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i i ON : BAT(-)
A Qx| el=d oflF AL 5mA 0|5}
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EI| ALK 5mA 0|5}
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) 0 ~ 20Khz Of
7t2E = AE S[™ MA pulse &
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MAUTAIE 2T OfFHTEE HST M5 AES I8l MAHTES 250n AHBIYD
W7 5 £7 2 A5, 2F olzae] 2 x5 sl AnE oot 28
- WRAS "t

<Uj7 M/¥ && H|1(3,000rpm, F= 50 CT7|&)>

AFEFZ T e itk (R7)

T (kgf/cm?) 2535} 150 180 210 240
A A 95.6% 94.0% 92.5% 91.2% 89.1%

2%
Hre = 94.0% 92.3% 91.0% 89.6% 87.7%

gs
B 52k -1.6% —1.7% -1.5% -1.6% —1.4%
A A 70.4% 73.5% 75.6% 77.4% 78.0%

7| A
Hre = 72.5% 75.4% 76.9% 79.1% 81.6%

gs
B 52t 2.1% 1.9% 1.3% 1.7% 3.6%
WA N 67.3% 69.1% 69.9% 70.6% 69.5%
H=s Hre = 68.2% 69.6% 70.0% 70.9% 71.5%
52k 0.9% 0.5% 0.1% 0.3% 2.0%
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OPERATING VOLTAGE : 9~18V
OPERATING TEMPERATURE : -20~80TC
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CAN : CAN 2.0B SAE-J1939 250kbps, 2CH
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M EFEH0

.lllug.. n!.“ .u
BRI S Sl e | Deasaa  (Oparanag isls sesge
1 THEER UE Q=1 0:OFF/ 10N
2 fo 7 e - o IHER 100%
3 i Eoan i i 1000 | IS EE 0% (BT
4 1~8 Hug= gait 0~255 O-100
5 1~8 =ug= 2oit 0~255 0-100
M3 U thit 0=1 0UOFF/ 1 Ms
2 CEEES 1bit 0«1 0:OFF /1B
3 R0 1hit 0=1 0:OFF/1:0N
& 4 EHER 1bit D=1 0:0OFF/1:0N
5 YEEE 1bit 0=1 0:OFF/1:0N
6 o liERG 1hit D=1 0-OFF/1-0ON
T SEESX AN 1bit 0-1 0 OFF/ 10N
8 THAERY Toit 0=1 0:0FF/1-0N

~
S

2 (ON Request

44

ZtX|of CHEF CAN Z2EZE A (J1939 7|F)

23 HX PSS A% Y +F, UK 91X 52 AYSE CAN TEES T4

e o o= T Tlea T&, & T o= (=} [ = (=]
PG Description SPN Description EDP itipacket | Transmission Rate | PG Data Length | Default Priority

ICSL 1.1 Message containing type and serial number for every|Type of Frontal Collision Sensor 1. 0 Yes [On request Variable &

ICSI .5 Message containing type and serial number for every|Type of Frontal Collision Sensor 2. 0 Yes [On request Variable 7

ICSI 1 Message containing type and serial number for every |Type of Frontal Collision Sensor 3. 0 Yes IOn request Variable

CSI 5 [Message cont: type and serial number for every Type of Frontal Collision Sensor 4. 0 Yes IOn request Variable 7

ICSI 1 Message containing type and serial number for every|Type of Side Collision Sensor Front - Left. 0 Yes [On request Variable 7

ICSI 5 Message containing type and serial number for every|Type of ion Sensor Mid Front - Left. 0 Yes [On request Variable 7

ICSI 1 serial number for every|Type of Sensor Mid Rear - Left. 0 Yes IOn request Variable 1

Collision Sensor  |CS1 5 serial number for every Type o Sensor Rear - Left. 0 Yes |On request Variable 7

64792 Infotimaitn CSI 1 serial number for every [Type of sion Sensor Front - Right. 0 Yes [On request Variable 7

ICSI .5 serial number for every|Type of Side Collision Sensor Mid Front - Right. 0 Yes [On reguest Variable 7

ICSI 6.1 serial number for every|Type of Side Col Sensor Mid Rear - Right. 1] Yes IOn request Variable

CSI 6.5 serial number for every |Type of Side Collision Sensor Rear - Right. 0 Yes On request Variable 7

ICSI 7.1 serial number for every|Type of Rear Collision Sensor 1. 0 Yes [On request Variable 7

ICSI 7.5 Message containing type and serial number for every|Type of Rear Collision Sensor 2. 0 Yes On request Variable 7

ICSI 8.1 Message containing type and serial number for every|Type of Rear Collision Sensor 3. 0 Yes IOn reguest Variable 7

ICSI 8.5 Message containing type and serial number for every|Type of Rear Collision Sensor 4. 0 Yes [On request Variable 7

ICSI 1 Message containing type and serial number for every|Type of Rollover Sensor. 0 Yes [On request Variable 7

61487 | Advanced Emergency |AEBS1 1 |Advanced Emergency Braking System message 1 |Current operational state of forward collision 0 No Every 50ms an 8 3

System IAEBST £ |Advanced Emergency Braking System message 1 To implement different HMI (human machine 0 No Every 50ms anc 8 3

|AEBST 1 |Advanced Emergency Braking System message 1 Indication if the advanced emergency braking 0 No Every 50ms anc 8 3

IAEBST A |Advanced Emergency Braking System message 1 Probabilty if monitored relevant object might start | 0 No Every 50ms an 8 3

|AEBST |Advanced Emergency Braking System message 1 [The time to collision is the duration after which 0 No Every 50ms an 8 3

|AEBST 1 |Advanced Emergency Braking System message 1 Current operational state of road departure 0 No Every 50ms anc 8 3

2 DUEE § =
= ?let 7|Ef Z2EE

| e Message Definition
Name Bit signal Name ,,""’.,‘;. Data Range Operating Data Range
1=5 40 Latitude 40 bit 0 ~ 10990511627773 00000001
&~7 16 Speed 16 bit 0~ 25000 0.01
] 8 Fix Pasition 8 bit 0=~3
1-5 40 Longitude 40 bit 0 ~ 10990511627775 0.0000001
o B=-7 16 Heading 16 bit 0~ 35990 oo
8 8 Satelites Lised 8 bit 0~3
1~2 16 Rall 16 bit -18000 = 18000 001
3-4 16 Pitch 16 bit -18000 ~ 18000 0.01
5-6 16 Yaw 16 bt -18000 - 18000 01
8 Reserved 8 bit
8 8 Alive Count 8 bit @~ 255
A A 1 1~-3 BB ME AD Bhit 2-10 1 min/bit to 10 min)
- 5 3 B2 AE ON 1hit 01 0 Default, 1: Remote Start ON
4 BE LE OFF 1hit G-1 ( Default, 1: Remaote Start OFF
AnpE7] 1 SMEK Ackrowledge 1Eit 0~1 O Default, 1: Acknowledge
= 2 7 User Authorizstion 1Bit 0-1 O Default, 1 User Authorization
8 Remote Start 1Bit 0-1 O Remoie OFF, 1: Remote ON
- LIES 1 1 Y EED O 18it [ 0.0FF/1.0N
2 1-8 CNT Bbit 0-255 MAML|T 15122
1~2 Y =2 18bit 0~2500 1 kg/bit
3 1-8 HALDE R Bhit 0~255 1 kgis
4 1-8 GRID _NUM Bbit 0=100 Fnum
- 1 £
"'“;w;':ﬂﬂ B 1-8 TP IE BT Bbit 0-255 1 kg/m
3 18 CNT Bhit 0~255 WAIT|D «1 FI2E
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1. CAN sS4l o3y A3 & 7|2 A& dlole 2F A3

Message. Message Definition
Cydic
Name (‘[';:;ID PGN Time Byte Bit Signal Name Iengt Data Range Operating Data Range
o| ms 5 = v, &
12 04O} 213} CAN O 2bit 0~3
34 2bit 0~3
"
56 H7| 23 CAN A3 2bit 0~3
78 ISR AN W 2hit 0~3
12 SHKHA A 2bit 0~3
34 W 2bit 0~3
ojoj32
2
56 FEHTHM O 2bit 0-~3 1000 Ol &)
11: NOT USED
78 SHZHEN O 2hit 0-3
12 BEA o3 2bit 0~3 10- 052 V04D
11: NOT USED
OSXs| =X o= '."
o
2 Xl-g S o=/ — b | =
Message Message Definition
CAN ID " " Length . "
Name e Bit nal Name i Data Range Operating Data Range
Hex Byt . - Sigi - ww‘ ng = perating gy .
1bit 0~ O:0FF, 1:ON
. 2 1hit 0~1 0:OFF, '1:ON
3 1bit o~ 0:OFF, 1:0N
4 1bit c 0:0FF, 1:0ON
1 1bit o 0:0FF, 1:0ON
2 1bit 0~1 D.OFF, 1.0N
3 1bit [ 0:0OFF, 1:0N
2 4 1bit [} 0:OFF, 1:0N
| ETE HOZ)| 0x718 FF14 20 5 1hit o 0:OFF, 1:0N
[ 1bit 0~1 0 :OFF, 1:0N
7 1hit 0~ D OFF, 1:0N
0:ANH=S
iz o
3 3 Saps Abit 0-~15 I=2c0e
e ; N Mszcoie
IsZE0e
5 METES
& & 0~65535 VERSION : 25101

