|x3FA
. ;q]zl
-Azd F 7=
Az F
Az

4

o] AF(o|xExTA), AT

3] AN

Azgol ZAuA

Aol =HWS
5.1.8. %7 2 3
-AE7] BAE L Az
-A457 29 9 ¥
- 5A1A Z49 2 AzA
- 244 £% 9 Js
5.1.9. 47|
R

LA ZAL
i kit

EYAg

5.2. FYA¢
Ag=a
-AlExd
Al

« H IS Ew

21-FACTMP-608

Al 2HE
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(170 X 35 X 5) mm, 2 7}
(#-%) 35 cm

AFsdAY

(14 ~ 41) cm

BLDL-4K304A2000 / MD= 4
2kN (2 70) /DC48 YV
SGLP-G-048-120 / MI-AA &)
40 V 120 Ah (2 7}) / DC 48 V

(942) FCF15-A-4820
(F2) FAZ0-4830-AL21

x}ql E] =t a I:H
AC 220V

() DC 54V, 20 A
(<) DC 48V, 30 A

3-2

- 135 -



21-FACTHP-608

6. AEAE N8

o 2 7= 9325 T FHARVE A=FL 109 em o]
A AskAols, HAdss Fdo|n JaFgLers d £2 5.2 kn/h 9

7. NEEH
2 Agdye sdvledasAa RN 93 9 A, Asz: A2ge
wrAe wel gFst a7 AdgEE e AR 4AvAE 439

EETEITI | b |mumza L 2o
4ats )'Il 531‘_1_ ﬂ%‘éL a ¢

t

- 136 -



A M-21-01234%
SH71A A BAA
1. 4139
hoAY T

L AR FER¥E 410-81-88992
o, F& 0 A FA4L FF JFHE 15-21
g A5 0 eEIrys

2. A8 =9 AF

b, 71  §alx7)
L}, 1@-{4%‘ : KTA-WC1400

A e 9,

20214 1149 229

5716288 AG ol A g

- 137 -




AldE A A

1. 71 F % 8427
- 2. NEHE: 21-FACTHP-609
— 3. % 4 w3 KTA-WC1400
. 4. §  A: 93=3FY FH57%4
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21-FACTMP-609

LR HER
FHzFAY FHA AF

109 cm
)-;‘]‘;‘_
2 7

DAL (A2
(170 x 35 = 5) mm, 2 7}
(#-%) 35 cm
Ady
(14 ~ 41) em

BLDL-4K30A42000 / MD2

2kW (27]) /DC48Y
SGLP-G-048-120 / A=A A
40 V 120 Ah (2 7}) / DC 48 V

(<) FCF15-A-4820
(F=) FA20-4830-AL21
o ZE|Z2Y

AC 220 V

(24) DC 54 V, 20 A
(FZ)DC 48V, 30 A

Bl
25 cm
110 cm (Z% 20 cm)



21-FACIMP-609

A4
ANz BAYEE 16.2 min/10a

6. AEAF Aa
2 7lde 243239 £A5TF54 FYHARE AZZL 109 en o] 22
S-S kAol YAdsE foen] AdAz AASEL 16.2 min/10ag)

7. NgAH
B AEAAL sd71sA 489 TEAAY 9z 0 Agd, A5z A2ute
Al wet oAzt ade Agdye Hgste] AAE ASAY 479

Mypay L] Ao
Yz a ot

CUIEL | &
ey %.‘E"LT

3-3

- 140 -



A M-21-01235%

FH7A A AHA

1. 4139l
7b. A9 0 fad
L, AR 559 E 410-81-98992
o, 40 HAE F4AF F39 g9d=d 15-2
2, A5 R

2. MY §x9 AFE

7t 7189 94z
v, gAYy o KTA-WC1400

| CRE L
Aol W AsAE A4,

202141 119 224

57 SA LAY o) AHE e

- 141 -




e L D3 e

5

21-FACTMP-610

AldA A

%9
Agus:
4 4 o
g 4

FH Az
21-FACTMP-610
KTA-WC1400

44239 $45754

A 84

B.1. ==
5.1.1. 7]#¢ 37|

§.1.2, FAA4n
- H A A E 5

1.3, FEHAEHA
- FEE A g4

.1!

