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The Implementation of Wireless Communication System by
Software-Defined Radio for Inter-Vehicle and Roadside Unit
Chi-Hung Huang
Wen-Tzu Chen
Institute of Telecommunication Management
National Cheng Kung University
SUMMARY

Under the fast development of computer science, the IoT (Internet of Things)
technology becomes more and more popular due to large demand for devices
communicating with each other through the Internet. With the rise of artificial
intelligence and big data, the hardware that can be applied to the Internet of Things
will increase. Besides IoT, Internet of vehicle (IoV) can also be a dominant role. In
this thesis, we attempt to design a wireless communication system for inter-vehicle
communication through the SDR technology (software-defined radio). The Internet
of Vehicle consists of roadside unit and vehicle side. On the vehicle side, we have
to use a lightweight computer as a storage space because the vehicle does not have
enough space to place a large number of instruments. Raspberry Pi is considered as
a better node to store the data, and it also has small volume and uses Linux
operation system. Through the on-board diagnostic system (OBD), we can read the
car information in real time and store the data in Raspberry Pi. Raspberry Pi has a
simple environment to program and also can build a stable and flexible
software-defined radio developing environment. Also, the Raspberry Pi can connect
to an USRP (Universal Software Radio Peripheral) B200 which is a popular type of
SDR devices. Through the combination of Raspberry, USRP, and 4G network, the
car information can be transmitted to the roadside unit, other vehicles, and cloud. At
the roadside unit side, we will simulate a traffic sign as a traffic light at the
intersection. Through communicating with each node, we can obtain the vehicle
status and the information of traffic light from roadside unit. In order to build a
stable communication system, we adopt very high frequency (VHF) band that can
provide appropriate features, including long distance transmission. In the system,
there are lots of nodes. In order to communicate in multiple nodes, we use
CSMA/CA as a communication protocol. The use of SDR in wireless
communication systems is the trend because of its convenience and flexibility. In
the future, one can make a more convenient and multifunctional wireless
communication systems via SDR devices.

Keywords: GNURadio, IoV, On-board Diagnostic, Software-Defined Radio,
CSMA/CA, Roadside Unit
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INTRODUCTION
Nowadays, many vehicle manufacturers are developing self-driving cars, for example,
Tesla, Toyota, and BMW. The vehicles are connected to the vehicle network through
sensing devices to achieve self-driving. Meanwhile, through the high data rate and large
frequency band of VANET, it can transmit content such as text, audio, and video. Through
SDR (software-defined radio), the carrier frequency can be adjusted by software rather
than changing hardware. If the signal transmits in high frequency, the signal will decay
drastically. In this study, we choose very high frequency as center frequency of the
communication system due to less attenuation. Traffic in real life contains vehicles and
traffic lights. This wireless communication system consists of vehicles and a roadside unit.
If we add information about the traffic lights in the system, the vehicle will know more
about the surrounding environment. In addition to using radio signals to transmit messages,
we can also upload vehicle and traffic light information to the cloud via a 4G network. In
this study, the system contains a vehicle side that can read vehicle data through the OBD-II
dongle and roadside unit which can simultaneously transmit traffic signals. In addition,
specifically vehicle values can be read by modifying the PID code. The study also uses real

vehicles to achieve real-world conditions.

MATERIALS AND METHODS
In this thesis, we use OBD-II dongle as an interface to read vehicle information. And then,
the information read from the vehicle will be stored in Raspberry Pi. The Raspberry Pi
contains SDR platform which is called GNURadio. Using GNURadio, we can design a
communication system to transmit the vehicle data to other vehicles and roadside unit. We
also use USRP B200mini as RF transceiver. The USRP B200mini can operate in wide
frequency range from 70MHz to 6GHz. We can arbitrarily adjust the carrier frequency
according to the demand. Raspberry Pi can also connect to the Internet through 4G
network. Also, Raspberry Pi can upload vehicle information to the cloud. As the results, the
Raspberry Pi catches vehicle data and transmits the information to other nodes in the same
time. On the other hand, roadside unit is constructed by notebook which also has SDR
platform. Roadside unit transmits the traffic signals to other nodes through USRP B200.
Roadside unit can also upload the traffic information through wired network or Wi-Fi to

the cloud. The data flow of study is shown as the following picture.
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Raspberry Pi USRP }? TX

Figure 1. Data flow between vehicle and roadside unit

Besides receiving and transmitting vehicle and traffic signals information, we can also
revise the PID code to get the data which we want to catch from the vehicle. We can even
get engine temperature, engine work time and vehicle speed from the vehicle. If we have
this data, we can catch up on the surrounding vehicle status and traffic light signals. To
integrate these functions, we need to arrange lots of USB port to connect these devices
which consists of OBD-II Dongle, 4G wireless network card and USRP. The Raspberry Pi
transmits the data through USRP, uploads vehicle data to cloud through 4G network and
catches vehicle information from vehicle at the same time. With these functions, Raspberry
P1i has heavy loadings and makes CPU in high load. In the study, we would find out how to

put these functions together in a suitable way.

RESULTS AND DISCUSSION
First, this system can capture real-time and real data instead of simulation data. Also, the
system can adjust the items which we want to read from vehicles. The data format can be
modified according to the needs. Second, we also have two types of nodes, roadside unit
and vehicle. In roadside unit, we design a cycle that can be used to represent the phase of
the traffic signal. To express the cycle of traffic signals, we use a variable to indicate the
current order. If the vehicle receives the information from the roadside unit, it will know
what the current traffic signal is. Third, we use a modulation which is called OFDM to

transmit the data. The modulation scheme has better performance in multi-path wireless
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environment. In order to receive and send information at the same communication channel,
we use CSMA as a multiple access protocol. Next, we also transmit the data to the cloud to
observe the real-time data from traffic light and vehicle. The following picture is vehicle
data and roadside unit information which we receive from vehicles and roadside unit. In
this way we can understand the status of other nodes. In the future, IoV will implement in

the real world. This study can be considered as a front work to catch the vehicle data.
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Figure 2. Receiving spectrum and data

CONCLUSION
This thesis combines a notebook computer, a Raspberry Pi, OBD Dongle, and SDR as a
vehicle communication system. The vehicle information is read by Raspberry Pi through
the OBD. At the same time, the information is transmitted to other nodes through the USRP.
At the roadside unit, the current traffic signal phase is represented by traffic signal cycle.
Meanwhile, information is transmitted to other vehicles via USRP module in the roadside
unit. In addition, the same communication architecture can allow vehicles and roads to
communicate with each other. In this way, the car and the road can form a communication
network. Finally, the vehicle information is uploaded to the cloud through 4G network,
which can increase the usability of the communication system and make the entire

communication system more complete.
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G gy FHY APREAF G ARAT A FCBEAFTEI AL
R RAA T LETI Rk AR ERE TR R
PP PR RE A 2 EE B R IR ERT PR FRE ZF AT

"

VLR TR o AT TR Y i il T R & ST 8 GNURadio 5 - B & 3 chfF
FRRE o b PR ARAF G TARR] 0 IR T P il 3T BORLGE B jTE R e
B miFH Y BT UERNA P RE R R e AT S F L B
BAFRARORREARAE > FFREF AL ERAT REXA > o7 12
—EARGEA S ARFFAT LA - SRR TSy i F
ERFImA LI FTRECREY -
QLI EHTAERAT PR TFER

BT EERT[O]E g RFE e~ B2 BEE Y ~ #irie = > U5
Bolortsd EH A EHMELAL F Il ¢ R SE L B R L (T
EH o B RE K AF UL R T e

SDR % ¢ ¢ 7 @M 7T & 34103 (RF Front-End) ~ 5" #c i & #% % (Analog
to Digital Converter, ADC) ~ #c i 5 ¢ & 4% % (Digital to Analog Converter, DAC) ~
¥ 4% ;% B4R [ L 7 (Field Programmable Gate Array, FPGA)/Z 2 B A T "giF & ~
> H 7 FPGA f F#cfEd Borg ond B ELRds > 7 A% 4255 404
SR~ PR~ AAF TS Bonrt i o B A iR ELeng B o S e g e B UK
A el B L B AR B o et e B AR
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FLFRENEE > ART W AL R A LB ENLEE B
USB g 7 112K * 7] &J2 B (General-Purpose Processor, GPP)¥ USRP } ¢
ARRTEE IR RBETLE R THRMIEART B4 ST

BT i -

Antenna

Radio i |
Front-End AL

Antenna Personal

v FPGA Computer
Radio
Front-End B >

USRP
Daughterboards USRP Motherboard

Bl 4~ fotl a8 AR F R[]