- 130 -



Il

I+
Ar
!
ok
o

ol
0/0

1o

I+

47|.

i
(=]

oK

)
ol
)

0lo

1o

7hH &

T

7t 7t

=
—

EX| =AHo| w

o, 2=

5]

14 5to{of

100

Zatol &

a1
Ls

KEM|ZF

xtgo| 22l
U A

&0l

I

H
—

dl

M

HIH M

=

<O F QAUAAAE TlOlES FIb>

ZEA

ol 7HMst7] ¢ls

ol

-
110

=
10

- 131



M
S

7 HH E3= T

CE=xE

ol O uu &3 o
o ™~ H No= <
-1 —_— R > O
ol < ok M R i
ok KI = a0
K " o< O -
= il = I <
ol ! o xR W
" ____oo_*. or %0 oK o
S A I+ noa o
ER 40 _— R
70 W o gl H T o
A K1 1o o o ji[S
RUCIEL! to oo 40
ﬂ > mm oo m ~o®
_“_ A__._._ _|_ |n_u. = o [m] -
o L + oK N 5 B
F ™ H 0 D_x -
H B N = 4 W K 53
i < ARG AL i H
D o & 0 KR %
T =] Koo o oo Kl
o ; _n__ o
- 2o O W= qo 4 & =
s u o na m_ﬂ T oo o 7 5 o
ol R oz N 0 T ge = o 2
K T i - Mo oo <0 __ o AJM ol
H o Mo o o K I g Al 31
v & 0 ml X m._.e H m._ro o o
o oo M - o K 3l olog Mo
[~ _ o oz o 0ot T
D Bl 4 — 110 o
= = ' m = % O io
T = M < V2= K
! = L 0 S =0 A
no 8% ° a0 Hoyr oo TR
PE oo Wy P als g
oK O_H H_OI L._._._ |.A..=._ - M _A_I o _._._._o 3
_AT T w i A._ﬁ O_ O_u._._ - .
i = ® T M & W S ow
ol ou " o T K- S 3l m__m ol
K1 ol mu RE Bl 4 % m_u.r—_ = I o = 5
H o= 5 W K K =TT R >

- 132 -



160

o

110

I+

| % =}

EN

| B ol

K
no

E
=

Lot
E=2=

.ﬂ _
= ™~
™ o
ol <
W ~
~ N
Klo M~
R _
A S
.ﬂ _
3 5
0

" T o <0 =
KR A 0 =

@T7to M= HMutolA BRI EX] gk

ol
ar
o/
ojr

<l

o
Ar
]

0l

=X

o=z Zxl sjeo| A0y

A
A}

1o

2x2 ZoiFofsty| e

ALOALOIE T L SHA

S

M=

.I

Sl

o
-+

Hr

o/
il

__o_|

- 133 -



=Ll

taE ariig

<g X/t Oo|Ex| CAD data ME&>

Sxlu 022 CAD HlolEl Mgslo 2% Zx| wj st Ix| ujAd AHEY A,

A H




W
K o
S o
LI
4 o
5o ] sl My
z £ S - Lo < 0l
s Hio mﬂm o S -
e 3 il ™ © - m._
K 1o < B S ool

0 < | o Ho o
ot =1 -

X _.A._ ha © (@] [s) =.__=._
0

D & = 0
- " 0 -

] = | o ~N =
rs) sy — | K| = 33 Kl
& o lele ™" m
Mm - = _ N| E|E e L
= % w0 <R« - |- i
s . K i R~ = A
u K [ELl < ar nx.__. -

o 0 = o r K
B ° o0 = o) K
VY o o | K& ERE:

” D I o o] 7 g © 7 =
Pl o Tl R _ N o _-
T T . o < ol | X0 _Urm
T T I+ K| X _ N
TR A o 7| o o | o o o
R Wt il T % ~ 2
o o K a0 w2 < -
o, o o KT = = _ s T
G 10 H o e " " % o] wa o

ol X = U i < ALl a | MRy a3 5
I ° e w3 K wo | o N N < .
—< o O_._._ _l._ﬂ _u_x _I_H_ = o .mu _ _”_u_
SO = w I o TR s o
o 10 = X0 o 100 il _._|_ = | K L v B3
> ww <0 " ® ST El 0 T B

+ < = m IwE
— W ol K E — Kl

N ol :M_ _Wa J_m__ w0 ._M

U T T AT

__o_”_ = OT 110

<z = miy

< o =z

b.

- 135 -



R Ab2E A2

1

—

— O

T o) BE o T B E]
ml o ol D HH u_w N wm ol o
% oK uAn H_T oK I_I__I ﬂﬁ Ao mm m_._._._ m_._m E e _A.___o
[N RS- [ [ A gl 2w B N UEm R
jif =T ..m__._ o jif o= ilil jifg IA_._._ I+ =) T i T ol ™ W:uﬁ_ :
= ol g} — ol za ol =f Pl — |_._m T = + iy olm
= o <0 " Q w5 ol W < "l o3
K Kl S i w3 O W oy = i
< Hi T _ do W
< = o]
N TIm S 7 Kl o
=y > 3 ol 1o = S |l
MR o | 2| | O O O R T VIR B
ol | — Tl < | o» % o4 S| bl M - .ﬂ G O o3 ._Arm 1 —
un} < ™ < un | o o o T = = = mM H K |_.__u_ o 5 od
. % o Eh Rl g o H Ko KT gr
Cy Hin i % Bl &R0 B
= 3 = R S @ nn g X oo
[l < < o _..._, _ 3 m__m m___ ururM m .|x_._m
© o0, i i B OBnoiu o3 op
w33 S w222 w83 S| < O R o— W0 fH o W
_._.__._._ o o] » |r_._._ e ™ o =S K | _A_n ==
' | & | ® wl | © | = | < i S i U] ol S o ° FOT = o
= =) o ELl Rl oOF = o R’ H X
w i U 855 2 W o]
= ool Kb o W0
= =0 mm &l 0 o_._r .. |_.__._.u < ol
“ . | ol O O ol < o= w2 3
®Sg| S 02| e wglgell TrzUawicy s
Wi s |32 W) S| @ o WS g2 g ¥ ks & ogod K
U 6| o | o Rl| < |©|w | o ||| B0 o M Ha gx M
£l Gl ® oo I < KU o o
A AL L) oz T4 ® g
L £l W __ﬂ Y B
— || om < — || ;| < — o™ o Au Q1 Tl o HH -
| = | = = 2 o o e <
L AR e . A A A R A A R A T B
100 il e e B 100 W|w | % 700 || m | g 3oAr oy H % N
== Ho ||| Ho = || — & = @ w ol R Hon <] ©
= = = om T K S Ik ® OBl OM
< < ® o N WM H T W R T H W
| |

- 136 -



o o |
N - = Il
iofd % =y o<
i L ul <
ol N T
<0 Kl ol L
3 o - M
i > A i
N/ 0
B o 2w 1 D
g ¢ % .
P RoEon 1§
= 3 n o & : : :
<y W W 0 N w0 E N E | 5}
= mo W ®OS R = ° - 2 385 | 3¢|(|38(| ¢ || @ .
I s — O< = K An_ b i ,. d "
= ® ol N 2 o 9 Ho = o | .
a % 2 5o 8 8 R o Rk <
Eﬁw:%%mmmm%m Toau g
o i S o S O £ m n = o o -
2N © S, ol 5 o o — » Al _ Focoiiec
u| S oW N o s < = > u| e
Eammﬁ_wOTEJuw+@ S 0 |
Kl i T o3 ,_%T o T ol KO s Hu o &
e SuzmEeSuwd g = 0 g )
m iy E_||GHR.m U o WS £ E
m_u wu Ko o mooy oL W F . = 2 & — MU o KO :
ke ™ U e B . 5 o H oo
N uj 4 Moy___lgaﬂﬁw; wouos ® :
ik o oo § oo o 3 W o ™o ™ ! ‘
N o0 7 HWE oz M S our mw S X ST I HIETRERE
T B b RO = = o ® = ok ar <0 h 3
o o _._._._ - ~ r = by - 3 lof = _._.T_ _Ao ol
_._._o <+ <0 K[ T Lo = |7ro T M W 3 o z i ol
_l._o a ~ _ Mn_ OL 1o MM_ __ot m; |__A|o _._M__._._._ _.._.A_._L O _._.I P of w
< ! 0 N T <. hy ! ry = —_ E:
__n__.7__u_ m Wm i RO Wm __.M__ mum =A_._m_u 0 X <0 o“_w m W/0 Mm of & 3 :_ il
TR R EEE RN -
A E BN
o = CUNSSO . . . . . w_z_.o o ol <
- X m ™~ o @
_