[ ]

1By
O'II

I-J_ul

=
Te

e
aF

P

5.1.4, Z%73

- 2P 4

- 2]

5.1.5. 943

Age FF

Rt o) A (F A,
- A= H= Ao

- EHIE FA A

=

1.6, AFHX

- 142 -

)24

)

1 780 mw
1 810 mm
L 610 mm
585 kg

410 mm

miLa s

(180 = 72) mm, 497
800 mm

1 400" mm



21-FACTMP-610
- 5 A2 A FZA

34 AR ol 34
Eu2 FAzFAYN FHA FF
5.1.7. Ax%
. EX 2 109 cm
- Alxg F 72 2 &
EA e B 2 7l
Al zg
54 A28 (FA12Hg)
o] F (P xExTA), ME (170 X 35 X 5) mm, 2 7l
i L (#-%) 35 em
Az o] 2w AsH
Azzo] =499 (14 ~ 41) cm
5.1.8. A&7 R 537
- AE7] FHE 2 AFA BLDL-4K30A2000 / MDE 4
- 7E7) 89 9 A 2KV (2 7)) /DC48 YV
- 272 FAG D Az SGLP-G-048-120 / A" =) &
- HH1A] §F R AT 40 V 120 Ah (2 70) / DC 48 V
5.1.9. 47
- gy ($h4:) FCF15-A-4820
(F%) FA20-4830-AL21
S EN! el ZE| 2Ry
- 99 3% AC 220 V
- E2YAY (¢<:) DC 54 V, 20 A

(B2)DC 48V, 30 A
5.2. AdAZ AYPLEE

AlgzEd
- EZEA
% €
EExo 25 cm
FEE 110 cm (2 20 cm)
ok:kE :
A EE 2.9 kn/h
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3. 3 4] 9§ KIA-NC1400
4. 8 A J3=2FY £45754
5. AlgA 3
5.1, =
5.1.1. 71419 =7
- dol 1 780 mm
B 1 810 mm
- E0] 1 610 mn
i 585 kg
5.1.2, A4
= B b B 410 mm
5.1.3. ¥ dd#3
FEe2 34 de x4
L A o] 2]

rE
i
L
+

(-3 )

5.1.4, =%

Z894 -1 vhq] AFFA 4
- A (F-H2F4A)E w2
5.1.5, 833

ARG FR 5k =

B Ee FH(ExEA, 532) (180 < 72) mm, 4970
AR FAEe 800 mm

CFEHlE F4 A 1 400 mm
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5.1.6. A=33

5 AR5 A

R LI

Azzo] 240
Azgol =2 FS
&7 W F4A
A ® A=A

34 A A B o] 4]
3544 FAEFAN FY4 4F
5.1.7. Alz=%3
A EE 109 cm
Alzg F 72 TR
Az F AF 2 A
A=
R AP (H A1)
do] AF (Pl xEXTA), /MF (170 x 35 X 5) mm, 2 7}

(#-%) 35 cm
AFHdY
(14 ~ 41) cm

BLDL-4K30A2000 / MDE &
2kW (2 70) /DC 48V

-SR] gAY 2 AZAL SGLP-G-048-120 / A4A A&
AR &% 2 A 40 V 120 Ah (2 7)) / DC 48 V
5.1.9. £#7]
- P4y (¢+2) FCF15-A-4820
(F<) FA20-4830-AL21
- A ZA} ol Ze] 229
- AHAY AC 220 V
- 28AY (2+4) DC 54V, 20 A
(F<)DC 48V, 30 A
5.2. 37430]
AdzA
CERAZA
Cal i
TEE 25 cm
F5Z H9-cm (ZE 20 cm)
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1 810 um
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410 mm

e T2
A4
(d-F)5e
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LA E (FHA2 )

(170 x 35 X 5) mm, 2 7
(2-£) 35 cm

AFHddy

(14 ~ 41) cm

BLDL-4K30A2000 / MD& %

2 kW (2 7}) / DC 48 V
SGLP-G-048-120 / A"}A A&
40 V 120 Ah (2 70) / DC 48 V

(gH<) FCF15-A-4820
F4) FA20-4830-AL21

= e

FEol ZE] =
AC 220 ¥

(&) DC 54V, 204
S4)DC 48V, 30 A

vy o]

