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ABSTRACT

In this paper, we designed and implemented a high-speed DAQ(Data Acquisition) multi-interface system for
in-vehicle network communication in UDP network environment based on 10 Gbps optical network. The
system solved the bandwidth problem caused by increasing various sensors and large-capacity image data for
the convenience and safety of smart vehicles by configuring a 10 Gbps optical communication network and
integrated various types of serial communication methods used in each domain inside the vehicle into a 10
Gbps optical communication gateway through FPGA. As a result, transmission speed is improved with the 10
Gbps optical communication gateway, and the complex harness structure in the vehicle is simplified, reducing
vehicle weight to improve fuel efficiency. In addition, it is expected to bring the effect of reducing costs by

simplifying the production process.
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Fig. 1. Example of in-vehicle network configuration

(E5) Universal panel
e Universal motor




E2/10 Gbps HEAIT 71uke] A=k Wi 314 DAQ HE|QlE| o

L
3
ek

24

CAN, FlexRay, MOST, O]EM)%M A= g)ck
519 2ol ] AF9] o @ AlLE 2ol Al ZaE
58 Ay El%ﬂr %EPSJ.

2.1.1 Local Interconnect Network

LINS 245k W55 Adshe ] 2ke] 4= 9
3 Jie 2E W EY =3 2 eFo|t)k 40me] B~
Zolof|A | 19.2 Kbit/s®] BAS A|Hsk= @l
4 A dES)a ZREgelrh AgHe] 7Y
715t Aol AAgtel wet A2E 4 vEg=
o) el o3 Ao, Ao wel, 2904,
A g g A $13F AAAQ] MEN = &
A AT,

LIN YESf=Z= shte] vhay] keop 2 79
LIN-SlaveS- 7|8k 2 3}, LIN-Master+ 3]-‘/} o)Ak
o] vlg] Aol ~AEH
28§54 AR she) LIN Zaj9e & o

o] dje} SR A= 9k sﬂtib Kels
LIN =lxgo]| o] d4s]= uhd, S5 shie] =
4 LIN-Slave 3= LIN vh=g] zpAlol 93] 2153
ey

2.1.2 Controller Area Network

CAN:Z vlola 2 Ege|e} A2/} $2E F57E
ol Mz efZelAloldd} SIS 4 JwE AdA
2 3k Alzsle) A7 AlelE EeA o2 A)9ls)
WA dlolE] Mok WATHE AW A Lze o]
L AVEA olellA] e A e AHg
¥ T2 eF szi B|wA wE YEYTS EA
o B3 A 0F A% U R slolo] FAL of
85101 A15)49e] Foluleh CAN

E9Fo] 93] 945 Ax= dubd oz qlzl A
o];(]—;‘q /q]/q 0ﬂ7—o]]o]51 ] ILE% tﬂ-z]/\]/\al =1 7]5].
Alek=]olel. CAN Bl kT IAE EZgAA,
CAN 71EE2| 4 CAN E‘%H*]HFE’— &3l wzel o
A=, 7 e vAAE Blla jESs g QAR
FAlel Bbe = lek AR e S TR
wlA7e] $41491% el DAY} He 8
9] eo]e] HM FAE,

L

I

O

2.1.3 FlexRay
FlexRay—~ X-by-wire A]2~8#l¥} 7+ 714 d|o]E]
5 878hs o Aol lEZEAelE S8 A
71]% U AgF A BAl ZReTo|n], ARl R skt

PFeat olEAle Alga) cheka dhel o) g

& AFEhs A A f‘f-; 5 9lom, e YES
oA gl T o] AES x|sl= Ha= Ake
%= 9t} FlexRay S H83Hs #4F Alof |25l A}
Al Ale], vie] 2 3] EH Q] A 2H], X-by-wire -3
o] g, tdFE 10 Mbiyse|cH?.

F

2.1.4 Media Oriented Systems Transport

MOST (Media Oriented Systems Transport)+= A}
B3 Aldolld HA3R a4 delviee] dlole] A
5o 9 ME T /)% A W mE o] 8
ool ARgE 4= girk A2 MOST Hi2e= dlo]#]
A EERA = 8] BEZRX|9} F7)4 dHely &
A1-& AF8-3}0] POF (Plastic Optical Fiber) ¥+ 7]
A=AE S5 2re, vite, 54 2 Holy 4%
= Ak

MOST V|E$ == 2 647112] MOST A& 3
& 4= glom, Fea = Eo] 7e-E A3
A2 S A sk AR 5 Sl v
A TR EEI} v]asiA] Serb Ao 150Mbit/s =
whE S 7R Qe