212 * NHEWIARATLXE

77 %t RF # e =490 * 4%l 48 5 USRP B200[10]r2 2 USRP
B200mini[11] » &~ ¥ r2i& {74 22 42 fcsn 1 3% & > Matt Ettus 2 B 3 4
Lo 0k ¥ & £ M7 GNURadio i& (7 fft&ew= 3 » & B4 7 USRP % 7] en
AR % & 4% RF % =5 73 8542 42 - USRP B200 /2 2 USRP B200mini 743 s
F $ B/ _TOMHz ¥] 6GHz crif £ > #r L 3 enfe B2 A B > ¥ b 3 7 %
Z 56MHz > #- BRFEFLEEAEE 7R ¥ FEAT - BANE > JH0F
PR RFEARE > LR B 522 B 6 5 USRPB200 2 2 USRP
B200mini ¥ #83% # - % 1 % USRP B200mini e*.4 » ¥ ¢ USRP B200 3 % &

Ettus =4 B 4 5 o

d0i:10.6844/NCKU201900950



% 1~ USRP B200mini 2 %.$2[11]

97 5§ B 70MHz~6GHz

. B % 3 56MHz

P~ f247 & (ADC/DAC) 12bits

EaF: § i1 Full duplex, SISO(1 Tx & 1 Rx)
RN - 61.44MSample/second(MS/s)

g $27,100 5%

& 5~ USRP B200

B] 6 ~ USRP B200mini
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2.2 Raspberry Pi
BAEEE B4R 5 0 5 {UHE /% (Raspberry Pi, RPi) % 3 #cdl3+ B 4 o
HIT¥ 4% Linux > d FREERAE ETRE > BEIRNEHE T F > AF

% “7ié * ¢f1Raspberry Pi 3 Model B+[12] » # # & 35 % ~ » d g7 3%

Elﬂ
[Eire

FEUEGAGILZE fd R REBFROT P T RT > R EFA A
7| % "a-Raspberry Pi3 Model B+ # 4% %k £ ¢ p # B 3 ek f7- R4 &
27 Raspberry Pi3 4ptt 4=k » AA 2 it *"“Wo\“]';'i”ﬁ ~ g g F7 o

Raspberry Pi 3 Model B+£2 i+ % iidp e > #&F = % USB 4 & » HDMI
B 4 > @ % micro SD % 2 #cix+ (Secure Digital, SD) 1% 5 % 3L 2 eniE 5
2@’ﬂ¥é*ﬁ@ﬁ&&%&$?u%ﬁ$3&£%%$oamwaﬁﬁ
Broadcom BCM2837B0 & % s JL B » $efta @ * ¢ * 12 2 24GHz ~ 5GHz
802.11 b/g/n/ac WiFi & % e §5 > WiFi BEAg et 325 BT e g ® { 4ok 2 >

Fy ke s KR A41 2 %3 BLE42 ) FT @ AEENT 2H ROV

’ﬂ“"f

G EFORS oMERAMFEEZE - RAPR G HF TG - KR
* sl EEY NG 45 0@ e o R ‘—F‘]Aiﬁél A2 o EPae 59 R3]
St o A R Lo RSl H@ER A > & L1 * PiCamera ¥ 11
PRAf R o M PR S S S e Thoo AITR RALD G o R IRA
£ * B R Linux ¢ 5t . Debian ~ ArchLinux ~ Ubuntu Mate % » % Sip &
Firefox ~ Chrome ~ KOffice % & * %8 » @ ¥ - L7 oA A% * 1 A
F¥ 3% 0 I B L 32 Python ehfF 3 %8 > 15 1F Python HFF # % 5

FOUADE BRI AR 0 BRI - Rk AR R R A DiEdE BT &

Raspberry Pi Model B+#F 4 ] -

10
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] 7 ~ Raspberry Pi 3 Model B+

2.3 & §# %7 % 5-OBD-II

BRLE S o B 1968 £ 8 L BRARSTT B AR A 4R o Y RS
TR SR R T SRR R A E A R E
BAHFLORE R S S EFEF ARG P 2T RRDE Y

B A RAsMRF - B RRASER T A 199 EEFAY L F TRA
Biedl 2 R & R0 Z Ao VBN DA DD 5 fufF e fAc K5~ D $
SuT A K S AKRREFZA MR FP G 7 OBD-1ed 148k 5 Ra
OBD-1 :& #25 $p 38 13%1 Al 3P U 2 @@1 IR AP R - KRR
T B Rt R B ERI B 2R 0 E 1994 & E WA T F
FRbh P REHI ALY hd POk SR AR RS Pk ety
B0 1996 # (5 A hB Rk &R - DR BRRT 1T BE R
BT R B U B B 0 SR P 4o 1SO 157654 [13]enR e » B B & 8
o SRBTN MR D BT AT D R R BRI B

%2 > OBD-II 2 #7241 B % ¢ % & CAN (Controller Area Network, CAN) bus ¥ 5 &

i

?%}fi@ﬁ%]fé’efr;ﬁ‘é MR LETUE (X208 2RI ARAFE R G

[l

Rk LA KB B R 2 B A RCE KR A e iR R SR S

o

F¢7 {#Emenfile - B8 5 OBD-II 2 ¢ #4425 » 156 OBD-1I Dongle ¥

11
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TR R BB RS e P R M TR

B 8~ OBD-II 2. 7 §8 4 5f

2.4 % JRiF i

BB AT 0 8D B T e 18 F § el be o AR B el
PETORIEER R > oy REFWMIBRART AR ARRAR S S F R
B R E - S PIRRBEL N AT AT B R RER X i
FEHUIAARTSHROBFRE > L7 TR TN E LA FMEE 1
B TR R Y ME RS FEFRERAAE TS FE AN A
SR pREL T e A > L EEBETEAL LT

P4 A KA T 2874 - 37 ¢ T8 3202 B4 BHTER
il % ¥i(Intelligent Transportation System, ITS) » H ¢ x 12 V2V~ V2[ 2 2 12V
WA G ER o 32877 & * 7 A & 2 (Visible Light Communications, VLC)F
P EZRBFOREEFALBE S S EOBD YT R B dmenlicdy 0 B

T RFER BN FEFEEL- A2 RFIRORREE ST PER

"

o

S 55 VLC % 2 e OBD Apf £ + ff9 7 0 VLC e ITS i1 i i o

L

o+

A e

ﬁf]'ga‘flj’i'l‘ OBD}’%_L" aﬁ-’? i a?lj’}r CAN bus 115f1€’7¢ﬁaﬁ A}I Féﬁxo

[
M

v

SN F IRA 0 AT [15]A & A BB fRen T AN B A 19 0 444 OBD
T M IR ) F B R T B R ERA ok
B r A L (Pl Bk R AR BRI R R VE) RS

e R R B A LR R SEE BB T AR KB 2L

b

4

R

Rl
5

12
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R AL E S > [16] R BB N AR H AP R A D R
B

T a5 oL o fe & o R RLEARP o @B ms A L5
DRt A His BREP PR FRE - ARSGRRISE S AL [1TR: B
i 43+ & (Mobile edge computing, MEC) ¥ 14 % £.5G & L i@ 428 ¥ L itir

A MU ET R R U A B AR RRRET TBREIREERR D
Bt o A REHROBFER AT i].*‘w?é FI* 7 A B ed > RE P4
R R R F e e K e (18] [19]7 FE Uk § £ ot
# (Carrier Sense Multiple Access with Collision Avoidance, CSMA/CA)> i i f§ H
B g RS F KB BEJI* p s pF 1 (Self-Organized Time
Division Multiple Access, STDMA) &k 3 4v & ST pFid 3 chie 4 > Fla i 3] i<
B S TR s TR A end Bl 2k s o

BTOREH I R TRE BatA 7 A 4502 7 [20][21]7 it # R dkcdp ke
4 % (In-Vehicle Data Recorder, IVDR) 4 St e & A e 7 e * ¢ * § (FE AR
MEWARE NS R R FEAY 0V AR PR S B R gy 5 W

Loh o BT £ 2000 £ F BT ARA T R enE RS A S 230.6 BE A

RS AL 4933 BEADIRD P BIEE GG 20%~65%4 g B
MeE L o d LTS RRNSEMIFLEF 1 B A2 R R D AR

I R B R Y B R 2 R R BT 0 B et R RE
AN ERPE R P [22]8- B RawT ] 0 58 OBD 2 fnF AL -
P EYVREIBERE > SEOBERE R OLFEL > LB d
Android % 5t i 3o d S RICET R 2484255 d JAVA fr C/CHole s >
ORI R A BRI L B R AR R N 3N g e R iR A 4
B 2B AR RTRSS N it HE R L A o ke
PG PERERBI RO SOREREFARE  WE A W IERERT O