8 cm
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CAEAE

6.17=
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» Aol 1 780 mm
E L 715 mm
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& B4R kg

O N W= 03 B2

hd
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6.2.1 FhA
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TS PO
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- Lo L 610 mm

- F 648 kg
6.2 4528
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AP S E(eke| A )
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a2 Ay HAFE o4 90o] 4 98.6

Trae-Negative (TN} L e A Trse-Positive (TP}
it okl = 0.5) 7 : . ! 9 Il >0.8) 8
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¢ ; £ lol) = 01.5) {it fol) = 151

< 3 99 A4 A2 Al A >

Y :20f9 ks
(& Y A [ QP-17-03B ] SRdEiss
Netass/ C22N920042~01-01-(00-00) ‘rfr,;i

- 159 -



paurIieosy  Tel: 041-580-B114 | Fax : 041-539-8120 | www, kitech, re. kr

¢ KITECH a#dc el Me7 gue o723 89

1. Alg=4
- A Y ARER ZEFE 9Y) 04 A"
- AE A4 SEOEE AlPEA

1) B7}71&
< Al Al -9 W) >
NG o9 B2 s
e » 75014 # 9 g4 28 £
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¢ KITECH 33d= tien Ms7 sy 2oi7|22 89

< H2EE F8 A% >

78 AN
714913 [mmvkg] 1,780 X 1,580 X 1,610 / 580
3 48 Vde / 2kW / 3,000rpm (2ea)
=g | Az 24 Vde / 0.JkW / 2,000rpm (2ea)
A% T+ Skm/hr - 8hro| %
24 2.5kmvhr - 16.2min/10a
ng | AA AT GPS + LiDar / F53%: LiDar
Ao}7) Aol | PC7It / CAN 2.0B
4] Al A Cam [13MPemos Image sensor
e PC7]¥t / CAN 2.0B

-2 99 A4 3
7tojiat (HICle obed)

| 3% e mopview |
[ a4 M2l ]
[ 2 59 014 |
T ]

<3 99 94 42 2 7& M= >

P age: 4 af 9 )13
e [ QP-17-038 ] 3

C22N920042-01-01-(00-00) B8s
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< T 99 UY FA FA AL

e Tt At
Sensor AR052] from ON Semiconductor
Resolution FHD (1920 = 1080)
Camera e 3
DFOV SMP - 140.5° (with the lens provided by e-con)
Focus Type | Fixed focus
CPU 6-core NVIDIA Cammel ARMENS.2 64 bit CPU 6 MB 12 + 4 MB L3
NVDIA Vaolta architecture with 384 NVIDIA CUDA® cores
GFU
Single PC and 48 Tensor cores -
gle PC board |- omory | 8 GB 128-bit LPDDRAx @ 512 GBis
Dimension 103 mm * 90.5 mm * 34,66 mm
Power 10-15 W (919 V)
- T 99y 3 AHxy
Cantrol|
0C Sv(2e hoe:.}
i ]
: Cameerin ‘i "',_:,,HH '
e L8 L]
.,‘tl e
P e .—.‘-_'1"."_'1"1"'“-““1 ;;;;;;
H " Motor | DC 24wy
DC 4827} | Dviver Sax I+ % ) E' o —1]
| i
{
< F AE HuF AT A2 Ao FAHAE =
7 = \ page: 5of 9
4 %\l [ QP-17-03B ]
o assd C22N920042-01-01-(00-00) e
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¢

H

< F 2E Y8 93 Az >

< 3 AE @ A A2 F2 A >
7 24
- CPU frequency : 84 MHz
- MCU operating voltage : 1.7 to 3.6 V
- GPIO pins ; 50

- ADC : 12-bit 16 channel
- 5 phase geared stepping motor (reduction 1:10, 0-180 rpm)

- Break function

Controller (STM32-Nucleo)

Motor (A200K-M599-GB10)
- Max. torque : 200kgfem

- Rated current : 1.4 A/Phase o
- Bipolar constant current pentagon drive Lype
Motor driver (MD3-HD14) - 20-35 DC power voltage