IT

=

2 A

- 137 -



- —

S0 card
(Storage)
- Us8 TG =T |
ART-USE debug port-s{— |
PLT CLK T Con ceﬂ—p.
51 GF
Boot Code 8
PClg ud conm Koy B.0S
-
Sam Cared Conneton
<HEEZHY HIRE V|5 222>
L) 8 2 AH2QIA / 25 7ES MEZCS TA
a. 24 3 A=A ) FE HAEEY YEEE = 1) HAUEER 2) &
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nL2
LTE /5

2ty 3 2EQIA /| FF HAEEYH MUEE AL
. HEEY HeEE Spec.
CPU Quard Core 2.0 Ghz
Memory LPDDR4 4Gbyte
Storage eMMC 64Gbyte
Mini HDMI x 1
RJ45 (Gigabit Ethernet) x 1
Interface USB3.0 x 2
SDCard / USIM Combo x 1
PCle Connector x 1
Size 125mm X 125mm
<ZHEEZ HAEE Al
Micro HDMI
_ UsB30
Zport
Rias

- 139 -



Micro SD / USIM Slot

- Extension Board Shot

MIPI Interface x 4
USB3.0 x 1
Interface
UART x 2
CAN x 1
Size 1256mm X 125mm

LS8 3.0

—— UART




2 BSP i

EE3 EE Bring-up
st R

—

i)
>
i
of
=

T MoExEE SEAIZI7]

2 2= Fio2} =

Bring—up % BSP ZHgr &l

0t

el L ®Mo{Z|te] SA412 fst CAN Port M3

=
=
® ]

Bootloader M|Zt
Memory configuration, MIPI CSI configuration, GPIO
2! configuration

2 |2C port configuration

[ ]
=<

Kernel device driver M|Z&t
HDMI display, =&Y = N4 decoder driver 702, ethernet driver 72, camera

driver 7l 2+
Kernel 2! Root File System 7H &t

Program

User-space

B5P

Hardware
Hardware

<ESP 7Yt =5 CiolojT &>

Ll) AEZ8 2= MCU Mo{7|s T3

e Firmware 7Hgt

Protocol Mo 2! 74t

MCU data &/ 7|5 70gt (UART, CAN)

Ch ZEER E=o &4 2 22004 2dg|E X E ¢t 2dsd 4
e Embedded OS =+, MME Driver & Library &3} 4102|Z =g gt

o ZIEEP HEo dZ MM L2[E HME St 2R library BE
o EE SHEdM SIS sIES library £H

o 7| MA library & HEE
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Application Lewal

5 = =
G-Streamer OpenilL r v
ARSELS Inpul Leyer CHN | Feature Extracthon | | Classifier |
OpenVidG
Seheduler
Lirus: Kerrne]
|¢urn-era | Display | LLULLH || PRAIC USE | Gpeaker [SerlalFlﬂh SMMC UART | GO l RTC
Device Drivers
<S/W =Ectolof >
[2RHA ]
(1) &4 & =24 /| =5 A g AME MdA H o
74 stdel M /A2 AEEZER Interface A FoHA
a. SEQA/HEYE AEES AMME2 ME 2getdo 3= ZddMo| g5 E
T UEE Es32 FIH S QEEolA & st AYes RSN, O a2

e Surge, ESD s|Z2&48 WX E st E5s|2 FT}
o Hb= HIX| XIFZ Spec. FES T XEFHS HYUH M

Iz

o ClHZAS st 2F ClAZE 0| cHAF 2 Interface F7}

o

o ZHiel W Mof7[etel sS4l fI8 CAN Port A=
=4 H=E fIet Gigabit Ethernet € RJ45 M& & USIM £&71Hs Slot &2
o 2HlAlE Camera tHE #eH MIPI Interface M=
o MAMHE F=Z 28t RS232, UART Interface M3
ZHHM | E fTF Micro HDMI Interface &
o HEBSA % Debuggingg #le USB Port M3

* Interface &M S 2{st SHHEE glot M=

B. stdolAl/ZAZMM HAEED Interface AH EX2 ofeliet &2
o SIEQ AMHAH EFSZ+= IEC61000-4-2 Specification F&E = UE
Interface ESD MAE &I
9| Surge, ESD Sofl 2o|st 5|2 &4 27| ¢
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FEE HEEH X8

b TE 3-6437285-0 X

HEX| 7(|_|
4CH ZtH 2} AFE20| 7ts5tES AHD CAMERA Interface &2

Cle{do| S0|st= S 2F C|AZg o] BHAF & 2F Interface ©HAI M &

Lt) &t

Tef ¢ |
tR 2o,

UAEZE Embedded

2L

¥ eMMC M 22|E

Szt

b. SoC= Intel chipg Al
LPDDR4E AlES5IG 2.

2t
Intel Atom Processor E—-3950

c. ME spec.2 oleliet &

SoC
Memory LPDDR4 4GB
eMMC 32GB
1xGigabit Ethernet(RJ45)

Storage
4xAHD
1xUSB 2.0
Connectivity 2xUSB 3.0
2xCAN
2xADC
1xmSD Soket

1xHDMI
1xDP
7V ~ 24V

Display

PR D&

-40°C ~ +85°C

Operating voltage
Operating temp
175mm x 155mm x 30mm

Size
<HMl0{7| Spec.>
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<E 353 =E>

(B (= (g 8 (a)y G 8
h i 43 4 43 03 4D 10
88 e na0
HDRHODHSE G

1 |TEAl 3-6437285-0

<TE 3-6437285-0 X2 FH4UE{>

1 Z2IdA0 Analog DATA

2 ZSIHM0 PWR 12V OUTPUT
8 CANO DATA_H

4 CANO DATA_L

5 CAN1_DATA_H

6 CAN1_DATA_L

8 Z2atM M1 Analog DATA

9 Z=SoM1 PWR 12V OUTPUT
10 Z2uAM0 GND

17 ZaudlA1 GND

31 MAIN PWR 12V INPUT

32 MAIN PWR 12V INPUT

33 MAIN PWR GND

34 MAIN PWR GND

MH1 GND

MH?2 GND

<TE 3-6437285-0 Xt&H& HUE PINMAP>
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a. st=E9of M=zt= 28 power map block diagram2} system block diagram=
HolF1 oo 0| E 7|dtez Matst SoCE MAsSIL S22 5 2t =

o= 2 RS PCBE MEHE

o

b. £3l, power map2 07| &2 ot Mol o SR

LHF0f HASIAS.

F 20|04 Zt blockE =

Power map Block diagram

- - e o ke - Systern Block diagram

T |

<System Block Diagram>
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(2) CAN B4 T2 &3 2p7e g Jfdt
7hH CAN E4l T2 B 2p7pxd g Jfdt
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b. MZtst HEES Z=ZxHA|F|7| 2|5 BSP(Board Support Package)S 0| &30 2|&
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peripheral device
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kg i Dl
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CAN driver 24 3! 7

« CAN S Z25Z M 9 =3 Z=zgZo I SEsIEE 54 7|5 71
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CAN Bus

Microcontroller

<CANsS2A AlE 72>

ENE

¥
E
Ty
B RS ;‘
® b )
? —L
P
3 f 3
= £ g
o
il i
i §
H
H
Pl T - o
R -
|_ T e el
— i
B
=
E
+ +
- u|_.q 8 . FEES]
M50

<HEEZ 2D MM AFF Lay-out>

<HAEE2 #HO|A Mock-up M ZH>

- 149 -



—~
«

il

EEE & HS

otz aZlm} Zo| stAIAl BEEY 2X E= HZEE 2=s5t0 SE HEE2
M 5IH S

Zdolnt X233 M oj7|Ztol CAN S Al S s CAN E4! ProtocolS
Jldte 2 S

MICOM FirmwareE M %52 MICOM FirmwareE 2I& burning toolS
%

Fo1 ImagesS A 7FH A CAN Analyzeret “ESS A5 HAEE

o
00
ol

al
o2
il

- 150 -



H
)

=13
=

{01 7H

o
=R

| %tZ St

[ N

HES?

al

Ko
K
<r
od
0]
ol

K
H

or
700
=l

<
20

Tof

-4
100
—e

10|

[

= 2D RGBEE

?.

| —

=

—
o

=
=

Ol A
| 21

el

@_

Ko

_ll_
oll

10

ul

£l
Tl
20

0
Bl

Ko

B
oll

10

ul

F NVIDIA APUZ

nl ols
o sl

8

oz A& ¥

ol
82

—te
110

o
K

ol
Tl

pa

<

Hr
n

o3

<

oll

—
=

E5= AP Module Nvidia NX 2

OPENVING
ol
AA

Ubuntu
SEAL
o

HH| 2= A}o|

Python

OMNNX

—

30V77HX|

X2
=

=

=

[}
=S 7|

Pytorch

[e)
Range

X7} &0l
ot
=]

Prog.