FOLER ROARE TR BE o AR TR TR LT 0 P R (e

13
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/,a\,‘ﬁao
FAL[23]00 5 AT [24]0 @ CSMAUL iRl % & 55 iv8 ks
TT[23] B AT eF TR Lo ks BT [24] T HE R (vl

Fpifsg ion dAETRERY AAEE BT HT TE - BRIES

2

RHE SRR LR DET R F LE P RIGRDREL AL LR
E AR Bkl B2 BERHEED L TERL
Fir- ¢ ZRPIEENZ Dimha il s ¥R S LRk RD
éi?ﬂ’%z%%%ﬁJﬂ%&iﬁﬁ%@’uﬁﬁ$£mm?%ﬁﬁﬁﬁ’

T [23]2 3 4] HB B AT LRG> A g s KA (TG e
JAEAH D FALEARTE AT FTEFRBET AL S T
25 %

FIFLRYFHMIEARTT F2RAER A RAFIT UK F

WEEEAFRIFH > P PR i i s 27 o F
3‘;‘:‘ y — i&%'ﬂ_@'_pm}%wg\,

TA ME RS G F IR RBLL - TR > 580

oy
w)
g

TREFBBGROTAL Tl - 2T 2 AH GO A ARG - P P
45 1CANDbus 384 B Z & % 473 > OBD-IL 1% 2 @ 30 % 328 e i > 11 A4R
Al R E-d dmep B Bl > AT Y ¢ R 2 {1 Python A2 F PP 4w
T 2 o b P AE RRR IR G A nRT 0 B F R R T
FoWP AT AR NI AT EES N FREEFTL - - AP VbR
Bt g A ks EAPM e Rt s > B R T enig st A i L U ELE T

B oo

o

\.
o
ETTES

T

ﬁ

LR o A4 AW A AT RS SRR

14
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Bz 2% o MIBTRF 2 R Y OFDM (75 5= X » ¥ 1% 14 %
EREFP AEL NP RESF PRI g OFDM2 £ 8 -

o 2~ APRE Y Rt g

A [23] A [24] FHE
bR 160MHz 144MHz 140MHz
FHEEE FHRFR FHEW 42 8 OBD-II Dongle
VRARERT -
BAE R A FRE
FREE TEBE TEHE BMNERLEBE -2
mAEHE
RBEER ¥£8 HHE R HEMNERSEET -2
W AEER
ERENLE- 3 S UL L Script 7 | & 7L E Lt Python 47 | 8 o8 Python 47
e e o Flef EE 2N
RAEBRBTHEIE
7% LA AR
ol k4 GMSK GMSK OFDM

15
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AFEALRAHT AR PRI L2 LR {1 I ETRART T
o R E- BATERELGT oo T o e g AR 2 BRIAE > SERKE AR
B el 30T 0 7RGt (T B R LR BRI L 0 2 R T e
et AR & F LA SR #ﬁmé *EOR MR 0 BT R AR AR R
2P R REREE R

31 BwEH

3.1.1 GNURadio

GNURadio[25] % — & ¥ B /x4 » & @ = RF AL $:& (7 30 5Lendidc > g tg
HAPRE 5 M LR AT > R BESUER B2 R HOH R (7B
GNURadio ] * /n47 Bl % — 1@ B 2 ELeJ? 8 > BAg fecnid AR & &
- oAz ¢ » %18 GNURadio Companion (GRC) % i& iF» 4 = jr 2Bk X 7§ »

HERNATTFREBEEIRART B ITT TR AETRDB AT

—

3 A4 GNURadio T S 727 B % &t BE &7 k2 17}%@'55’&%? ol

T 5% i B R a Raspbian (7% k St PF 2 %5 GNURadio #1048 r v AftH i
¢ i T R AR T o GNURadio & gcff Rip4|H p a2 B A5
AR AN il B AT R B R A BAES 0 R fR E (R
TE AR o F B ARR K T = = 0 GNURadio &t ® &4 = &% 42 Bl 4P
o Python 4% > 7 Jifgd T o fiF 4 @ * » E &46F Python £25° T+ R

ZA RS P ERT U S SRR R Sl T

M

3
r A = e Python 4 ¢ ATH L4758 > AFA RHBE TR AT # ¥ —‘Lﬁzf
B C/CHARNE = p AR MR > AR A - BT > 45
GNURadio g %=+ o

GNURadio ci#. 8 d CH+#i2 = e1> #4]% Python i& 784 7 » SWIG *

16
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RiTL P ﬁz@ﬁvﬁr v = R CHHF * AT ERR R 2V 8 0 Python
FONR PR iR R 0 B CHH3t & USRP i 4% - Python i@ 3% 7 e efic
%“%ﬁﬂﬁﬁ@ﬁﬂ%‘%%é%i’éﬁ—%ﬁéi?GMRMM&%&
4 B 10 3 GNURadio P24 RI[9] » o o* 1 37 Fv v FEART L 3md g2 50 41
B 0 B &8 C/CH+14 2 Python sz V45 - Fri » R

P R H A A 0 FIUt A8 3 E# GNURadio ® iF 5 B4 chT & o

ol fubaneoruradicigre o * warisbles : * O
P =

Bl 9 ~ GNURadio Companion

Python Flow Graph

SWIG

C++ Signal Processing Blocks

USB2 connection

USRP

® 10 ~ GNURadio & 2 % {# HI[9]

32 AwWEH

AFLFARFFIRTA FET B AV EBRRTR ARG B R

17
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T L T SR R ST S =Rt
~ﬁ’5*ppiﬁﬁﬂ§gﬁ@&%ﬁ£“ﬂ BH e 7

Ll S SRR N
ERERTROT R RA%ERY 2 FEFALTA DR EFTHFIE &
B v e i3 OBD-11 12 2 USRP GR 3 A 34 5 4842 2 dmad 4% 18 i 2 P B~

iE
FECAMEE CBMFRUEAHTR LY FRTRREAREE

k3
¥

BT 0 £ 56 USRP #-2 il L1 7 s » At Rl R = > 755 s
SR AL LA A R 5T 0 BB R R A S AR R B 2

o4 B USRP B2 i Li8ehpfip i 2 R AN BT HFE > BE L1 o H

—

Bohd S AL BB REE  REAER TR R A PR T

WIS B R R K A A B 11 T o BRI KR TG K A o 12 9 o

Raspberry P1 3
Model B+

18
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B 12 Boipl % T2 % &

3.3.1 CAN bus
OBD-II # 55 + § 7 Fe f%renta 34 =% 2 & ~f fie 3 B[26] > 4o 13 #7577 -

d % ®T & 1 f2F7 15 € (Society of Automotive Engineers, SAE) #1737 2 3,12 >
T & = SAE J1962 ~ 2 ¢ » {5 ko A MR L E'f%‘« 2 SAE J1962 ~ i+ 5 A #

45

& 1 ISO 15031 2457 [27] > 1345 SAE J1962 % %£[26] > % 6 5L%ri=11 2 %
14 5L%riz 5 CAN bus 5L B gy crfie e > 2840 B o018 iy 4= % & 1SO 15765
Tt e B R R 1,3,8,9, 11,12 B %A Lk > uAIR-RT T

BEGRF P FERAERY > BT OBDZEME S [IH LB B Ha o

25 £+ 0,3 (access area)

10,5+0,15

24 +0,15

|

Bl 13 > OBD-II $% 57 4% %r

BAIBRRFRR L - BUAR T behRrRAERTY - 254 - Lk

19
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FAMA - PR RRIGRRY DERREI AT AT  SAERET Y A
Be? 4 AT RE RN Bk hf (TR g 2R e 413 28] - CAN £ - B
B AR o R gy o L bus 0 H0 2 Rt B F 2R B oRnTE
Ef ABRE S FEUE MEOBGE S FEORT IR AF 4
£ # % % (Anti-lock Braking System, ABS) & ﬁg,l i H 5 E T i IMb/s 0 Mk i
BB gE F B L 125kb/s o ¥ CAN B & 1 42 AL B enfh
LIRS IR ??jéﬁ@ﬁ%i TR BABALET URBFH B OE A
B KAl iE 150 B [29] o

4 Spannung

)
CANH

Recessive=1 Dominant=0 Recessive=1

Zeit{t)

B

B 14~ CANbus §]#* & if 813 4 g = 4

CAN eh® it £ d & Mo 2[30] % A F RN T 2L Ap ] B4
FE DT EAAPHRABAT 2 00 doB 14> B A ERE T %
*$W%ﬁ%%’F%*ﬁ%%?%iﬁ’Eﬁimmﬁﬂ%@wﬁﬁﬁx
EXFFH T RRORF] e Fob o At pp? B0 TR M 1 285 EE
FPROEBER BIIEETEALRAERS > g ERES AL BT
FRLOTHAR 2 BERL 0 A R L EREA B UL B