- Max, driving voltage : 1.4A/Phase (3A)
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- R AolE o83l Ax2EE F5 A2 £ 3 A 2] B 10 fips F=E FYH
A em(Fd7] 960%540 pixels), ©] & AW He 3 AEFYL 53 F 147 AEL
Mol AR

- A#gd =Hcle] s &, - 160x160 270 AE B AHE 914 HAIYE o] fslo gl
A&E Aslzlon, ojm g4aEe A Hod HxYdy} HaE Foe HAyA
& Hla&}0, loU (intersection of union) > 0.5 o4& 7]&C2 confusion matrix& 2%
F B A3 (classification accuracy)E | 4Ha}9l &

- Confusion matrix 2t2t2] 852 TP (true-positive), TN (true-negarive), FP (false-positive),
FN(false-negative)2| ™, o|o] TP HHEFtarget class) & A3 o148 25, TN %
o] BFE 7o) ddEe FHE FEHS) YT A, FPE SERFE UE BFE ¢
A% A, INE BE 9| 178 BHYE 48 A9 £§ e

- AAAY F A2 f9 4FEE AR A €8 F A7) olgd FAEE AFée A
o gt HE&R Adeigon, F 53] vhE Ay WFE Augt

ol W
Area of Intersection o AN FE N
tou - Amufi.lrﬂun o | m_ m P
< loU metric > < Confusion matrix >
A & (R R ARE), %= IEt 2N i

TP+ TN+ FP+FN
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< Confusion matrix >

Prediction
NG) P(+)
N(-) TN = 571 FP = 8
Real
P(+) FN = 5 TP = 130
TP+ TN
o Ael & E  Jo=
1A & (ERARE) %= o ppr v < 1
130+571
= T+ S+aTE =81
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< Confusion matrix >

Prediction
NG) k)
NG) TN = 493 TR
Real
P(+) FN = 19 TP = 116
' - TP+ TN
A & (R A RE), o= e < 100
_ 1164493
= 116+493+86+19 100
= B5.2
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T THAE
Sensor AR0521 from ON Semiconductor
Ciiia Resolution | FHD (1920 = 1080)
DFOV SMP - 140.5° (with the lens provided by e-con)
Focus Type | Fixed focus
CPU 6-core NVIDIA Cammel ARMENVS2 64 bit CPU 6 MB 12 + 4 MB [3
G NVDIA Volta architecture with 384 NVIDIA CUDA® cores
PU
Single PC board s Tcns.ur —
Memory 8 GB 128-bit LPDDR4x @ 51.2 GB/s
Dimension 103 mm * 90.5 mm * 34.66 mm
Power 10-15 W (9~19 V)

A% 9 9 =4

- AEE A 8364 588 4E AMEEE 94 T U 13 45 23 Ay FU¢ 10
fps 58 FY=Aov)(FE7] 640480 pixels, F Ee&lY 4 2625), o] F AUdYd
B 3 AEHE T8 F 3577 AFEE Aol A%

- =3k Zegle] g #, & 160x160 278 FEHA(F2F AolE fT #AHYY) &
a3, d&A o R §l¥sla] JYe§ st el &E Add

- gRlA &L AfHe| AHojEl Exgest ZFd 999 HIAEE vimE, IoU
(intersection of union) > 0.5 ©|4& 7|F22 confusion marix® 2% F 7 FE=
(classification accuracy)2 A4t

- Confusion matrix Z}Z}H2] 52 TP (true-positive), TN (true-negarive), FP (false-positive),
FN(false-negative)e]™, o]t TPE EHY-F(larget class)E A3 A2gF A% TN Ei
2] 558 Ztzo| #gshe SRE AEE A4% A, FPe SXHHFE & FHE 9
2% 49, NS B3 & F7&F SREN2 Q4% 399 57 Jeid

< loU metric > < Confusion matrix >

TP+ TN
o)A k-1 =
WA & RERARE), %= mr o e < 100
i Y P2k [ QP-17-03B | B¥4TES
Neraes/ C22N920007-01-01-(00-00) [SESES
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True-Positive (TP)
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- 173 -