DL

(113
USB 3.0 ZEE 7|& 27H0lM 4712 &

VISION &112|

M
=

Ko

ok

Tor

L)

- 151 -

L2 PAMSIY o, HEZR EE=2| Spec. 2 Cf

8

-

2

L. HEEE HEE Spec.



a. ZAEE2 Spec2 otziet €20 AIgFd ZMM/FH Le|Fo| AestA
=0l7F= Nvidia 7|2t Embedded System=S A&t

b. SoC= Nvidia XavierNXE A231%2

SoC NvidiaXavierNX

Storage eMMC16GB

1xGigabit Ethernet(RJ45)
4xUSB 3.0

Connectivity 2xCAN

1x mSD Slot

3x Uart

Display 1xHDMI

Operatingvoltage 7N ~30V
Operatingtemp -40°C ~+85°C
Size 150mmx 130mm x 33mm

<ZHEEZE2 Spec.>

C. A=

—

0

A2

T

= 7=

a. otefl Block Diagram T+=2Z PCB M=} zl&la

System Block diagram
HDMIO
HDMI HDMI_DATA HDMI
Recover USB < 12 o Transiation Con
y T » c u20 J9
MICRO_
413
FAN_PWM
RI45 o GBEO . N FAN
X103 > FAN_TACH 10
SODIMM Typeh
USB1/USB ype-
bewo L w1 NVIDIA_NX 25 o
Con 2 > - USB1/ USB HU USBSS
J5 < UsSBSS g )
N . USB3USB
uis 4
J3 USBSS Dual
SD Socke SDIO ypo-A
m N PR USB3.0
CON1 1100
- GPS
» UART1 Son
| cant CAN NX_CA 410
Transmeter N
u3s
s
w
z 3
Power Conn = =
TE 3-6437285-0 - o b L I 3
> T x > X
KEY_ON =2
! - 2% 233
o| 5| 2| 2|0
Z0 02 388
> e
. CANO CAN v o
Transmeter} _ MCU_CAN
T
u3s

STM32F103RCT6
IC1

<System Black Diagram>
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2. PCB Layout

a. PCB= EE=EAlO|= &E0[|7| ?IsHM 6Layer FHCZ

150mmx 130mm x 33mm ¢
c. SoC2 PCB Board2te| ¢1Z2 DIMM Eflo =z

a. PCB Top, Bottom 2|00} olehet &=

7N, 2HE BSAlolxE

TOP Bottom
<PCB Layout>
b. PCB At

Material FR-4

Thickness 1.6T

PSR Color Black

Finish Gold

Copper 1oz

Layer 6Layer

c. Layer Stack Up

GND

05

IN1

—————————————————————————— 0.11

IN2

05

PWR

-------------------------- 0.1

BOT

OHM 50 90 100
WIDTH WIDTH SPACE WIDTH SPACE
L1 TOP 0.21 0.2 0.13 0.18 0.18
L3 SIGNAL 0.145 012 0.12 0.1 017
L4 SIGNAL 0.145 012 0.12 0.11 0.17
L6 BOTTOM 0.21 0.2 0.13 0.18 0.18
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000000000

o o0
o o0

<HYE H Hjd>

TE-3-6437285-0 A2 F{4E
3 CAN_O High

4 CAN_O Low

5 CAN_1 High

6 CAN_1 Low

31 Main PWR

32 Main PWR

33 GND

34 GND
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2{7t 2t Mo{7|2t Datag =75t XHof| wE SEHA 07 0| F0

2= AEZZ= CAN2.0B J1939 Protocol off 2/

PN |
=

Sk

<)

of x| S =of| T

ol #5t&,

CANZEE

Tod

-

T

Q

ol F =0l AtSHof,

7ol

Hr
o

o]

<+

xojE ol =of

LCD

e
oo

Operating

Data
Range

OFF,
. ON

0:
1

: OFF,

Range

0~1

Length |Data

/Res.

Signal
Name

= pit

70
e
oo

Message Definition

Byte |Bit

2

Cyclic
Time
[ms]

PGN

65300 | 100

CAN ID
[Hex]

0x18 FF14

20

Message
Name

]

M o7

Atg

=
e

0l
mr

oll
oo

E

—_—
110

i

=4
1o

K|r

R’

LCD

ol
(]
—

N]
o

Operating

0 : OFF,
ON

1

Range|Data Range

0~1

Length | Data

/Res.

Signal
Name

Message Definition

Byte | Bit

2

Cyclic
Time
[ms]

PGN

65300 |100

0x18 FF14

CAN ID
[Hex]

Message

o0
K Kk

Name

X017
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o o U BLHY #YS 7Y 3

SFMA|Z]| 22 O] 2 CAN AnalyzerE E3dl ZLEE

gdeteloll Xt HMojFel AsFdHo7|, =eHo|7|, GPSEE,
A A AR 0L Xp2EM[ O] £ el ECU, oto|&1, oto|F2, olo|F3
ZAFAEED, A0LEZ|7t HHfelo| dx|=o] Aen 2E FX[= CAN
&2AI(CAN 2.0B, 250 kbps)2= o1&

9-'H|'O|_|9‘I CAN &2l CAN to USB AnalyzerZ PC ZUEHE
2H(PCAN View)Z}t o4&

|6 O
HLI
n=

T
i
e

ArgFd MoZ7|oM Hel=l 471X g=ol st CAN S84 AMSE 2
ID Cyclic time (ms) Byte Bit Range
1 0 ~1
2 0 ~1
0x18FFA120 100 6 4 0 ~1
5 0 ~1
#HZ st CAN S4lo| &8HEA=X PC ZHHE ZZ2O0HE ScliAM
stol st
ArgFd MoZ[oA HelEl 471X g=of et CAN S4 MSE
SH A ZICE
ID Cyclic time (ms) Byte Bit Range
1 0 ~1
2 0 ~1
Ox18FF1420 100 2 5 0 ~1
6 0 ~1
PSS S|
CANE A #HZ4 st CAN S4lo| &5HEA=X PC ZHHE ZZ2O0H S SslM
C o | el
gl-




=T o
=
=
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a. 3CUSIAES s TSt HAE 2d2 oleit &3
3 HOEQ XtEFHM7|, =SHMAHT|, GPSEE, ZHHMA|AR T}
2, 010| &3, =2FZHEEE, A0lEF|7} Al
T2 (PCAN

XM O &£l ECU, oto|Z1, ool

Adlelof| Xt
|2l 2oy 2= ZEx|= CAN E2I(CAN 2.0B, 250 kbps)2 =2 o1&
CAN to USB Analyzer2 PC ZUE{ZE

M X
o AdiQlel CAN SAlI2
View)t o1&
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CH 22TIz2EZE 43S
a. QAN ES S5l AScha Z2EZ2l of F Al
470 sofl tishM HAMMo =z Il SEEE 45

ICTC

Korea Testing Certification

AldZE o

4HM B : 7|82023-00052

5.3 Aol CANSL &3
- AR - Yoz 47H o 2 YYAIZIR 10| 2 £ 2ol QJ=|ZP7t A5t Elolg0) AISE Zat
SUsA| ol
- AIEZL  OlMelE
Message Message Definition
Cyclic
CANID Length : ;
Name [Hex] PGN > .',1:":. m. Bit g Signal Name 3 TResoltion Data Range o wmwv
1 o de 1bit 9~1 0:OFF/1: 48
ﬂi#ﬂ!ﬂol 0x18 FFAL 20 | 65441 100 6 2 oI # 2 1bit 0~1 0:OFF/1: 8%
4 O 3| = 5} 1bit 0~1 0:0FF /1:0N
S o 1bit D=1 0:0FF/1:0N

6u1R 212 4¥ bit 22

6PRY 2t2| 5% bit &3

MA| P708-06 (Rev.2)
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IolglslAlge S AVIRIET|Sel AEFz0lE, REHR0IL, 5
HelRE 47) sof tisiM HAKoz 7|5 Sxlete A we

ICTC

Korea Testing Certification

Al E 2 3

A4HM ¥5 : 7182023-00052

5.4 DAMA CANEAl S2HBY
;-
=

- AEYY ¢ A1 dMel HEHE #Fst, 10| T2 &3 Zto| 2l2|ztrt A3t Elolgo AFE 2t
SYFHA| &Rl
- AEZED  oldels
: Message Definition
Name SANID | e Bit ignal Name Legth Data Range Operating Data Range
| wer B b e | rresoltion . :
1 SHEEHE o3 1bit 0~1 0:0FF, 1:ON
“‘,? Aoy 0x18 FF14 20 65300 100 2 2 # o3 1bit 0~1 0:OFF, 1:0N
5 x| o2 1bit 0~1 0:0FF, 1:0N
6 RPM Off2{ 1bit 0~1 0:OFF, 1:0N

MM Yy AE el

AtA| P708-06 (Rev.2)

<APHEE|s SeldslAld 2t (1/2)>

| ol
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IcCTC

Korea Testing Certification

ALY Z 3

HHM WS : 7182023-00052

£ MM 22|

=
=,

AMA P708-06 (Rev.2) Page:7 of 7

<APHEIE |5 SeldslAld Zut (2/2)>
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2}) M AlE (EMC) / B7| Al (ESD)
o HRE ) HAY| AR B
a. MAE AIB(EMC)S R MAIE W& T2l ‘ECE R0 revd’ of i} 574 AlE

b. @X7| AMH(ESD)E ASAHEE Atz ed Algel ISO 10605:2008°01 2t 2

c. Zt Alg2 ‘ECE R10 revd” % ‘ISO 10605:2008'0llA &St U= AldetAo| f

20 Wbt BC Mk [ B oonical Artenra |

<Al&std (Radiated Immunity Al&)>
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L. MXtut / M7 A5 S
a. AL Aigxd HEEY = 78 MAtoh 2EZF 482l 'ECE R10 Rev 3' & AtS At
MEE MR o e AlE el 'ISO 10605:2008' 5 Algde 51, EMC (MXth AlE,
Electromagnetic Compatibility) SD (MH™7| A", Electrostatic discharge) Ol
U0 FH 1ol Est= MSHEE HE St
P UG, R