20
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Without CAN With CAN

ATFER G ATH hE B ﬁ%ﬂim&%fuﬁawéif
FEZE P EETEREOTR §ERSRREI TR AT LT RN E
F oo APECGTH B kY 5 01 2% S M R4 o o] 15 S o

CAN bus =g 1’:9?]_%1 AL 2 A ] * CSMA/CD (Carrier Sense Multiple Access
with Collision Detection) » %= i & 8L ¢ T Rl iR E F 5 w8 i, K- P

BRgagiened  *BER WG AR E BT §FREEL 28

-

R Ry R L 20 nd § AR g EATREZL[32]
DT RRE R RE AT REARSEP A R RS EHT R LR R R

At

[N

T3 S A A oy AR CAN bus $e B 28 it 53 ' 45 5
1 Flo & CAN bus et s Sip cnF AR L E* 2 BE T 2 & 4
7 B3R A [33]:

« {f =42 4>(Start of Frame-SOF): ¥ 1 1 - dominant(0) > * & # -

« 3% 4¥ (Arbitration Field): # 7r & Bheif-L4E > * K 2P| Wi L4 -

. #4149 (Control Field): # 42 T4 £ B R B frd Bk it 5 HB ¥ chin g

o

« #dpdF (Data Field): F 4 d T =P g Fflle s o

21
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« CRC #(CRCField): 4524 & -
* &% H(ACK Field): 3= it /7 > £Jcz8 i 40 1 =~ dominant(0) -

« 1 =% & (End of Frame-EOF):3 20 2 5% & & e i o

Base CAN data frame format

Arbitration field Control field Data field CRC field
(base) ID DLC Sequence -
I3 o|~ ©|r~ o
o @ =
BN ole|ElBlo|n|lc]|-lo|e|e 2| g|z|e -|o|E
Sl P2 == |=zl=l=zz8le & &) == ZE|=
&3 &|& G|6D|a &3 a|8
MSB (first bit transmitted) LSB

W16~ FHE T LW

Arbitration | Control Data CRC | ACK
Field Field Field Field | Field

B 17 FHEARSGE 7 LM

Bl 16 % & CANbus 4 3ip BEF A28 2 8 [ % chiz2die~/] > % F

FEALATR Y ZR AL G AR BT A TR RIS AT AR
Eoo

B % ¢ s|eptiE (Bus Value) & 5 & f85 4 4B E 2 — : Af |+ (Recessive)
& 'E M (Dominant) o A ifelE M ixfp PFBERE > BRI S E S BEEIAE L
HFE g s ek E (Wired-And)pF > B4E 0 2 A > B4E 1 R A B o

MTEAREBRINS mIRchEE o AR AR FE B BItA

1. # #“ ¥ (Arbitration Field)

FEERPMPE S BEREFBE L SELAW PP E - L FRL
# > =7 5 dominant(0)¥ A BE > F2 R6E - LR S
11-bits(Standard identifier)f= 29-bits(Extended Identifier) 72 = @] 18 5 11-bits

DE

22
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Nodelll - =l anilll T (iR
X

IsoFl o] ol 1|1 ]Jo]Jo]o| 1]o] 1] o |RTRlIDE|

Node2
X

lsorFlo ol 1|1 ]lo]olo|l1]o0]o]o |[RTR|IIDE|

Nodea] [ 8 N el e e e e e S
TX

|soFf o | ol 1]t ol 1 |l1]olo] 1| o |RTRlIDE|

Bus

| soripiol sl ips! 107! 106! 105 |14 | 103! b2 101 1100 RTR! 10E
Bl 18-~ kMt 5B & 8ka g g

Bl 18 ¢ 7 RTR (Remote Transmission Request) #] & ife & 2| %7e7 Tl dz
o2 F e w] > RTR=dominant(0) » # & T4 & & 4} » RTR=recessive(l) >
Al 4 ¢ & 34 F L o IDE (ID extension) : %% 4% ;% & dominant(0) ; &t ¥
7 5 recessive(l)
2. ¥ +#41# (Control Field)

A d 6B ard s P T HRER AFIes BA K (TLHHE
Y o T EDIERY LR A BT BTy o ik e

- Az B9 2 dIHE T LR -

Arbitration —- CONTROL FIELD L Data
Feld g Feld
or
" 1] DLC3 DLc2 DLCH DLCO CRC
Field
reserved Data Length Code
bits

B 19 ~ Canbus 414 7 & B

23

doi:10.6844/NCKU201900950



303 FHERAHY FH A 2 #hikA DLC

Data | DLC3 | DLC2 | DLC1 | DLCO
Len.

0 d d d d

1 d d d r

2 d d r d

3 d d r r

4 d r d d

5 d r d r

6 d r r d

7 d r r r

8 r d/r d/r d/r

3. #3%1¥ (Data Field)

BIppd FRF R P EFTREL TG 0~8 B E R
ke 77 8 e
4. CRC # (Cyclic Redundancy Check Field-CRC Field)

B R R (CRO) AT B 32 & T Pabhd % THAS fl 2f e
T HBREM - A3 B0 * Kk & SOF ~ Arbitration Field ~ Control Field
" % DataField #.% & 4 463% > B 20 = CRC -

15-Bit CRC Sequence

CRC
Delimiter

Bl 20 ~ CRC & 7|12 2 CRC A I§ ## #f ik ez =
5. ACK ¥ (ACK Field)
#t4 32 ycF| 7 fiee0 CRC B 7 ehi B & & ACK Slot » i =8 i% 1)~

recessive bit(1) » % £jczB & FEjc®]- B A > P A ACKSlot ¥ w g - B
% dominant(0) =~ » £ ri@iE=4 > B 21 2 ACK#+ LB -
ACK Field
le ol
I |
ACK Slot ACK Delimiter
B 21 ~ ACK ## 1 & B

24
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6. # =% & (End of Frame)
- @A 7 B erecessive(l) i T B AR 22 A
"

BR2 T REB
r———?m———j

B 22 ik T & B

3.3.2 Orthogonal Frequency-Division Multiplexing (OFDM)

T % &4 % 1 (Orthogonal Frequency-Division Multiplexing, OFDM) » # L & f 12
AP AT H DA A fe 3 e ohF L (Sub-Carrier) T 7 @ 3% > & gtk & fe i
R EE RGP BETER G R AR S G R 23 4 F o L TR RS
g“ A e A3 4§ pF FF (Symbol Duration) % £ » = ¥ 12 % M 5 £ BT P25 - OFDM &2
Brchadg 51 L 42 OFDM ¥ & 3 4L 85 & 2 f2(Orthogonality) > it 2
R > SR B 6T AT FRFBA ST ARE A B G SR
1 4pt OFDM e Bz i » fpple cnpF R 7 @3 { 5 anFHE o 4o
B 24 #t5% ° 4G-LTE ~ # =7 AR % F83 #& * OFDM ehgljie > A7 Foenid %
B oM B R BB 0 TS T B A RS R g

7 OFDM & #A 5 Hil 0= 2> k=5 4 % OFDM (¢ 5 B BE 2 B % 2 o
W il 5%

it

i : ! : ! , a

® 23~ OFDM # 47 & H[32]

25
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135 % % I enfe s @ix > F) G g fRamk
5V IR GBELF S gk OFDM 7 fa ik chif st > M B A
a3 BR3P R2 T L2 0 2 AFMERR Y ek 5B
FRRT R AP OBES S REEFAF 0 T Lp e TR FFT £ & RRE

Y R R ch o] o BP MG AR RS 5L o

34 BRFTREERTR

SABENRITE LY 2 BTG AR B o #7A 03 §H¥E § OBD
HT K 0 At - ki@ @40 ATE AN 591538 OBD kB d dmendp M TR 0 A
P& md A AL ke 7 05 B (Time) ~ # 4 454 :# (Revolutions
Per Minute, RPM) ~ & 2 & -] p# &% §_f§ L8 (Mile Per Hour, MPH) ~ & /i %
(Throttle) ~ 3 §* £ (Load) ~ ¥4k & (Fuel Status) ¥ - 2 &% A &k 5 7 &c 59 & 5
RATEAPETRT] DI LR GBS 2 g3 R BT &l
LR S SN LE EE TERS T B 2t S IO
BMERACD S eeplon 2w dE s 2 e B RSoR BRI PR il o A