Prediction
N(-) P(+)
N(-) TN = 493 FP = 86
Real
P(+) FN = 19 TP = 116
TP+ TN
o] & M= 1
QAT BEE) %= e v < 100
116+493
= 1161493186519 0
= 85.2
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Abstract: Machine vision with deep leaming = a promising type of automatic visual perasplion
for detecting and segmenting, an object effectively; however, the scarcity of labelled datasels in
agnicultural fields prevents the application of deep leaming to agriculture. For this reason, this
shudy proposes weakdy supervisad aop area sepmentation (WSCAS) Lo identify the uncut aop
arca efficiently for path puidance, Weakly supervised leaming has advantage for training, models
because it entaiks bess laboriows annctation. The proposed method trains the dassification modd
using area-specific images so hat the target area can be segmentad from the input image based on
implicitly learmed localization, This way makes the model implemantation easy even with a small
datascake. The performance of the proposed method was evaluated using reconded video frames thal
were then compared with previous deep-learming -based segmentation methiods. The results showed
that the proposed method can be conducted with the lowest inference time and that the crop area can
be localzed with an intersection over union of approsdmately 084 Additionally, the uncut aop edge
could be detectod for practical use based on the scementation resulls with post-image processing
such as with a Canny edge detector and Hough transformation. The proposed method showed the
significant ability of using automatic perception inagricultural navigation to infer the crop arca with
reabtime kevel speed and have lecalization comparable to exsting, semantic sepmentation nethods,
Ttis expected that our method will be used asessential tool for the automatic path guidance system
of acombire harvester

Keywords: combine harvesler; weakly supervisad; semantic segmentation; unoul crop edge; path
suidance

1. Introduction

Machine vision is an attractive technology that is widely used to perceive local envi-
ronments forautonomous navigation inagriculture. 1t has several advantages compared
to CPS-based navigation in that it can provide local guidance in real time without ana
prior map of the target area and easily integrate other essential features such as obstacle
avoidance [1]. Evenif the machine 1s not fully automated, visual perception can assist the
operator by reducing, the fatigue that comes with performing tedious and monotonous
visual tasks. Tor example, the combine harvester, which has made a huge contribution to
improving agricultural productivity [2], is used for harvesting field arops, and the operator
has to constantly observe uncut aop edges o determine the path and control steering [3,4].

Sopars A1, 2, 4801 hitpss//dotong, 10,3380/ 521 144801
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Abstract

Thiis stucly aims to evaluate the parfamance of an elecnic multipupose cultivator through
a simulation analysis. The simulation model was developed using commerntial software,
Simudation X, by applying the spedifications of certain parts, such as an eledric moton, a
battery, and soon. The input parameter of the simulaton was the engine koad da@ according
o the rotary tillage level using a comventional multipurpose cultivator. The data were
collected by configuning a load measuremernt system, and the load cyde was devietoped by
repeating the data collection process under the most severe conditions. The average oufput
engine tormue values of conventional muti-purpose culdvator wiere 10.7, 130, 94, and 112
M in the DLPL, DIPZ, D2PL, and D2F2 conditions, respectively. As a result of the amulation,
the maximum values of the motor toroue, rotational speed, and power of the electric mult-
purpose cubivator weers 168 Rm, 2,083.3 rpm, and 3.3 KW, respedively, and the motor was
drivenin sections within 70, 68, and 4% of the maximum oufput range. The @te of deaease
of the battery state of charge (S00) level per minute was approsdmately 0656, and it was

an electric motirpurpose cultiaor possible o supply dectric pover to the motor for 3550 sec. In the future study, research
mﬁg{ e mﬁﬂ? o verify and improve simulation madels of electric multi-pumpose cultivators should be
ttpes itk o LT kipes XRLOCRT concduded.
Recgived: Octoher 13, 2021 Keywords: electric multi-purpose cultivator, rotary tillage, simulation model,
Revised: MNowerber 24, 2021 workload cycle
Accepted: Nowmber 29 2001
Copyright: © 2021 Korean Jourral of .
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Solid-State LiDAR 7|4t & =S¥ & XIEFH 2229
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Real-time¢ Path Planning Algorithm based on Ridge Detection
for Solid-State LiDAR=bhased Autonomous Agricultural Robot

s u® o : o ol
o2 @ o) A8 g gy 28 o o5 ze0

{Seungboom Back!, Bongsang Kim', Jacwook thz" and Heechiang Moo
Uncustrial Comerpence Inferdepnrtmental Program Autonomeos VehsckeIntellimnt Robotics, The Geoduwate Sehood of Hengik University
Mechanical & Ssatem Dogen Enpinooring, Honpik University