2.1.5 ol

ot Ul V| ES|F0l| A% 7]71Ee] afat wiA
Xél Ao F45 7L AE Zhell dlolE S Fat

T UESE ezl A FAIO R IT Ak A
Hl}oﬂﬂ ARE T glom, FHTolle ks B4 vE
A= 8= 9l o]eule 100 MbpsellA] 100
Gbps7HA| % gAfo] 7Fs38las, Ao 2E IT 4t
JollA AR Fel FFoR 28] glo] 7]
7] 7ol Z3hAe] Frh= o] olrh

ARs Aol Bol7hs AR 7)) theFalAwA]
EZL%HZM 37, cdddlele] 2 A4 HlolE M-S
b 2p2F Ul A Ef) T+ W v E) 52 AlF
el oleh wEk Au| s EHjel g AR
2 B4l Z2 o] B3l wE AR 4]
b Sehe-E Afuiele] 183k A4S 918h arrl
7]eo] QA qlrk
—L, 1’41%0 A7} 7yssta 717] 7 33 2
A vESZ B3 FAECR AR o]
Ti‘bﬁ o] SHda 2 B3 GAE T
714 W g EESE #1E A 9lek dd 2}
b AVEIE 71 A5l 77 ME ot v E
A=z 7es ALste] AAREe R A== Al A
B, bl A, -8 2 v AR Fo] whgk glo]
BE 2502 A% 9 AMelsta olvk 3t ohuz)

ox fo
o et =
N

_)LFU
E FO

[o ¢

Lo

18
S

l‘

E

£
o
O.h Y

44
>._\4
mlo

T

437



The Journal of Korean Institute of Communications and Information Sciences "23-04 Vol.48 No.04

3D ZHlEl ®, AARE 947 A1, o5 Z19] A A
28 5o Jlsedd= Agsta Qlth. BMW=
ODB(On-Board Diagnostics) 7J9E]E o]tjylog
W7ste] et 22 a9 qlule] B Axkem o]Hyl
71eg Ak R o g s7ts)] b 9)37, Continental
ARz 71E AEF VB =39} o]edle] A5d 5= ole
ol Ao ESe] A5 #leYstar A=k v E9 0|
ojtfuls A-g3kar glrk

2.2 Az LR HE3 78 58

Al AFEAfl = 2 AREelA] ARl 0] 27]
7kA] F 50~2009] 7He] ECUZ}F AR a2 9l.om, =}
53 2l 79l ECUQ| AMS- Rlxe} $2F
o] A4 Skl St

] Ak - §Al ZREZS CANS A
shar glont, At AR 7] vhekstR QIgk
A 71 2 dAdlelE] AE 55 flgt Wl g F
I =2 A vEYa o7} Srskar slvk o
45 dlelelE $1sk A E A v|ES AR <ls)
o] CAN FD A==} x}2kg olrjule] 7 &
3 glen, 2bEat H A GAE FASE s N
Wt el whE EESP)F AlEE A gl

212k Y3 Y| ES)= 7148 LIN, CAN, CAN FD,
FlexRay, MOST, o]tjul Exlo] ¥&3l= ez o
Aw 3 gl 53] oty $A1S er]eymr] L Hlo]
B ASE AR R A BE dYex] site] 213
=gl 2eF R An]A meelS sl wiEe
2 ] 8= gt

2.2.1 ojcl Sulef FH

g gellx] F2 ASEE Al ZREEE
LINZ} CANo|H, 54l £290] Z712 <l FlexRay
2} MOST, LVDS 59| Alo] &85 0] AH8=]aL 3l
o} o]FA wd ARF Wiiellx 8= vhE Al
IREEZS BEHeR Fiel] f13 §Al 7leel
Fashl Hglew, olul e 8 St Al
=L glek

ApES ot FAle] T8 Ao {iA AT
AT e frdd e =Ehe A3 g Aol
F3de] Frke Zlelrh

AAe] Hefoh oS 13 At A B A
o} qlzEEE aajtee] datdelE s 3t
L glel AEAal AFsA M ESa FEEE 8
= WIS AU 5 gleng, a7 29} 3lo] oy
Yl 7Rk} Wit + she] meel Alo|Egle] AL

438

Central Gateway

.
i Ethernet
Domain Domain Domain i .
Gateway Gateway Gateway | :
[ ECU ] I ECU | ] ECU ‘ ._E:L;r;:c{':
o] [ev] [v] e

a8 2. A= i =S =] st
Fig. 2. In-vehicle network changes

= s an el

2.2.2 ®zk f & Sl Hel iF

A & Ao AlRE TR AsA) 7]se] Z1E
shA] FA1717F ehekstE o] Absak ol Al~E 3]
2o} Areko] Zrtslal gt HE|vt]o]e] tiekst
2 7] 58l W dlolele] ke AR ol
EA 7148 7B, 100 Mbps2] 57 F53 A
A =GR A S5 V8N 94 2 He|
v AR Qlsll 44 Gbps o]e] AF S5 T8
2 3l glek Ak 2 glolr] Al o x4
MB®] #AlF HolelE 3 2 A5t A&
7Ne] #ol Alxe} 27)e] J4 A S 2+
2] 7, ok AlA dlelelE A 313} Aol A
thfolof sk dlo[e|ofo] =k 2 1 GBell o] &