B4 F 2 5481 7€ Python A28 7 1 3E H 3 AR M e E 0 R 2 ARk 4 e
b3,

2

RERHS THEREDGE R IRET R R A G T L

Az (e R R DR B 25 5 OBD 28 fmh it bk o
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Time,RPM,MPH, Throttle, Load, Fuel Status
13:25:34.865934,1886,34.8042262275,40.0,87.8431372549, 0200
13:25:35.750118,1910,35.4257302672,40.0,88.6274509804, 0200
13:25:36.645314,1964,36.047234307,40.0,86.6666666667, 0200
13:25:37.508568,2011,37.2902423866,40.0,86.6666666667,0200
13:25:38.376865,2070,37.9117464264,35.6862745098,71.7647058824, 0200
13:25:39.235908,2101,39.7762585457,24.7058823529,41.9607843137, 0200
13:25:40.105863,2109,39.7762585457,21.568627451,28.6274509804, 0200
13:25:40.941742,2121,39.7762585457,12.5490196078, 9. 80392156863, 0400
13:25:41.773439,1425,39.7762585457,12.5490196078, 30.9803921569, 0200
13:25:42.616174,1218,39.7762585457,16.4705882353, 26.6666666667, 0200
13:25:43.459129,2019,39.7762585457,19.6078431373, 22.7450980392, 0200
13:25:44,298127,2421,39.7762585457,20.0,22.7450980392, 0200
13:25:45.141567,2421,39.1547545059,25. 4901960784, 42.7450980392, 0200
13:25:45.993046,2464,39. 1547545059, 25. 8823529412, 41.9607843137, 0200
13:25:46.840760,2507,39.7762585457,27.4509803922, 49.8039215686, 0200
13:25:47.679187,2554,40.3977625855,27.8431372549,49.8039215686, 0200
13:25:48.526710,2593,41.640770665,27.8431372549,48.6274509804,0200
13:25:49.365514,2640,42.2622747048,27.8431372549,48.6274509804, 0200
13:25:50.213161,2664,42.8837787446,27.8431372549,50.9803921569, 0200
13:25:51.56386,2691,42.8837787446,27.8431372549,50.9803921569, 0200
13:25:51.894269,2699,43.5052827843,27.8431372549,53.7254901961, 0200
13:25:52.742595,2718,44.1267868241,28.2352941176,51.7647058824, 0200
13:25:53.581669,2738,44.1267868241,28.6274509804,53.7254901961, 0200
13:25:54.428792,2769,44.7482908639,28.6274509804,54.9019607843, 0200
13:25:55.275724,2777,44.7482908639, 28.6274509804,52.9411764706, 0200
13:25:56.119030, 2789,44.7482908639, 28.6274509804,52.9411764706, 0200
13:25:56.961669,2816,45.9912989434,28.6274509804,52.9411764706, 0200
13:25:57.805572,2832,45.9912989434,28. 6274509804, 51.7647058824, 0200
13:25:58.643876,2855,45.9912989434, 28.6274509804,51.7647058824, 0200
13:25:59.491731, 2875,45.9912989434, 28. 6274509804, 52.9411764706, 0200

Bl 25 - OBD 3 52 fgenF i fh

FHEGHMIEAANT > BEBERNE N AL 53 BI = BARE » - #

Ho B R RTH FRREERF R RERKRFL R %W
B2 R BERAETA B B A e M E g A o B RpEE B
RUPIEFT AL I fm > RO R B LT TR WL i,
BERRE R IRFLPF T F AT A A ARk
BT I E R R B B R EEER R  HRE Y
ERIBER Eﬁ% BEY B ARFAIALY c FME S Ba B ERpE
- %

Ev
o
—_\
118*
H’

i

BAWMG A Bapkin s 2 0 d 3 BT A AP LG BT L Bk
45 7 A BHTE T L B AR 0 2 I PR S R

BE T o FRERDEE L 24 ) FahF o TR RS BN T
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B ST A R TS i
A I YT [T

$E—EFEREFIRE SR AR AT « ERRE A SR EE T « EAFET A B A

itk el L BEE] |3EAH |WRe |HoEdTE |[NAE |iERR [BFLE |SHE |EIE |24 |
5019301 1| 100) 20 0 30 1 36 31 3 2
$019301 00000100 1| 100] 20 0 30 2l 36 31 3 2
$019301 1| 100) 20 0 30 3l 28 26 0 2
5019301 2| 100[ 20 0 30 1] 36 3l 3 2
5019301 |0100-0600 2| 100{ 20 0 30 2l 36 3l 3 2
5019301 20 100f 20 0] 30 3 28 2 0 2
5019301 3| 100] 20 0 30 1] 36 31 3 2
5019301 |0600-0700 3| 100] 20 0 30 2l 38 3l 3 2
5019301 3 100] 20 0] 30 3 28 2 0 2
5019301 4| 120 0 0] 30 1] 43| 38 3 2
5019301  |0700-0815 4| 120 0 0 30 2| 43| 38 3 2
5019301 4] 120 0 0] 320 3 34 30 0 )
5019301 5| 120 0 0 30 1] 43 38 3 2
$019301  |08150845 5| 120 0 0 30 2] 43 38 3 2
$019301 S| 120 Q 0o 30 3l 34 30 0 4
$019301 6] 120 0 0 30 1] 43 38 3 2
$019301 |0845-1145 6] 120 0 0 30 2 43 38 3 2
$019301 6] 120 0 0 30 3 34 30 0 -
$019301 7| 120 0 0 30 1] 43| 38 3 2
5019301 |1145-1230 7120 0 0 30 2| 43| 38 e 2
5019301 7120 0 0 30 3 34 320 0 B
5019301 8] 120 4] 0] 30 1 43| 38 3 2
$019301  |1230-1315 8| 120 0 0] 30 2| 43| 38 3 2
501930 8l 120 0 0 20 3 34 0 0 4

%
35 AmimEE
351 T
AP SiE OBD # v B2 73l 0 Ao USB &% i - £ 350 Ht

F % ? e Python 8B~ 3 ¥ 35 B dmends L T3 > 487 k5 d USRP B200mini
BEI T AIRREAE N AL A G LR s AR RIEE S
%ﬁrj B AT PP ’“ﬁp,tﬁ‘;% v - BLIR T S 3 USRP B200 24 5
USRP B200mini #5383 2, & T ENFBEIHL I FPRFEEF RPER
MR AR B R TINE A LR SET ALY B2 b R EROARN T

PEE ARG FRAREFTEFL L LA FHE R e
B 26 #7177 °
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(730 ¢ 12 Roadside £ log #h 7™ 584 3% » & @i¥ 342 23§ 2 GNURadio
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2R

i—? Ei 3;#, e
TRAF 5

-26 1

AR B e 3
A7 Bl 4o @ 29 #ror 0 A

% 100kHz » =

7 OFDM % i% 34 2.

FHAEE > £ 4 USRP B200mini &

B3 ;“ # FFT size = 64 > occupy carrier

Lig* 53 % > & B+ Lk QPSK i g2

< §_USRP B200 i# 1%

< % 5 140MHz » B~

"

TEHEET

L

™ 3 8 47 % > OFDM subcarrier spacing (Fsc) = sample rate / FFT size =100kHz/64

=1.5626kHz > Bandwidth = occupy carrier x Fs =
*E < )

% 82.8125kHz -

53%1.5625kHz = 82.8125kHz -

Options Variable Variable Variable Variable Variable Variable o
1D: tx_ofdm 1D: fft_len ID: samp_rate ID:length_tag_key ID: packet_len | | ID: header_mod ID: payload_mod D rolloft
Title: OFDM Tx Value: 64 Value: 100k Value: packet_len Value: 96 Value: <constellation BPSK= Value: <constellation QPSK= Value: 0
Description: Examp...nsmitter . ) ) -

o — Variable Variable Variable Variable

Import Import Import ID: occupied_carriers ID: pilot_carriers ID: pilot_symbols ID: header_formatter

Import: random H Import: tagged_straams Import: numpy Value: [-26,-2...24, 25, 26] Value: (-21,-7,7,21) \fal.ll.le: (1,1,1,-1) Value: <packet_header_ofdm=

) Variable Variable
File: . sktop/final/carN txt

ID: sync_word2
Repeat: Yes Stream to Tagged Stream e Value: [0, 0,0, 0,0, Packet Header Generator Virtual Sink
Add begintag: ) Packet Length: 95 T — Formatter Object: <p...fault= Stream ID: Header Bits
Minimum: 0 Length Tag Key: packet_len Length Tag Name: packet_len

Maximum: 255
Num Samples: 1k
Repeat:Yes

Chunks to Symbols
SymbolTable:-1,1

Dimension: 1

Virtual Source
Stream ID: Header Bits

Virtual Source

Stream ID: Payload Bits =l

Chunks to Symbols
Symbol Table: -707...07.