HCT

4. NH aa

WHMHE FCT-AU.2212-ETOD

AHER
Bl Current Injection (BO)
Freo field testing methcd jRadiated Imrunity)
Brsadband & wrrowband electramagnetic radiation

Emission of condurted disturbances

bmmunity o ranskent disturbances conductsd
abong supply lires

Elecurostatl; d schargs - Uspoweree Dischasge

Elrctrostatic d schargs - Powered Ula Discharge

< EMC / ESD 2I& A

Comtact 4 K- Sl s

R
Bl mhClas A
0 v Chss A
Refer w11
+TEV/-100Y
Pulse |- C
Pulse Ja: B
Pulse 2b: €
Pulic Ja: A
Pulse 3b: A
Piks 4B

Contact +E kW Siais |

- X 8k Skl |

Comiact 24 k¥ Stalos

Comtact £ ki Slils |

Ai- Ea K Seabus |

A 28 WY Staliy |
Alr 218 WV Sales 0
hir 75 Wi States |

I

3} -

Al a2

B0 mtClass A
imChas i

Palse 1 B
Pulse 2a: A
Puss 1 B
Prulsar 3a: &
Pulse 3b: A
Piksd B

Centact 4 kik:Sies |
Contact £ k¥ Sz 1
Al £ BkV: Skats |

Contecd 4 k¥: Statuy |
Centach £E kY Stabes |
A kW SEtyg |
Ak 28 k¥ Skl |
Al E 1L B SEILS
Al T B Smtuy

X
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]
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ENGINE uBloxZED-F9P x 2EA
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Heading Accuracy 0.4 deq.
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GP5(G)

19m™N

Control Point(C)

z,: Aol o33,

x,: GPS 23,

B
<GPS ztx "Hdo|s>
[339 B [Lsin(@)]

Y, Lcos(0)

Y. : Al y2h

y,: GPS Y23

L: Aloid 3 GPS#E 1] 014 A (m)
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511
512
513
514
515
516
517
518
519
520
521
522
523

Process Start at
Process Finished at

163106.659554

214782.147303

163106.813740 214781496002
163106.901591 214780916073
163107.153902 214780.386570
163107.548973 214779953034
163111.958885 214778.199639
163112.134558 214778121175
163112.310232 21477805471
163112485905 2147T7.982247
163113.032226 214778.118236
163113.519002 214778407094
163113907661 214778.808406
163114167407 214779307897
» 3372 msec
1 3708 msec

Total Processing Time : 336.000000 msec
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COoOQoOoQooOoOoo D=

adaEE FEF XM Z=x2] 730 (90m x 20m) ZX[oA{e| HAE Zi} M
Mol RMS ZEFE2Xt= 0.145mo|of A Fziel &0 A2] RMS ZE2F
= 0.06mol0y =32l 0.156mE =2
3934030
—target path
= = =-frajectory
3934010
£3933950
Z,
=
=
=1
3933970
3933950
3933830
449200 449210 443220 445230 440240 449230
UTM_E{m)
<M 42 2 FH AHH af=>
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0 1000 H00 3000 A000 5000 00D 7000
Timea{20:0ms)

<d=z2 X} Jsf=Z>

e LAl g MEE52 227 (65m x 156m) ZX[ofMo] & #Hmf HAE

oMol RMS ZEFE A= 0.133mo|oy S &2l 0.16mE E4et.
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(] 2000 4000 6000 B000
Time(200ms)

<ZBE X} Jefj=E>

M LAl B MSES5Z 227 (65m x 15m) EX[oAe] & Hmf HAE ALt

AR el RMS Z2FE2X= 0.102mo|of SE°2l 0.15mE
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RESISES

(1) Xtsd Sdiel FHF AlSo[d =H 7wt

7h AlEelold MA X =& % FE 3D ZY gt
2. 3D 2HE 7AM
A. 3D BH &S FMsl7| sl EHigle FHE M S EMSIUS.
a. SHIRIe| HE AAEH 2 FUZREHZREH s2HS Mol FHEE FSA|7|= Sprocket

o Hleeo 45 % SHFE XXISH= Rolleret A= sHolM &3 =HE2 A5t Y

Moz HYEIF F=EHH dHF= Idler2 F+HE

2
30
0jo

Sprocket Roller Idler

ELRsH FEE MHHSIM 204, Sprocket,
Roller 2 Frame, Idler& M 2stl= 25 HAHSIHS.
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. 3D AlE2ojd =2 JHe

=

. Recurdyn T2I3o| AZES 2tz

ofzf 2t Zo| M= US.

where, T is the kinetic energy
g; is generalized

coordinates
t is time

. AlZelold 2E 2 Recurdyn®l Track LM(Low Mobility) &7l
Track LM 27l Es F4M
| m—

=)
A A o = SE A
e 7|.__.|_ o1 24 Sh =

—_ 1,

7S 0|&sto]
Z(Sprocket, Roller, Idler & Link(# =) S)oil CH
le)
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A HEE 52 e dY =5, dY 25, 2 A5 F 2L 2500 M2
x5t EMoIUS. SAEHS 4,695 kg 22 FFEUH, dF 27 vfj2H|= Mgt
73%, TE 27%=2 SYEAS. AT P 2o HF =S5 50%, 5 50%=2 5H
HAg. O =5 S w22 29 A FAHL 47%, WL 5 A vi=ZH[2 &
2 MA FAH 27%, FTuk == 27| wjBd|e] AL M BHS 3%, T4 = 27
bf 22l 2 HA FH2 23%2 EH=HUS
<gR AlLE T = Aol 2E>

L 2E 452 flsl FA 5 Al M 20| fAx|et 22 Roll HSsUA XM EZE 745t
R Agd=dn sdst Algelold RE S THSIUS. g AILESl SXt Al st
S8 Foisiden, A2H E2|o L= U ZIgtS 0[&5t0] At ZAgte| vl

P &gk =kZ=ofA 15.2 kN, 2 ?Fo[A 13.2 kN, ? ZHEolM 9.5
IM 10.6 kN2 LtEHH. 3tE FZ
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(2H2] : kN)
AlZE|o|d 2E AX FH gk
TS 2= 55 2=
15.2 13.2 16.1 12.5
9.5 10.6 9.1 10.9
<EA Y Zotgt 2 "l 24> (BH : %)
Xt

21| HE =

Ny 5.6 5.6

Fut 4.4 0.8

<HH AlEold =2 Fd>
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A ZdATE ol e HatEE dolsts xloln], 2t A2 ofzfet Zo| HE.

k =

where, F is force on a body
6 is displacement
k is stiffeness

coefficient

B. i EEo=z FAME Zdlole Y= A|AEIES H X, Roller, Sprocket & Idler &

0|83t HI Alx

g2 olastd ZHATE oS

ZE A FEEFE2E FHE7| 2o AlSold Z2OHS

a =

TM35t2, 0| 0|85t ZQIEo| wlst=

a. AlE8old 22 XS0 et Fatgk 2k =l Eol| ST
=]

Hule| Y& Molstm, 2 =9l

K

— o
of WSt vt ABZS

b. Zt Rollere| W&l2 M E2{FEH Roller 1 ~ Roller 82 T35t

=
ofef Zeh #o| LtEHH.
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~Roller 1

Roller 2
Roller 8
<zt B39 HE>
<Z} Z=QlEof| 2Mst= Fsi> (ZH2l : kN)

e 2=
Sprocket | 2.7 1.6
Roller 1 | 3.2 1.8
Roller 2 | 3.4 2.2
Roller 3 | 3.5 3.5
Roller 4 | 3.5 3.4
Roller 5 | 2.9 3.3
Roller 6 | 2.5 2.8
Roller 7 | 1.7 1.9
Roller 8 | 1.3 1.6
Idler 0.7 1.2

c. A= SlE HIO|E{&2 0|&5l0], Zt Z=QEoM wMst= s FHsto] 2 =QIE
of Z&A4E M L oS+ AU

b BEHER STS SIS MM AIAE T4 o g4, BUFE S F2 ool 3

=<

A. DeepAnomaly: Combining Background Subtraction and Deep Learning for Detecting
Obstacles and Anomalies in an Agricultural Field (Christiansen et al., 2016)

a. CNN (convolutional neural network) Z|2e| ZHx| HES &35t0{ Clst =20 U=
o =(Hel B0 UAHLE, Xt 7t MotALE, &elo]l o322 §) elalg sdHsids: o