Alstrsct: Autonomious robos drving magneuloral environmenes heed o aeae accurate poues o prevent daraginge fmiand. Heran, a
real-time prath plannimg algorithim basad onrid ge detection using the Lives Mid 0 LIDAR s propesed. The tield has a sioep slope betwoen
the firrow and the ndge, and we find data comesponding o this slepe fiom the bdar dara, Using two Mid70 LIDARs, we colloct the ket
and nghit skope data and linearty Gt the skope datavang the RANSAC alzonthm. Finally, thednving moute 1s obtaimed from the average ol
the tweo straight ines, To verify the al ponithin, the seering angle necded 1o tollow the drving path was calculated, and an autonomous
drving westwas conducted i the el feld environments itwas chsenvod that the rebordione stebly, Addinonal wsts will be conductsd
i more nugeed termin,

RKoywonk: agncutiral sobotes, Autonomas divirg, SoldeStaie LIDAR, local path planning
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Real-time Path Planning Algorithm based on Ridge Detection
for Solid=State LiDAR=based Autonomous Agricultural Robot

W2 ul® ol ol 7 28 2 5 28
{Seungheom Back', Bongsang Kim', Jaewook Lee', and Hoechang Moor™)

'nchstrial Comenpence Tnterdepantmental Program Autenomeas VebickeTnelligent Beboties. The Craduate Scelood of Hongik University

Maclenical & Swstem Diogpn Enpnoerimgs Bongtk Universiy

Absiract: Auonomousrobos drving m agneulorl envionmens need o create accumie roes 1o prevent darmaging Sk, Herein, a
real=time path plannimg algonithe based on ndge detectionusing the Livox Mid 70 LIDAR & proposed. The fiekd hes a sioep slope between
thie fiaprow andd the ndge, and we find data comesponding o this slope fiom the tdar daa, Using two Mid 70 LiIDARs, we colbact the lefi
and nght skope data and irearty it the skope data vang the RANSAC alzorthm. Finally, thedmving mute is obtamed ffom the averge of
the wostraight lines. To venty the alponthm, the seenng angle neaded o follow the driving path was calculaed, and an autonomos
driving estwas conducted inthe actal Biekd envireoment: it was chsenvod that the robotdrove siably. Addinonal teses wall be conductad

i move rugeed fermain

Kevwonks: agnculural moboies, Autonoras doving, Solidkstate LIDAR, beal poth plarming
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Abstract: Permanent magnet synchronous machines (PMShs) with an overhang structure can
increase power dersity by compersating for the inarsesed magpebic energy of permanent magnets.
Toaralvae the overharg, strucure, att uwd mersional (30 analysis of l"IvI:-sMs i essenlial, However,
Aranalysis Lakesa long time and the modeling process is complicated in the initial design stage. To
overcome these problens, a magnetic equivakent circuit techniquie is appliod to the 20 model. In this
paper an optimal design method for PVSMs with anoverhang strudure is proposed based on the
semi 30 magnedic equivalent drouit (MEC) and random walk methed. By using semi 3D MEC, itis
possible lo quickly analvze PMSV and ebtain accurate dedromagnetic analvsis resulls considering
the overbang effect. Moreover, the volumeand weight of TVEM can be minimized by optimizing the
otor's four design paramelers using a random walk algonthin To oblain high effidency, the objective
funclion s sehoded so thatcopper los is mirimizoed under te same constraings, The validity of the
proposed design bechnquie & verified by comparing the analyses results of semi 30 MEC and 30
finite elernent miethod for the derived optimal model

Keywords: optimization techniques; semi 3D magnetic equivalent aruit; design method s overbang
structure; random walk algorithnes; permanent magnet synchronous motor