Length tag name: packet_len
Packed:Yes

107mj

Virtual Sink
Stream ID: Payload Bits

Repack Bits
Bits perinput byte: 8
Bits per output byte: 2

Virtual Sink

Tagged Stream Mux
Lengthtag names: packet_len

Stream ID: Pre-OFDM

]

Virtual Sink

OFDM Carrier Allocator
FFT length: 64

‘Occupied Carriers: [-..., 26]
Pilot Carriers: -2...7,21)
Pilot Symbols: (1,1, 1,-1)
Sync Words: [0.0,...0,0,0]
Lengthtag key: packet_len

Virtual Source
Stream ID: Pre-OFDM

Virtual Source
Stream ID: Time Domain

FFT Size: 64

Window:
Shift: Yes

l_|—>|

FFT

Forward/Reverse: Reverse

Num. Threads: 1

Multiply Const
Constant: 50m

Tag Gate

Single Key:

31

Propagate Tags:

No

Stream ID: Time Domain

OFDM Cyclic Prefixer

FFT Length: 64
CP Length: 16 UHD: USRP Sink
Rolloff: 0 Samp Rate (Sps): 100k

Length Tag Key: packet_len

Throttle
Sample Rate: 100k

ChO: Center Freq (Hz): 140M
Cho: Gain Value: 60

ChO: Antenna: TX/RX

TSBE tag name:

QT GUI Time Sink
MName: Scope Plot
Number of Points: 1.024k
Sample Rate: 100k
Autoscale: Yes

%] 29 ~ fﬁ}f" —L)rlkﬁg_ﬁ
B ce8 B 2 %5 USRP Je F|2U 552 {4 > % i OFDM 23 » . {4 #-{2 3| ¢ log
FHE T EFR FRER B AR R AR 30 H7oF o
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UESCHPUO: CRa TN TECEVET

‘Generate Options: WX GUI

Maximum: 255
Num Samples: 1k
Repeat: Yes

Packet Lengt
Length Tag Ke

ID: samp_rate ID:sync_wardl
Value: 100k

WX GUI FFT Sink
Title: FFT Plot

UHD:USRP Source
_| samp Rate (Sps): 100k
ChO: Center Freq (Hz): 140M
| €ho: GainValue: 40
ChO: Antenna: TX/RX

Virtual Source
Stream ID: Header Stream
ength: b4
Virtual Source
Stream ID: Payload Stream

Virtual Source
Stream ID: Payload IQ

Sync Word 2: sync_word2
Header Modulation: BPSK
Payload Medulation: QPSK
Rolloff length (samples): 0
Log Debug Info: Yes

A2 5 OFDM #fcsh 2 @ i
<+ Yt FFT size & 64 > occupy carrier &

QPSK 733 % 2 5 iJ2

Sample Rate: 100k
Baseband Freq: 140M

¥ per Div: 10 dB

¥ Divs: 10

Ref Level (dB): 0

Ref Scale (p2p): 2

FFT Size: 1.024k
RefreshRate: 15

Freq Set Varname: None

FFT
FFT Size:64

Window:
Shift: ves
Num. Threads: 1

FFT

FFT Size: 64

Variable

Value:[0.,0.,0.,0.,0

Forward/Reverse: Forward

Variable

ID: sync_word2
Value: [0], 0}, 0], 0, 0j...

FFT length: 64
Cyclic Prefix length: 16
Threshold: 900m

Schmid| & Cox OFDM synch.

Packet Header Parser
Formatter Object: <p... fault=

Number of data symbols: 1
Maximum carrier offset: 3

Force One Synchronisation

£

OFDM Channel Estimation
Synch. symbol L: sync_wordl
Synch. symbol 2: sync_word2

Variable Variable Variable Variable
ID: occupied_carriers ID: pilot_carriers ID: pilot_symbols ID: header_equalizer
Value:[-26,-2...24,25,26] | | Value:(-21,7,7,21) | | Value:[1,1,1,-1) Value: <OFDM eq. . simpledfe=
Frequency Mod
Sensitivity: -31.25m >

Symbol: No

Header/Payload Demux
Header Length {Symbols): 3
Header Padding (Uncertainty | Symbols): 0
Items per symbol: 64

r Constellation Decoder
Constellation Object: ..0=>

Guard Interval (items): 16 -
OFDM Serializer

FFTlength: 64
Occupied Carriers:[-..., 26]

Length tag key: frame_len
Triggertag key:
Output Format: Symbols

Length Tag Key: frame_len
Timing tag key: rx_time A -

Repack Bits
Bits per input byte: 2
Bits per output byte: 8

FFT length: 64
CP length: 16

.

Window:
Shift: Yes
Num. Threads: 1

rdf : Forward

enter Frequency (Hz): 920M

(Hz): 2M

Constellation Decoder
Constellation Object:..0>>

%

Wigthe

OFDM Frame Equalizer

T<gnura..981ell>>
Length Tag Key: frame_len
Propagate Channel State: Yes
Fixed frame length: 0

Packet Length Tag Key:
Rate: 100k | OFDM Frame Equalizer Y
Special Tag Keys: FFT length: 64 Symlbols skipped:0
Carrier Offset Key:
CP length: 16 File Sk
—b-l Equalizer: <gnura...981cc>> File: _esktop/final/txttxt
Length Tag Key: frame_len - Unbuffered: On
I Propagate Channel State: Yes Annend filexo
Fixed frame length: 1 OFDM Serializer

FFT length: 64
Occupied Carriers: [-..., 26]

Stream CRC32
Mode: Check CRC

Wi

s> C:

B
B

3

32

140MHz » B~ 45 =

Length Tag Key: frame_len
Packet Length Tag Key: ...len
Symbols skipped: 1

Carrier Offset Key:

Length tag name: packet_len
Packed: Yes

Bl 30 ~ HEzh 2 AR R

% 100kHz > = i

263 26 i * 530 > = B = % 12

S R
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SIEFAFTZF T FHELAAMEM > JHEHEF IR LT N TR R
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HR A 32 457 0 A S ER A S Rl o R 8 R L

B 32 B2 RFNFFEE 2 ()2 §F- (b)2 45=
41 gz BRIEEZFTR

411 2 impaTRIL

hiEFR T CE T o AR R D iﬁaﬂ\ﬁfﬁﬁ%& » 1% 3 OBD-II
Dongle ¥ 1 4RB~ i T &2 B 4RF N o — B ARB D E FRRE A
B o~ PR AR SRR s H ekt kAo 34 0T o
Y SR F TR B 2 B[ FATRG LA
GO RO TEFESCRSY 0 T 4 F 56 Python A2 TR A U
oM RauEp RABIRT N BN - AdF iR BT LRI F
BEFFiz  vUFRANE- €7 92 108 I mFA - B2
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Time, RPM, MPH, Throttle, Load, Fuel Status

22:34:35.574820,750,1926.66252331,0.0,0.0,0D41110E41044E41030200
22:34:35.718382, 750,1864.51211933,0.0,0.0,0D41110E41044E41030200
22:.34:35.846989, 762,1864.51211933,0.0,0.0,0D41110D41044E41030200
22:34:35,.974062, 787,1864.51211932,0.0,0.0,0E41110D41044E41030200
22:34:36.86282,762,1864.51211933,0.0,0.0,0D41110D41044E41030200
22:34:36.198333,762,1864.51211933,0.0,0.0,0D41110D41044E41030200
22:34:36.310576, 750,1864.51211933,0.0,0.0,0E41110D41044E41030200
22:34:36.421360, 750,1864.51211933,0.0,0.0,0D41110D41044F41030200
22:34:36.533557,775,1864.512119332,0.0,0.0,0D41110D41044F41030200
22:34:36.645570,775,1926.66252331,0.0,0.0,0D041110D41044F41030200
22:34:36.757765,787,1926.66252331,0.0,0.0,0D041110D41044F41030200
22:34:36.869814, 762,1926.66252331,0.0,0.0,0D041110D41044F41030200
22:34:36.980787,750,1926.66252331,0.0,0.0,0E41110D41044F41030200
22:34:37.92806,737,1926.66252331,0.0,0.0,0D41110D41044F41030200