Gbps o]Ake] A% Lo #7] AL A] o]
Z A|AE- $1%F EMC(Electromagnetic Compatibility)
A ew Ae AAspr) dasict ool vha) % 54l
2= HA} o] =8| oIS ukA| ¢ TR e
A5 o olvk w3, A= A A vjeE) A
2] 1/5~1/109] 73l axk= xjeke) o] Azt
2peE W mol=A el Tgo] Foh

g 3 AT Abs A A AlxEe] 717
HIE &g deojels Adsla, AriHes 54
Gbps o8] 14 AF £55 873 Zo|th

o] Ap=E WellA] ARgElE theksla Haljh
A} A 2~gl2 Adze] ool oS ofsf Wk
39l eFEE AHEke] SUFE o & 35S
daw 3 ®lok 2elER 3 FAlew AEF Uiy
HENZE 3P, Solvhs g5 g3 &
L, A=F W xeo|=Ad e qlgk A7 A5
AT EAd 5 ole] AR HAH S
Pl ek

X

-

o2,
Lk
4 H

o



3=%/10 Gbps

R

HEAY 719e] A % 14 DAQ WelRlEse] s T

M. AlAH MA 3 78

High-Speed DAQ HE|SlEjdlo]~ 5L I 3
3t ko] Ao} ek 1:Ne] 34 el elElso]~
Al 913l 10 Gbps FEA WIEAZE AR,
A9 gAo] 7hsslEE A 9 FsE 9k

3.1 High-Speed DAQ HE|QIE{HH[O|A ZE AHA|

High-Speed DAQ X-E2] PCB (Printed Circuit
Board)= 17 49} Zrow, 12ve] AHS1E Fulsied
AR$3l= PMIC (Power Management Integrated
Circuit)e] A9, Xilinx A2] FPGA, SFP+R.%, Al
A9} A== Molex A9E] 2 ZE ~9]2]9} LED
= At

FPGA AIZ& xilinx A} Kintex 7 A9
XC7K325T AFoz A5kt o] AE2] Data
Ratex= 6.6 GB/s°|], 167H9»] Transceiver2 74 =|

o] qlth AF 2He ¥ 13 2k
-« #= 10G SFP+ <> Air Sensor(x1)
10Gbps
b g o < LiDAR Sensor(x1)
High-Speed . E—
emp umidity
DAQ Module « » )
as Ultrasonic
Sensor(x6)

4 » Force Sensor(x4)

¥ WebCami(x1)

a7 3 Asd AR
Fig. 3. System configuration

a2l 4. PCB ¥4
Fig. 4. PCB shape

E 1. Kintex 7 FPGA A& Al
Table 1. Kintex 7 FPGA product specification

Parameter Value Units
Number of Logic Elements 326080 LE -
Number of IjOs 500 IjO -
Operating Supply Voltage 12~33 v
Operating Temperature -40~100 °C
Mounting Style SMD/SMT -
Data Rate 6.6 Gb/s
Distributed RAM 4000 kbit
Embedded Block RAM 16020 kbit
gzzg;lllgl, Operating 640 MHz
Il;Iﬁ)Tll()ser of Logic Array 25475 LAB )
Number of Transceivers 16 ea

32 MM Al U B4 Z2EZ o

3.2.1 MM Al

tlole] =4S flate] & 29} 3] 570 FFel Al
Aok 170e] 7S ARgslslem, Alxe 19 59 3F
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= 40003 ZER A=)

-

F 2. AlX AR
Table 2. Sensor specification

Catalog | Product Name Specification
Humidity Resolution : 0.01 %
SHT3x-DIS .
Sensor x Specified Range : 0~100 %
Force Zero Offset : 300~700 mV
Sensor TE FX29 Full Scale Span :
enso 3800~4000 mV
LiDAR TEmini Plus Distance Resolution : 5 mm
Sensor u Frame Rate : 1~1000 Hz
Air Detection Range :
SM-UART-04L 0.3~10 pm
Sensor .
Resolution : 1 pg/m3
Ultrasonic URM37 V5.0 Resolution : 1 cm
Sensor Accuracy :1 %
USB Logitech HD 1280 x 720
WebCam C525 Autofocus
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Fig. 7. Sensor data ICD
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Table 3. Test result of humidity sensor
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Table 5. Test result of LIDAR sensor
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I 6. Air sensor A3 Az}
Table 6. Test result of air sensor
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Fig. 11. Received real-time video
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