1. Introduction

Permanent magnet synchronous motors (PMSMs) with high energy density canim-
prove system performance with high efficiency and high power density. To compensate for
lea kageﬂu}. such as the fnnzgmb s effect and achieve high power density, an overhang design
technique in which the rotor is designed to be relatively thicker than the thickness of the
stator that is applied to PMSM. The threesdimensional (39 finite element method (FEM) is
cssential to analyze the overhang structure, The 3DTEM has weliable analysis nesults but
requires a lot of analwu time. Therefore, in the initial design and optimal de‘ig1 of PMEM
with numerous design variables, analysis using FEM i time-consuming and insufficient to
obtain msight between design variables and performancae,

To efficiently design PMSM to solve these problems, it is necessary o study accurate
and fast analysis tochniques. Various studies on the electromagnetic anal}fsls of PMSM
with an overhang structure have been conducted [1-3}

Two methods are mainly applied to the electromagnetic analysis of the overhang,
structure: 3D ITM and magnetic equivalent circuit (MEC). Although the MEC is less
accurate than the 30 FEM, it can obtain numerous results over a short period through fast
analysis, With these advantages, electromagnetic analysis can be quickly performed in the
initial design process,

Erwrgies 2002, 15, 7862 hittpss/fdotonz 103390/ enl 5217852
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Analysis of Traction Performance for the Electric All=-Wheel=Drive
Tractor

Seung-Yun Baek', Yong-Joo Kim"**

'Department of Smart Agriculture Systems, Chungnam National University, Daejeon,
Eepublic of Korea

“Derartment of Biosystems Machinery [ngineering, Chungnam National University,
Daejeon, Republic of Korea

+Correspondence: Yong-Joo Kim(habina@onu.ac kr)

Abetract

Thiz study aimed 1o desien and develop an electric all=wheel=drive (AWD) tractor and Lo evaluale
ils Iracltion performance based on the power Iransmis=ion (dectic molor, helical grar reducer,
planetary pear reducer, and wheels) and eleciric (batlary pack and chargine unil) systams. The
load measurement syslem conslslad of analop (cument) and digital (ballery vollape and rolational
specd of the dectric molor) components measured using a controller area network bus, Traction
lest was perfommed with a raction parformance est devices The cutput lomue of the motor during,
lraction lest s calculated using the current and torque carves provided by the company. The
apricultural work performance was verified by comparing the torue and rpm curve of the motor
with the reduction ratio applied. Traction was calculated using larque and specificalions of the
wheal, and traction perfonmmance was evalualed using tractive efficdency and dynamic ratio. The
clectric motor protected ilsdf from damage by limiting oulput when slip ccourred. These results
anppesl hal companng the conventional raclor with the electric AWD actlor in lemms of
apncultural performance and raction performance can eucidate the direction in which effors
should be made (o mprove the dectric drive svslam inapricullure,

Kevwords
Electric AWD tractor, Tracton performance, Traction test, Load measurement system
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Weakly Supervised Soy bean detection for Weeding robot
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Abstract

This study was conducted to develop a weeding
robot in upland. a major ficld culuvation crop mn
Korea. Imapes were collected in top view while
traveling along the ridee, and a deep learning model
was used to detect sovbean from the background
incloding  seil, weed, etc. within the collected
images. Weakly supervised learning was used to
detect the sovbean arca i the image that can infer
the tarcet area wmphcitly with just classification
tramming. thus, it bas advantage for training models
with less laborious annotation. In the test stage,
sovbean area was detectad for each part of the entire
mmage. The results show that, the loss was saturated
after 100 erations, and the inference time was
20fps that ¢an detect the target sovbean area i real
time, The accuracy of sovbean classification was
found to be about 9% or more, Our approach shows
high recopnition rates 1n maost areas, so it 1s good to
be mounted on an unmanned weeding  robot;
however, further research is required on the partial
accuracy deeradation caused by distortion of real=
time collected images and lack of reliability of some
data.
Kevwords: Weakly supervised learning, CAM, Soy
Bean, Weeding Robot, Deep learning

1. Introduction

Aprcultural  obois are bemg  rescarched  and
developed for various tasks. In particular. weed removal
during Agricultural works takes a kot of Tabor and have to
done repeatcdly, so the introduction of Unmanned work s
expected o bave a high positive effect. For unmanned
weading work, 1t 1s most important © distingnish between
crops and weads, and fast and effective image recognition
15 required. Therefore, this study developed an weeding
wbot 1sing a Weakly Supervisad learming moded that
factlitares domain inference with little information: and
enables detection and learning with simple classification
annotation for accuracy and spead of detecton,