22:34:37.205031, 750, 1926.66252331,0.0,0.0,0D0411160D41044F41030200
22:34:37.317063,775,1926.66252331,0.0,0.0,0D411160D41044F41030200
22:34:37.428028,787,1926.66252331,0.0,0.0,0D0411160D41044F41030200
22:34:37.540065, 762, 1926.66252331,0.0,0.0,0D41110D41044F41030200
22:34:37.652283,750,1864.51211933,0.0,0.0,0D041116D41044F41030200
22:34:37.764309,750,1864.51211933,0.0,0.0,0D0411160D41044F41030200
AN =D A-DT OTFEONA TED A08A CADS4A4AO09% O 6 6 6 O0O6DA4A4A4A60RAA0AAC A4 06920900
Bl 33~ F SR e T
FRm "”f '__LPX"IL 533?,%’&7 iﬁb"} :‘p',;lli.&/ef’_\" ) ]g\q‘gl?glﬁguﬁ jl‘«fl

BER BPE IR R FREEF DA S g FL 4

O PID #5[35][36]2- {5 » 31 F PR 1 2 51 FERIF R &5 ARG

TR VA B BEHT UG Y o PID i BT B B Aot s T o Bl

%ﬁ%wwﬁ§ FHREFERLF ¥

BF @@?J‘ «"’Kg R BRaph AL > FPL L0 7 EE B ERAHA KR
¥ o

ﬂ
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B
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IRy
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e

AT FUABERAED RIEE B L B RER DRI ARR o ¥ o 4o 5]
FEREAFT N Ewd il T TRy 2R EDERT T N § g
A F A A LRBRL A A ERNT o FIPRE L B gm0 BB D s
HERAY AR E &g o TP A (TP b r i2A K o

Bhod dEerE o 50 ETEADRL R AT BEAN R TR g
o LEERET O ARNUER I FEE B g WP SFRER CFER
PEREMLARIER b H ﬂ&HD“i%% ZF M BRI TER
7
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File Edit Search Options Help

Time, RPM, MPH, Throttle, Temperature, Engine Time
Caril

Car ID:ACE-1988

Time:15:21:57.616241

RPM: 650

MPH: 0.0

Throttle:2.35294117647

Temperature:188

Engine Time:515:21:57.759025

Bl 34~ F %2 RMEFALEE

412 BERIZEFHTARIEL

AT o QAL ABE L A RHBIIBRMZ S8 LR FRS
FERCILEIEOP F o ERE - RF IR PR RAR TR RIEE 2
LUHREFAR > ZEREFE 120 F A EGEH BRSER 0 T
Fop o A FRE SR O SIEES o7 A BRSO B e R
AT F LA b A BRI R T B E o R AT ESE S R ek 58T 0

FPEIR N AT P o d AT e DI AR kP D o

05 2 BRI A
iEE  HEIER JEF Btk AR

1 1 120 838 £143
1 2 119 &37 g142
1 3 118 836 141
1 4 117 &35 £140
1 5 116 834 £139
1 ] 115 833 £138
1 7 114 &332 g137
1 g 113 &3l £136
1 9 112 &30 £135
1 10 111 829 £134
1 11 110 &728 £133
1 12 109 g827 £132
1 13 108 &126 £131
1 14 107 8825 £130
1 15 106 éﬁ24 %IZQ

~

ll';ﬁ';l E‘J _%_’H%,J g E%‘F]‘/“ mé"—i 31 up:um ﬁ.%;u ’ T' P\':' Eﬁiz’-‘i ‘E %;up:\_;mf‘ pu‘ '\:E] I?’
Tk BAEE RS BRIER NUL RN S S e 35 40T - Bl T g

F’University Red Light:’, 42 # & ~ 852 p =0 3 %% i§# 42 ) » *Victory Green

36
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Light:’, 36 % 2 ] p 5% 36 4) -

EZE(F)

{REH(E)
University Red Light:', 42)

('

('victory Green Light:', 36)

('University Red Light:', 41)
('victory Green Light:', 35)

('University Red Light:', 40)
('victory Green Light:', 34)

('University Red Light:', 39)
('Vvictory Green Light:', 33)

('University Red Light:', 38)
('Victory Green Light:', 32)

('University Red Light:', 37)
('Victory Green Light:', 31)

('University Red Light:', 36)
('Victory Green Light:', 38)

('University Red Light:', 35)
('Victory Green Light:', 29)

('University Red Light:', 34)
('victory Green Light:', 28)

('University Red Light:', 33)
('victory Green Light:', 27)

('University Red Light:', 32)
('victory Green Light:', 26)

('University Red Light:', 31)
Bl 35~ B RIAR ol 2t
Bl EE R BB B e e fino R B dea 50 R MR
2B FILRLRIEE B TRER B BRI TN RN AR 36
Aror o0 Ho¥ C.’rﬁﬁi.@tﬁﬁk%\f’"'ﬁﬁ O HRASFVUFRET T o5 A F
BB N U BIR L SR 2T M S AR A F R BRI B
Wi N Btﬁ" Mg T RUEBLIEIT I LW BRSO & :E,'ﬁg])x
SR VIR BiR i (e dkiE o
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ERSA SIS 58

‘ff]‘ﬁz"‘

m (OBD-PID)[36]

Mode | PID | Data bytes . L
B B, o Description ¢
(hex) | (hex) | returned

1 01 00 4 PIDs supported SR IS S
Monitor status since DTCs

5 o1 o1 4 cleard.(Includes malfunction | p ¥ %7¢cl5 % i
indicator lamp(MIL) status ",’f fe & AR A
and number of DTCs)

3 01 02 ) Freeze DTC QR iy S

4 01 03 2 Fuel system status Rk SUR R

5 01 04 1 Calculated engine load value | 3% 31 & § j= &

6 01 05 1 Engine coolant temperature CLR L L]

7 01 06 1 Short term fuel % trim-bank 1 | T&Hp 725 &5

8 01 07 1 Long term fuel % trim-bank 1 | & # %55 g

9 01 0A 1 Fuel pressure T R A
Intake manifold absolute e

10 01 0B 1 EFEE R
pressure

11 01 0C 2 Engine RPM 51 5 4

12 01 0D 1 Vehicle speed B i

13 01 OE 1 Timing advance PR
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Mode | PID | Data bytes L -
e s Description v P
(hex) | (hex) | returned
14 01 00 4 PIDs supported SR IS S
15 01 10 2 MAPF air flow rate ZH e B E
16 01 11 1 Throttle position aF Py
Commanded secondary air Al 2 &z 58
17 | o1 | 12 1 Y A
status %
18 01 13 1 Oxygen sensor present 4 B ERL
Bank 1, Sensorl: Oxygen FFOBRER
19 01 14 2 sensor voltage, short term R 2P ”*#»""ﬁ
fuel trim P
20 01 1E 1 Auxiliary input status LI U R
—— . 51 8 o ds iF (7 pE
21 01 IF 2 Run time since engine start e
Distance traveled with Fe b dp BT
22 01 21 2 . 20
malfunction indicator lamp e
Fuel Rail Pressure (relative to | ¥ 7é #uig & 4
23 | o1 | 22 2 - ure (relative to | 78 Fuig & < (4
manifold vacuum) HRXBEZD)
Fuel Rail Pressure (diesel, or | %/ fuig /B 4 (%
24 01 23 2 ! . . 11( . ‘lﬁ% (
gasoline direct inject) MR E )
25 01 24 4 Equivalence Ratio Voltage FEVRR
26 01 2C 1 Commanded EGR AR F Ak
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Mode