2 U 45-90 m AHZ|¥H, 40 fps2| 452 EME

L]
>

[ A M - AHEKL H|M, IMU (inertial measurement unit), GPS, Lidar, etc.
o SIMAIZAIHCNN) 7+AM : 227X227 input image, 6X6X256 feature maps

b. 52| X 54 (homogeneous characteristics)& 0|85t0d sZX| W A E ZEst
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= 7|2 22 otgHol8eZ 7l F#o| JhsstH, 7|E2] RCNN &2 24aloll v|sf
s

Rickgrmund dats
£ wurmal e —
Bhimaliy o ¥ Anomaky & I
iy Thretaaid ‘ T
¥ i L T ;' i
- M T
\ | B i
\ E' ! 1 4
! il i
A ] L] L izl
\ | ¥, \ HE!
o L o o) — frema
Fealuin | Grasy tatere I Humas

=l

<#fd ®MAH X Held g2 olET sEYU Al ol 4& s>

B. Field-Based High—-Throughput Phenotyping for Maize Plant Using 3D LIiDAR Point
Cloud Generated With a “Phenomobile” (Qiu et al., 2019)

a. LiDAR (Velodyne HDL64-S3) Z|Hte| ZHI Z 22l "phenomobile"S 725t 209

2 Melge Y 24 7|22 M2

21510 point cloud A 2 o|E 7|HtS

4>

b. 360° AN S S5 MEsto| depth MEE

=
2 A2 182 AS0E 2AMUS

. SH5o Yo ezl Vv FAEIY BAD H £ UTES 0|8st0] HelsH E
Bye Ao, o2 Sal UelAHolMe 2B Jlo|S HBE HMIE




Simulation of an Autonomous Mobile Robot for LiDAR-Based In—Field Phenotyping
and Navigation (Igbal et al., 2020)

2ag 9 e 22 U AIgH oM EHES F ok

= =

P2

EH
ro
09k
ol
T
e

AHEF o cierel

>
o

"Nodding"& 0|-&¢t LIDAR 7|t MM AARIE 0|&5I¥ 20{ 2D2| point cloud MEE

o|835tof 22 HEE 24

oo

o 2= ¥ Ato|2 FAHTH ZIF RMS 0.0778 m (0.2%)2] =2 EQUS

AlZefold Z|tteg dllE AFE MM ZE HMES et 450 2% Aoz g

Elo{, 2-way 2ol et HE H2

Al oM 2>

- =

D. Vision—based Obstacle Detection and Navigation for an Agricultural Robot (Ball et

a. Z|A Alz2 ol et AH H=

al., 2016)

|
A
Mo
=h
02
>
[>
oo
=
1=
_O,E
2
1jo

b. XM7te| GPS (global positioning system)2F Z|Al A|Zt0o| ZehEl 2HAM SHH A|AH

Ab
o

(inertial navigation system)2 0| 2310 A|AHES FAM
271X| gkAlol J|AH AlZE 0|2: monocular (2D ¥AN) — Localization, stereo (3D ¥
) — obstacle detection

Novelty—based obstacle detection, visually—aided guidance, collision—free

kinematically feasible paths2| 37IX| £ £3d 7| =&
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E. Path detection for autonomous traveling in orchards using patch—based CNN (Kim

et al., 2020)

a. 4202 XAgFHS 25t CNN (convolutional neural network) Z|gte] Zd =z QlAl 7|
=2 MAISIE S

b. &Y Al Mol Chx2 2 P4 EXES 0|2510] 22 29 HO|H MEZ &3tdQl
M 23k segmentation)ZF 7tsst Z2 2lAl 7| mlo|Zzlelg MAIE

c. CNN2 o|Zst #9¥¥ (patch) 27/ &0| 7Isdt 2 S MA 52, #oE 27 H
TE 0|28¢ct dZ H+E WHSH = 0| TXelst| AE2E HESIHS

o« HotEl J|&Z2 0|25t0{ ClUst JAas Moz Ms Hotst 2o 2 2x= & 4t

sk 51%, ZtE 7.8°2 LIEtFS

o StHo|| O|3E A 2 ciefst e, 2524 52| FAlsE HAS 0|85t A F 2 =

M 2ok 7|eS HMESI¥S

o FIUMHCQl & g9l0] R2= 2F 0.9, loU= 2F 0.652 HIIE

Tirremn el bvmpslae s

1 I 1 ) e

Lt dhtontivgs

It
AT e

LERITTE |

truth

path areu

Boundary  Segmentnd
Limes

oo
o
oy
HU
=
£l
Ton

<CNN2| 7+ &FE 0|

F. Tillage boundary detection based on RGB imagery classification for an autonomous
tractor (Kim et al., 2020)
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9lsl 2D 71H AlZt2 o|B5t0od EBME ARER Al F

L

b. H2{d 2 0|3st0{ A&t M, Tof HAZ FESIF2M, Hough line2 0|&sto] 2] A
-

o ol ERSHE ZI Fl-score 2F 0.925 HFo0{, 0|2 7|Htez AHA L A 2R
2 AAHE HAESH Z3 150 mse| X2l FEE £

o 2 dEe 452 4r 2xPL 8~9.8°, & e %7t 11.0~12.6 cm FE2EZ #
ZHE

[
00

« GPS 59 7|& EE Azzd2 gt 1Jt AIA- S A7}t 7tsStots HollA

Sliding window Classification Area estimation Path detection

w =]

Input image O model Arca probability Ilmlndur:.'

<E3H 2% Al As Al 4& Ts>

G. Stereo vision—based Ridge—Furrow Detection and Tracking System for Autonomous

Seeding (Yun, 2020)

a. 2H 2 FIH2IE Sof 2 3xtE HEE 0|835t0] 52 gHo| Sdez F51 1
FdES Tt AEFd EME L FA V[EMES FESIE Y2 FS Y

b. AH=< FtH2te| 3D MEE Blurring 712t Canny Edge 7|#S 0[&35+0{ Contour
2iele| 7|27 dEE Soff o &stll, ol YEO{El Zo| Ho[Eo Hhdst

c. &1 F5Z2 Row-by-Row Segmentation 3} Otsu's ThresholdingE Sl +&,
F5o zAUZS o|2T MY 37| BEMoZ BXMQ FH JEMSE F&
e FE ZHZEE 2N AL B 94.2%°2 ™EEE Eon] & H At AlRNe| EA
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oo sf=s JY2 FHiel 2 MY Al F2 FOV (field of view)2 AlZHel
RGB XMEoto| ol 2t 27H2] monocular cameraS &l stereo A2 XI5t AHE|

[24Ghz, 5.8Ghz Dual Band WiFi Antenna]

|
| | Wi [e-CAMI37A_CUXVR Multi Camera]
..,~-'--.._I Antenna
. L Sl Camera i
| ' / b
NVIDIA c 3~ Camera | (¥g -
| oy —— erson | &
| XAVIER P~ Camera |
[Kiaomi 20000mah supplementary battery] - - . \
’ Camera
l]et;on Kavier AGX]
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e. StESIO] A 2 ApQF

o SIEYH= FA S50l 7 GPU 7|Hke| single board computer (Jetson AGX
Xavier, NVIDIA, USA)E A
o T2 AR 512 FO0{e| GPU, 32GB M Z2[2 FMElof eni, 2 F AHO[AE H|
st = XtA2] 27|+ 105 mm x 105 mm x 65 mm &

—

Sotz
=a

5t

t
He

oo Jf

o

<Jetson AGX Xavier T Al2k>

ltems Specification

GPU 512-core Volta GPU with Tensor Cores

CPU 8—core ARM v8.2 64-bit CPU, 8MB L2 + 4MB L3
Memory 32GB 256-Bit LPDDR4x | 137GB/s

Storage 32GB eMMC 5.1

DL Accelerator (2x) NVDLA Engines

Vision Accelerator 7-way VLIW Vision Processor

Encoder/Decoder (2x) 4Kp60 | HEVC/(2x) 4Kp60 | 12-Bit Support
Size 105 mm x 105 mm x 65 mm

o 479 ZiH 2}t USB ZtH 2HSee3CAM_CU135, e—con Systems, USA)= 13.0 MPe| Z|
o sfA =S 7EX|0f, sHATOf w2l 20~120 fpse| =2 HAb +=Zlo| 7}
e AMZE+= GPU board?t =2 84S X[uof A 2lolE22|7} MS = 7HEo| =2
Ho|Mg TIE

o HMoio| 274 FiH2l= =t RGB ¥ AHEDE ot 2} Baseline, st 2| Art2 Sl
Hel2 ofade = d2of, HA Z2ke| A2l disparity map *”é:% Sl Hel dE=Z
7

<See3CAM_CU135 T2 Al

ltems Specification

Sensor AR1335 from ON Semiconductor

Pixel size 1.1um x 1.1um pixel with BSI technology

Sensor active area 4208(H) x 3120(V)

Focus type Fixed focus

Resolution and optical format 13MP CMOS Image Sensor. 1/3.2" Optical format
Sensor type 13MP CMOS Electronic Rolling Shutter Sensor
Image signal processor On-board high performance ISP

Uncompressed UYVY format and Compressed MJPEG

output format
format

f. 2ZEQol MH
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e Jetson board= NVIDIAOIAM XM &35= SDK (software development kit)@! JetPackzt