2, Materials and Methods

2.1 Collecting Image Data

Tmwage data were collected in Ginye-si, Jeollabuk-do,
Republic of lorea. ming a real-tme data collecnion device
(Figure 1), The main specifications of the data collection
device wore GPU-based Jetson boands (NX Xavier,
NVIDIA, USA) for mage leaming for cmbedded
computers, and e=CAMs (e-Con Systems, USA) for
cameras with a maxamum resolution of 13,0 MP and
capable of image collection at speeds ol 20010 120 ths, The
collected video was extracted based on a certan frame,
divided 10t0 a crop area and other areas, and wsed for

o

learming.
Figure 1. Collection device stricture for image data
collection
Case
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2.2, Weakly Supervised learning-hased arca detection

In the case of object detection, since classes of objects
miist be classified and even location information must be
detected, data contamming detection targets mwst be
separatehy configured for leaming, However, in the case of
crop arca detection, it is difficult to acauratdy pdee due
to the complex shape or ambiguous boundary with the
surroundings. Therefore, in this study, Weak vy Supervisad
leaming method that enables obpact detection only with the
presence or absence of an object inan mmage was used, and
the model stiucture can be seen in Figure 2. The final
feature map  information  from the Conv-filter was
connected to the Global Average Pooling (GAT) 1o leam
the importance of each feature map and visualzed through
the CAM, Among the configuration of the leaming
parameters, Cross-Entropy was used as the loss function,
Adam Optimizer was used as the optimizer. and 12
regilarization was used o prevent overfiting while
leaming 300 dmes at a leaming raie of 0.001.

Frgure 2. Structure of Crop Area Rocogmuon Model
Based on Ring Map Learning

2.3, Performance Evaluation

In the case of raining data. it 1s important that all crops
1n the image are detected becanse the propormon of data m
the background area 1s higher than that of the crop area.
Precision and Recall are representative methods mainky
wsed wihen the proportion of data 15 unhalanced, In this
study, the detection of the area of the crop at the time of
repetition of leammg was evaluated using the Accuracy
arx] Recall, In addition, fhe detection performance of the

- 05-9-06 -
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crop area was evaluated by contnuously inputting the
images collected inreal time as shown m Figure 3.

5 i

Frgure 3, Vismlize Sov Bean Arca Recognition Results
of Contirous Image Inputs

3. Results and Discussion

3.1, Results

Inn the leamang of the Soy bean arca detoction model.
the foss pradually decreased according wo repettion! Figure
Aa), through which it was possible to classify the sovbean
and surreunchng areas, As a result of evaluating Sov bean
arca detecuion using the RecalliPizee 4bd, the level was
{imally 085,

o kle el bl
. W lrlm\. T ]
]r. Resil

f

Bl

amarcoey

% L
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T Vpssh

() Arcarary md low &} Recall

Frgwee 4. Losses and Accuraey and Reproducibility of
Repeated Learning

The Sov bean arca was recognized m real tme through
Weakly Supervised leaming and CAM information, and
the real-time collected mrages were contimuously input
through hightening of the economic recognition madel to
count frame per second () processed from 1mage input
to completion of Soy bean area detection.(Iigure 5)
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Figure 5, Performance of lightweight and optimized
models

4. Conclusions

In this study, crop areas were recogniand ising Soy
bean fiekd images measured m real-time fickks and most
of the arcas were smwoothly recognizad and mounted on a
lerbicide o show practical applicability, but in sonw
cases, accuracy was degraded due to lack of wehiabality of
data fabels, In addition, in the case of the image vsed for
learning, it was confirmed that the detection accuracy wis
poor when the growth of sovbeans and weeds was
progressed o some extent because it was composad of
only soybeans in the carly stage of growth. In the futae, it
is judzed that defection performance can be oplinuzed by
learming various distributions of image data, and 1t 1s
necessary to develop technologies o expand FOV and
improve absolute posttion prediction accuracy over fime.
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