PID

Data bytes

F 5 Description ¢S
’ (hex) | (hex) | returned P -
27 01 2D 1 EGR Error B TpTR A
Commanded evaporative e
28 | o1 | 2E 1 P prdlEE
purge
29 01 2F 1 Fuel Level Input ey S 31?‘] »
Distance traveled since codes | £ 7 ",’Tf g2 7
30 01 31 2
cleared e S
31 01 32 2 Evap. System Vapor Pressure | 7 it /& *
32 01 33 1 Barometric pressure F B
W] (TR A
33 01 3C 2 Catalyst Temperature @ ( )
B R
Monitor status this drive AR SRS 1Y Hp R
34 01 41 4 -
cycle A
35 01 42 2 Control module voltage oA R TR
36 01 43 2 Absolute load value GEifE
37 01 44 2 Command equivalence ratio | 741 % & +*
38 01 45 1 Relative throttle position HEEF Py
39 01 46 1 Ambient air temperature YREZFRA
F¥ S PR
40 01 47 1 Absolute throttle position B ! * =
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Mode | PID | Data bytes e s
B 5 vt Description ¢ L
(hex) | (hex) | returned
41 01 4C 1 Commanded throttle actuator | 4p 4 @ F* 3 {7 &
5 B IR B iE (7
42 01 4D 2 Time run with MIL on T
pF
Time since trouble codes
43 01 4E 2 [R5 iﬂi“ﬁv‘. P R
cleared
Maximum value for TEWERAE
equivalence ratio, oxygen FERTER
44 01 4F 4 sensor voltage,oxygen sensor | /B » 7 ¥ g H
current, and intake manifold T B EE
absolute pressure A
Maximum value for air flow _
; kKpzFFER
45 01 50 4 rate from mass air flow ,
Eand % ﬁx = @'_
sensor
46 01 51 1 Fuel Type b fARE
47 01 52 1 Ethanol fuel % T pg R
Absolute Evap system Vapour | & ¥ 728 & sLZ
48 01 53 2 P
Pressure AR
B R BREAR
49 01 54 2 Evap system vapor pressure Zl m
Short term secondary oxygen | ‘& = %3 B
50 01 55 2 ) yoxve ke =
sensor trim bank 1 and bank 3 | & ﬁ{ﬁ;}é
51 01 59 2 Fuel rail pressure (absolute) | %% #uig AR 4
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Mode | PID | Data bytes
F 5 Description ¢S
’ (hex) | (hex) | returned P -
5 o1 SA . Rel?t‘ive accelertor pedal #Fl ¥Froc i =
position A
Hybrid battery pack RE R P A
53 | o1 | 5B 1 YOre DAnEy P Redr et
remaining life =
54 01 5C 1 Engine oil temperature 518 R
55 01 5D 2 Fuel injection timing Eh e B AR
56 01 5E 2 Engine fuel rate SLEF 7 5
Emissi i ts t S FTE A S
57 o1 S ) @1531on r‘equl.remel‘l s to | Rk
which vehicle is designed *
53 o1 61 1 Dri\'Ier's demand o Fad Ul A
engine-percent torque ER Av\ v
) P - AER i
59 01 62 | Actual engine-percent torque e
60 01 63 2 Engine reference torque S 54 e
61 01 64 5 Engine percent torque data 51 By
Auxiliary input/output B i~/
62 | o1 | 65 2 1 MpHYOHP WL
supported #=
. %ﬁ‘?g_}_ 7‘}4 m i~ EFE_.L_ Ig
63 01 66 5 Mass air flow sensor
E®
64 01 67 3 Engine cooland temperature | 5! &4 #ri% f &

63

d0i:10.6844/NCKU201900950




Mode

PID

Data bytes

B 5L Description v
’ (hex) | (hex) | returned P -

65 01 68 7 Intake air temperature sensor | & § £ B @ =
Commanded EGR and EGR | ##14 # 5%k &2

66 | 01 | 69 7 = % » R
Error B F VTR AR K
Commanded Diesel intake air | 4374 % & & §

67 01 6A 5 flow control and relative I 1 S R A
intake air flow position Ty
Exhaust gas recirculation

68 | ol | 6B 5 s Bk 1R R
temperature
Commanded throttle actuator

6 | 01 | 6C 5 | control BHBOATE

GARE iR
and relative throttle position
o R A gk

70 01 6D 6 Fuel pressure control system | ® &
Injection pressure control PR BT 4 ]k

71 | ol | 6E 5 JCETORP FHES £
system o
Turbocharger compressor B 3R R R 45

72 | o1 | 6F 3 . Set Comp Fing R &R
inlet pressure W TR

73 01 70 9 Boost pressure control HREA £

14 o1 71 s Variable geometry turbo w %‘ JRRICE
(VGT) control Bk

75 01 72 5 Wastegate control = W kil
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Mode

PID

Data bytes

F 5 Description ¢S
’ (hex) | (hex) | returned P -
76 01 73 5 Exhaust pressure g RS
77 01 74 5 Turbocharger RPM DR R RS 1
78 01 75 7 Turbocharger temperature TR ER AR
. o1 - 5 Charge air cooler temperature if% IR LS
(CACT) phiA
Exhaust Gas temperature L
80 | o1 | 78 9 P PFER
(EGT)
8 B R B U
81 01 TA 7 Diesel particulate filter (DPF) sg/ N *
PP
Diesel particulate filter (DPF) | % /& it 38 g
8 | 01 | 7C 9 1 b (DPE) | & i A k&g
temperature TR R
£ A
83 01 7D | Nox NTE control area status .
4% Bk
Py R
84 01 TE 1 PM NTE control area status .
WA R A
85 01 7F 13 Engine run time 51 5 18 e
EEE B R ket Ul
86 01 81 21 Engine run time for AECD . SRR
B
87 01 83 5 Nox sensor ¥ P RRE
88 01 84 Manifold surface temperature | #t ¥ # % i§ &
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Mode | PID | Data bytes
Fr 5 Description v
’ (hex) | (hex) | returned P -
FRE IR - I
89 01 85 Nox reagent system " "
AT A b R R
90 01 86 Pariculate matter (PM) sensor qj -
PP
o1 o1 o7 Intake manifold absolute W E G R
pressure 4
92 02 02 2 Freeze frame trouble code TR IR
93 03 N/A n*6 Request trouble codes B R
lear touble codes/
clear ou.ec‘o ?S ;Fi“ﬁ%é’zfﬁg%/él\?
Malfunction indicator Lok i
94 04 N/A 0 , RIRE /M B
lamp(MIL)/Check engine e
light =
05 09 o1 K VIN Message Count in i—”' e Bl AR
Command 09 02 i %
Vehicle indetification
9% | 09 | 02 5x5 ER TP
numbe(VIN)
97 09 04 varies calibration ID I ]
98 09 06 04 calibration e
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Vi =

Ber b FEP "R (c ) %R cFE
1 120 % 38 = 43
1 119 B 37 = 42
1 118 % 36 = 41
1 117 % 35 = 40
1 116 i 34 iz 39
1 115 % 33 - 38
1 114 3% 32 = 37
1 113 3% 31 iz 36
1 112 3% 30 ix 35
1 111 3% 29 = 34
1 110 % 28 iz 33
1 109 B 27 - 32
1 108 % 26 K |
1 107 3 25 = 30
1 106 i 24 = 28
1 105 % 23 x 28
1 104 i 22 . 2
1 103 % 21 = 26
1 102 3% 20 =+
1 101 %19 - 24
1 100 3% 18 . 23
1 99 %17 i 22
1 98 3% 16 21
1 97 15 =20
1 96 3% 14 = 19
1 95 %13 = 18
1 94 3% 12 = 17
1 93 3% 11 - 16
1 92 3% 10 = 15
1 91 %9 - 14
1 90 % 8 = 13
1 89 %7 - 12
1 88 % 6 - 11
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10

H

H

% 38
% 37
% 36

35
3% 34

33

32
3% 31

30
3 29
3% 28
3 27
i 26
3% 25
3% 24

23

22
3% 21
3% 20
3% 19
3% 18
3% 17
3% 16
3% 15
% 14
%13

ek

ek

Pk

=79
= 78
=77
= 76
=75
=74
=73
R
=71
=70
= 69
i 68
iz 67
iz 66
iz 65
iz 64
iz 63
= 62
6l
i 60
=59
i 58
= 57
iz 56
iz 55
=54
= 53
=52

87
86
85

84
83

82
81

80
79
78

77
76

75

74
73

72
71

70
69

68

67

66
65

64
63

62

61

60
59
58
57

56
55

54
53

52
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1 51 = 51 % 12
1 50 - 50 % 11
1 49 = 49 % 10
1 48 = 48 %9
1 47 = 47 & 8
1 46 = 46 & 7
1 45 = 45 % 6
1 44 = 44 % 5
1 43 i 43 % 4
1 42 i 42 % 3
1 41 41 %2
1 40 = 40 %1
1 39 = 39 % 3
1 38 38 W 2
1 37 = 37 w1
2 36 = 36 = 79
2 35 = 35 = 78
2 34 = 34 = 77
2 33 - 33 = 76
2 32 e 32 = 75
2 31 = 31 - 74
2 30 = 30 - 73
2 29 = 29 = 72
2 28 - 28 - 71
2 27 = 27 = 70
2 26 = 26 = 69
2 25 - 25 = 68
2 24 - 24 = 67
2 23 23 = 66
2 22 i 22 = 65
2 21 = 21 = 64
2 20 =20 - 63
2 19 =19 = 62
2 18 218 - 61
2 17 = 17 = 60
2 16 = 16 = 59
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2 15 - 15 = 58
2 14 - 14 - 57
2 13 - 13 - 56
2 12 = 12 = 55
2 11 - 11 = 54
2 10 - 10 - 53
2 9 = 9 = 52
2 8 =8 = 51
2 7 =77 i 50
2 6 6 - 49
2 5 =35 r 48
2 4 4 i~ 47
2 3 3 = 46
2 2 Kud = 45
2 1 = 44
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