= dd85I% S

SDK managerg 0|&35t0{ &4
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Hedel Doneloader
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o

T 2 gA RS Qe T2 a2 python A0{E 0| 23510 ot &

o HEAIAH 32 AHa =Z
o} Zo| Jlietsiieny, IYS st EEHES Visual code (version 1.50, Microsoft,

4712 ok Mol HE Jo42 Eo| JPEG m I 30 FPSel 422 SSD A

<Al £2l2 QI mo|M Tz ad>
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SO Z CFeFsh o 17| dhof|

<VLP-16 Puck 2 A}2>

VLPE 16 Ao | 2lolt] 7ol 7hsEt
20| 851 Y

MZES=Z =2 7t A5kt aat& el SDK Al

=)
=]

Image ltems

Specification

Sensors

Laser
Power consumption

Time of flight distance measurement

16 channels

Measurement range up to 100 meters
Accuracy: +/— 3 cm (typical)

30° (+15° to -15°)
Rotation rate: 5 — 20 Hz

Class 1 — eye safe (905 nm wavelength)
8 W (typical)

Field of view (vertical):

* SLAM (simultaneous localization and mapping) 7|&2 GPS2} Zto|] nxd=™eol =xE 2
X Z=7F FOX|X| &2 MEfolAl otelff T8} Zo| SR FHe| A S HESH WS ¢t

=1 We|Ao|EE sAdstE =g

L mteiEd B2 Sot ASTY Zulel B 914 24 NF 2 #ojote M

. Bulel MYy 24

A Blel xele a2 4Esis NHoz BRI O|SSIUA 2ol ofF, YT, MH2
SAlof 33

a. = MM Bulel Fuol PIx|sHe cigket @of o vt oo, off 1 2
of F2 By Poiol TBo| EXISHE BES 1 9f clyst ujY U HYSER TAE

- 4 ZBO| EXEE TEE Bolel 43 XY MI Fo| YHOR Livd o, S

M ogeie wA AY CjA A2 22 ZESD Ao, £5 F Y92 A20| Hy Lwol

ol Zxst =

. A2 ool o WA Bts, & T2 ulY Sof 7xeNf M2 So= TAHE
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(Artificial Neural Networks, ANN)
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Weights

Constant | i \\
“'--..._____-*

D —

. . ? S o J
inputs w / = = e
d X iy e =1 / Step Function

—

| 7l&2| H|A HHMof| w2l GPUE 0|28 deep neural
network2| A1&35H sH&50| Jlsg #0b ol 2} convolution neural network (CNN)TZ=
=]

7|& Hab 52 pixel £HRlel EAS 0| 25IFX|BH, CNN == HAHe| gpatial £3
S 0| &3l0] feature extractiondl &=2FHo|of &t&5& St feature extractionO| 7ts&
(LeCun et al., 1998)

Ci [ maps 16@ 10«10
IMPUT %;gf,g-gﬂ miags: &4: 1. maps 16@E5xS

32 |. meps

Full connection Gaussian connections
Canvalutions Subsampling Camvalutions  Subsamphng Full connection

<gtM & olZAZAZ(CNN) : LeNet-5(LeCun et al, 1998)>

ILSVRC (Imagenet Large Scale Visual Recognition Challenge)= ¥4 &2
SS 95% O|AIX| SAMA|ZIO DO, object detectionES #Ieh BIO|O|E Z|EHS OF&HSH

=
(Ramcharan et al., 2017). &
oz &2 22 MOl
= AFoMe WA JHHR FXEE =2 4 ¢lAol 7
Zisserman, 2014) architecture® 0|&3t0] Mo|&t&5E2 F&SIUS
2|

1Z (object detection) 7|&2 tiatxlel ZelA 2/ 2 AYENX] HAE5HoF of
oz 35 !

=<
2 floiMe ZE Fas a2 xotEl A el At /XEdES HER
8

Lo oy



o|218t F4{(annotation) &t e| A< H|O|E 0| diOist B¢ =2 2
< A =2, & AFe &=2 ¢

= Aol = G4k Holl Ao Exf of Fote] YE=Zok AN HE0| Jtset

X| = 5t&(weakly supervised learning) &S 0| 23t 2 (Zhou, 2015)

oFX|E 52 M E Z=(convolution layer)2 HX L2 %Z EZXWM(feature maps)2l
MEo| ofeiel Alnf Z+2 GAP (global average pooling)2 435t EAW Ztzto| &
QEE sHashe Yl
ka(z,y)
T
G, = v
where, Gy is global average pooling of the kth feature map

fi(x,y) is pixel value at xth row-yth column in kth feature map

N is total number of pixels in the feature map
e A ZHzte| Seff Ao e M= ottt &0l FERLE JIE X2 GAP #t= 0| &35t
(o= K=
Py =]

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

=R 2L 2ot olgf ol Al2f softmax &®/7|E OIEsIUS

exp (S)

Zexp

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

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

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

olzll 1E 2 disease severity identificationg 98t VGG Z|Ht2| deep neural network
architecture2 feature extractiong <®l8t Convolutional layers?t image—level
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localizationg <8t GAP (global average pooling) 2 classificationg I8+ fully
connected layers2 TFAE|HS

R T T
¢+ VGG-19 architecture

[ 12 same lnyers

i~ Depthi=512, with maxpool
Globual Average Pooling

I
3] ONY | Ty

: X3 CONV 1= Deptl=64, with maxpool
I

I (3 CONV | =2 same layers

i ‘“‘3(‘“1_ : Depthi=1.18. with maxpool

I - | |- 4 same lyers

I X3 CONV ! - Depth=256. with maxpool

I . I 4 same lnyers

: 3X3 CONV L Depih=512. with maxpool
I

: | I CONV | -4 same layers “Attention network layer

1

|

|

1

! |

] : \

| Wy connecte _J-.:ugﬁsizr_chlaym ! [
|

J " Classifier I

|
1

|

- I I

Softmnax

stEHolE 7o ® 2Y MA

StEColE= dY FgzolM Lebgel AOEE JHH2tE 0|85t SR 20, A
20| olSstALE, Fubelol EAstol st Hes sto] Ciet HEjol Jds =+
et =(20204 108 ~ 118 &)

dooilM HEY U2 I 2 ™, 22| HEo 271X JH1t O 9 F2|=[0fof &
i 2 Foi=(5ks, Foh=, vld, O 2 Hiy S)2 HYsSIAS

1 2 b A

HAE HEs S D JaezR Ziziol Ay THIRRE EFE Y Zi(raw
image)2 4 F9I1& SAU2E 224x224 T (pixels)2| el & F7|2 H2HASZ
dug Fetll= WE(sampling) 22 shitel | Faboll ths ool 2|x|ollA 012
H Ozl St Chefsh SHEOIOIEE =Esiien, 4 MEZS Saf s
Adatol st&OlolE= =3 T g(training set), 43 T e(validation set) ¥ HIAE HEt
(test set) 22 E2F3IUS

= ME2 222 sEATY -rloHH A=l HE FEe 29l sr&ol MAEsH
TR AR EESHT| et HB0l A=, oix|2fez HAE Heh2(test Set)
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stEEl 229 o|X| HiolHof et ds5S HItst7| floi AtSE

st =l

o = AFOIM ALZE G2 ALE QA S 7|EROMIA 2 st&ol| ALZEl H|olEfof H
of HlWX =22 A2=2 MM eH(overfitting) S =X 7t LMst7| 4?0 o|F sfiZsH|
?|sif WXtH S (cross-validation) HHE2 ALEst0d stE M52 ASSIUS

e WXtAZSES =H TEES ke RFEREHk-fold) 22 L& ¥ M HoleE =3 A
SOl AFE = AeB=2 22 H2o Holf &0 23xel AHEE JiX|of ASo
AMEE= RERES WYt stgsty| i 2o chfst 2 sh50| J7hssto] s

2 E 2diste = US

e = AFUME SEEE ats fsl MolsES Fdsidien, 7|8 X2 ofe| OE
o} Z2 VGG162 0| 235tF 20{(Simonyan and Zisserman, 2014), olui VGG16 &
Q2 dHlwA Jid Tx2 dgt™ol st=of stHolM £ A 50| JhsE ot ol

o OiX|E2} SHMHEZ MY o|F Zdtel T2 FR(class)2 2&F3t7| 28 7|&=2 4
ER3E FHsIFooy, 174e] 2™MAHAA A Z(fully connected networks)F—F =771
o
—

(classifier)2l 2ZEWMAZ FMSIUS(AZEW A = 2FO Jl5= & 67H)

" - ) 9 ™ | i I N T8 HEE
ww sl |RAE |(Eees |Saan |EEE RS 4 40 § &2
229 |59 [fong [pnwnd |lwhal |BFCE
3% de 8l (Bad8 (das8 (adm 289% e
o i 5 3_
B8F |55¢ |583¢ EﬁﬁﬁJ FEE. i 9 45
] BB S Gy e U Eaygy
e

<VGG16 7|t stdea AE Held 2ZY 74>

mju
o
:IOI__I
x
rir
Ral
192
ot
53
(@]
o
N
S
=
2
mju
4o Il
o
OII
%
o U
e
kO
!

o G4 Ul AAel X|9stE= class activation map (CAM)E 0| &5to]

S
CAMZ2 J&olM sy Aol SEo| =2 B & EdstH 4 chelz AlNE

2 AFoM= gMadae] xE UHE/IZSC2REH EHE= 23T feature mapd
GAP (global average pooling)2| 7I&x& Z3l1 ™ S i HASE HE2EM
CAMZ ZHd 5t Z (Al Z3Et= jet color-mapg Ol &35t =)
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PR '*""'1!"":"""‘“ S e

| &2t A2l gdatHoiM st

0 sy
=]
40| =2 activations LIEHHD], F24

olof, T4 A sirfe| FPY)

2Ol AHME AESH| fls &2 JHKl=
A ° 7

=
| 7t2=5 tia M2 =7 dA=es A

=)

AAXEE o|Est X HE2 Y F/F2| activation pixelss AKXz s T Z&st
£ 55 "grlstgen], 2AE dHAS 256t= £ AMHO| bounding boxsS MM &
A2 E 2Iet 2 Zt(threshold)2 pixel2l activation ZHZ 2| 85% =2 MAEFIF S
FEHLSE
2.1l j soeAR
B o .
= o e
k — -] = 1 r
) 535 139%| |3335| l3sn) b
3 = Mo 1 o | oo =
At it .2
G ¥ S i

<A|ZtztE 28k CAM 2fojof F=7b>

Ht 5| HAES 28t bounding box 2HH>

Held s&2He GPU (GeForce 1080 ti, NVIDIA, Santa Clara CA USA) 7|dke| Al
e FAMsl] stgAlZien, J|s FES s T2 2 python 3.7 ¥ pytorch 1.12

st&e Qlet ml2lo|el=  batch size 32, &&E(learning rate) 0.00005, SGD

5}
(stochastic gradient descent) =& st7| 59| 4tS 2351 S
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(1) =l #5toll g FF AlEold 22 sl X HS

b MABY FYS 0|8 FHE AlBHolM 2Y Dot

a. 3D s9& 2d Jjurs 2[sHAM M =AM HEsHE 3D ZEH 24
2o M ZEES FEE FESHL, siE /Xl Y= FMof E2
(o= =0}
AN O

b. ZHlelel H == Sprocket, Idler, Roller S22 FAo0| =0,
Roller 2 #+=2 <l8t Sprocket 170, a2l HE X|X[E Qe 27
ANS. EsH HE & =HS fall Hx ™ SIF2o| &= z

Kl

c. 2t LtE| zEE FEotLL, 48 ZEZOH2l Recrudyn (VOR4, Functionbay, Korea)dl
10| 7ts¢et TrackLM E£7Zl& 0|33510d 22 S FMIIUS
Single E2{2 A|AHIS FAMSILD, Sprocketl| A< Sprocket E2l2 FAMSILD,

M AE oM

HZEx|= Center2 TA S

_nlo

+ 3D ZEoIAMe ZtFEA = otfiet Zo| FEEUS.

<3D ZHofM FEot EEA>

mjo
-
ot

Zufole

4% 879

Rollere| &<
=

Hel Idler2 FA=|0f

=H AT FEEHO UAS.

0

=}
o

i

spro | Rolle | Rolle | Rolle | Rolle | Rolle | Rolle | Rolle | Rolle | Tensi | Idler_ | Idler_
cket r_1 r_2 r_3 r_4 r_5 r_6 r_7 r_8 on 1 2
X | =598 | -598 | 598 | -598 | -598 | 598 | -598 | -598 | —598 | =598 | —598 | -598
Righ 1,22 1,46 1,82 2,08 2,22
Y 0 220 455 680 915 640 | 1,606
t 9 4 6 6 5
Z 0 -160 | -169 | —=169 | =169 | =169 | —169 | =159 | -145 | —-10 5 5
X | =598 | -598 | =598 | -598 | -598 | 598 | -598 | -598 | —598 | =598 | -598 | -598
1,22 1,46 1,82 2,08 2,22
Left Y 0 220 455 680 915 640 | 1,606
9 4 6 6 5
Z 0 -160 | =169 | —=169 | =169 | =169 | —169 | =159 | =145 | —-10 5 5
d. E8H 3

2dol zt BREEo| ME HegS F&351% 20
=
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Revolute =QIEof| & =4
o AlEEol4 ae = =S
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« 3| HA AE HOolHE S| flsl HS2(otolofrt LFE 2o gael FM E
o
=

M Ez| &H| (WS-TAS1-STG, WS-ENG, Daejeon, Korea)ES MM

WS - TRS!

<2lb|2 Efelel FM "Hm E2| FH| (WS-TAS1-STG)>

<2lb|2 Efgle] FM Hym Ea| FH| (WS-TAS1-STG)Sl A &>

Features Value
Strain gauge Full bridge(350Q)
Excitation 2.13V(changeable)
Gain 125-9000(selectable from receiver side)
Operating temperature 0-10 to + 80 °C
Sampling rate 1.2kHz (Max)
Resolution 16bit (ADC)
Dimensions 40 x 41 x 18.30mm (adhesion flange
Weight 64grams
Recharge Power 5.0V
Internal Battery 470mA
Power consumption 0.5 W
c. BHIRIS A2 SEYEES e = U= 7[24Ho] Y AHo|7| wiZoll o4z ghotel AlFEt
= el ot s, 0 85101 &Y oA HAS =
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<HZAIE 7b MM olE{H o] A>

- 012 MM ASM Y W YT
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Rl

A0l FH[E MM ClE{HO|AE FHFot= dhot
I} CAN (Controller Area Network) S41=2 o|&8t S

—

=
T o o AA
Atel A A HHAHOAME HIE 2 AIZHA HE 2o E7tsY AR Httzden

—

of w2l =Xkl CAN S48 o|8ct ASAIAH” ILs sASUS.

| 2% SAE(Society of Automotive Engineers)2| J1

93
FHoZ MESI] ASSD US. J1939E E3, wA, FIH U 59

ESe, gl S KFol A
ECU(Engine Control Unit) ¥ M™AL Mo &=x[ Atole| &4 A#AS Helst UZ. J1939=

[
Zstn 9o, of ol A PotE SHY 4 Y= WA £33

o AxE ol
o= _é_EOI'—T'— PYS =

o HEAIAH s Fdsty| 2[5101 A ZZ|(QuantumX 840B, HBM, Germany) % GPS
(Global Positioning System) (Duro Inertial, Swiftnav, USA)E MA3SI¥US. GPS= RS-232

S22 0[85t0d AE7|et A= ACH, ECURFE HO[E S 2] 25t AF7|2f
HMES AZSIARS. ASALEe A FHd == ot2ff 282 &ol FHEUS
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ASAAY THE>

* CAN Hlo|H= 250,000 bps 2 M7Z5t0 =& =2A20{, CAN HO|HE =Zetet 2& A

= Ho|El& 200 Hz =22 MASI| 259 S.

a. 23l A= SH (36°5549.1°N, 126°37'57.3"E)0l I8t S EA WEolM A S
ANge +asIde. AUMES C Bl HHoR +UsAS
b. 25} AZAIEE 3.5 km/h =2 2 5.0 km/h ZZolAel Ftel mZolM k= AlEe
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78 FZ ALz
Sensor ARO0521 from ON Semiconductor
Resolution | FHD (1920 X 1080)
Camera
DFOV 5MP - 140.5° (with the lens provided by e—con)
Focus Type | Fixed focus
CPU 6—core NVIDIA Carmel ARM®Vv8.2 64 bit CPU 6 MB L2
+ 4 MB L3
NVDIA Volta architecture with 384 NVIDIA CUDA®
Single PC GPU cores
board and 48 Tensor cores
Memory 8 GB 128-bit LPDDR4x @ 51.2 GB/s
Dimension 103 mm X 90.5 mm X 34.66 mm
Power 10-15 W (9~19 V)
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(1) Xigzd Fe

1. TS(Total station) A|AH

g = = =
1 (0.3 mgon),
ANGULAR Accuracy 1 Absolute, continuous, |27 (0.6 mgon)
MEASUREMENT | Hz and V diametrical 3”7 (1 mgon),
5”7 (1.5 mgon
Prism (GPR1, GPH1P) | 1.5 m to 3500 m
DISTANCE Range 2 3 Non-Prism / Any R500: 1.5 m to >500 m,
MEASUREMENT surface 4 R1000: 1.5 m to >1000 m
Laser dot size | At 50 m 8 mm x 20 mm
Tl OMAP4430 1GHz
Dual-core ARM® Operating system -
Processor Cortex™ A9 Windows® EC7
MPCore™
Power Exchangeable : : _
management | Lithium—lon battery Operating time 8 — 10 h
Internal memory 2 GB | On field controller (Leica
GENERAL | Data storage | gnc51q 1 GB or 8 GB | CS20)
RS232, USB,
Interfaces Bluetooth®, WLAN
. Working temperature —20°C to +50°C
Environmental | fange P55 | 95%
specifications | pust / Water (IEC non—condec;{sin
60529) / Humidity 9
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