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Abstract: This paper not only describes the design of a central overhead ETC lane and the 
lane controller, canceling the traditional Lane rail to achieve a transparent ETC to the user, 
but also effectively solves problems of congestion. And by optimizing the internal structure 
of the ETC baseband circuit, this paper uses the FPGA technology to achieve the 
international standard of B baseband codec - Manchester codec. 

1. Introduction

Compared with the traditional manual charging method, ETC system reduces the manual
transaction link, the vehicle through the toll station time greatly reduced. However, the ETC system 
also has some shortcomings. Such as the current lane detection sensor equipment accuracy is not 
high, there is misidentification of the situation; if the deduction is not successful, easily lead to 
congestion and so on. 

In this paper, by analyzing the current situation of ETC system, the ETC lane of automatic 
railings is demonstrated, and the key modules and baseband codecs in ETC system baseband 
circuits are realized by using FPGA technology with rich logic resources and high real-time 
advantages. An M-sequence verifies the correctness of the design. 

2. ETC System Design

In the ETC system, the most important is the on-board equipment (OBE) and roadside unit
(RSE), both in the ETC signal transmission, processing plays a decisive role[4]. In general, the 
functions of the vehicle equipment include signal transmission, signal processing, account 
management, identification card read and write functions, in which the signal transmission and 
processing by the baseband circuit. The function of the road side unit mainly includes signal 
transmission, processing, and signal modulation and demodulation transceiver, the signal 
transmission processing also rely on the baseband circuit to complete. Both the on-board device and 
the roadside unit baseband circuits contain two important blocks of High-level Data Link Control 
(HDLC) and baseband codecs. 

(a) Realization of Lane Controller Based on FPGA
It can be seen that the excitation source is the state of the vehicle in the lane controller. The

signal that can be recognized by the system is whether the OBE and RSE communication are 
successful and whether the lane controller can fully identify the vehicle label and whether the 
system can deduct the cost. These three conditions determine the signal indication of the lane aids. 
Designed based on Verilog HDL hardware programming language, the above three conditions as 
input to the signal signal of each device as an output. 

This is the result by using Quartus II 8.0. According to the simulation chart, we can see that the 
lane controller can be used to control all kinds of lanes. 

88

Journal of Electronics and Information Science(2017) 2: 88-92 
Clausius Scientific Press, Canada



3. HDLC D

As a b
non-coding
synchronou
transmissio

(a) HDL
Accordi

structure, c
the sender 
Serial and 
and genera
after the tra
of the send

(b) Impl
Since th

the state m
need for H
describes t

(c) Verif
Since th

frame and 
data transm
the sender 
original da
3 shows th
can be seen

Design and

bit-oriented 
g, high rel
us half-dup
on, it is wid
LC internal 
ing to ETC
can be analy

is the first
parallel con

ate the CRC
ansmission 

der. 
lementation

he data strea
machine is c
HDLC protoc
the key mod
fication and
he main fun
receive the 

mission, the
structure fr

ata. Figure 2
he simulatio
n, the sende

Fig.1

d Related M

protocol, 
liability an
plex and f

dely used as 
structure 

C system b
yzed HDLC
t from the C
nversion, th

C code, and
to the baseb

n of HDLC 
am flows in
controlled. R
col within t
dules within
d Simulation
nction of th
post-resolu

erefore, in th
rame structu
2 shows the
on waveform
er and receiv

1 The contro

Module Imp

HDLC (A
nd efficient 
full-duplex 

a standard.

baseband ci
C mainly in
CPU data s
hrough the 
d then the st
band circuit

Protocol in 
nternally, it i
Regardless 
he various m

n the agreem
n of HDLC 
he advanced
ution frame 
he simulatio
ure is succes
e simulation
m of the rec
ver data is c

oller emulat

plementatio

Advanced D
t transparen

data comm
. 

ircuit and 
ncludes the r
stream store
state machi
tream into t
t coding mo

FPGA 
is serially c
of how to c
modules to 

ment FPGA 
Protocol C
d data link
structure. T
on, the send
ssful, and w

n waveform 
ceiver of th
consistent, p

tes the wave

on 

Data Link 
nt transmis
munication,

advanced d
receiver and
ed in the re
ine to const
the "0" ope
odule. And 

converted by
control the 
achieve the
implementa

Controller 
k control pr
This paper d
der and the

whether the 
of the proto

he protocol 
proved that 

eform 

Control) p
sion. Espe

so in the

data link co
d the sender
egister, and 
truct the pro
ration, the 
the receiver

y the corres
state machi

e processing
ation and de

otocol is to
does not inv
 receiver to
receiver can
ocol contro
controller. 
the design i

protocol ca
ecially for 
e ETC sys

ontrol prot
r two parts,
then the re

otocol fram
standard fra
r is the reve

sponding de
ine, and ult
g of data, th
esign. 

o send the 
volve the ph
ogether to te
n correctly 

oller transmi
From the tw
is reliable. 

an achieve
high-speed

stem signal

tocol frame
, the role of
egister data

me structure,
ame format
erse process

evice before
timately the
e following

constructed
ysical layer
est whether
analyze the
itter. Figure
wo pictures

e 
d 
l 

e 
f 
a 
, 
t 
s 

e 
e 
g 

d 
r 
r 
e 
e 
s 

89



4. Baseban

In this 
pseudo-ran
encoded, a
Mancheste
outputs the

(a) Func
The co

baseband 
"00000000

Fig.2

F

nd Codec 

design, w
ndom seque
and the divid
er coding , 
e encoded re
ctional simu
rrectness is
circuit sen

0". The Mod

2  Protoco

Fig.3  Prot

we divide t
ence genera
der module 

The Manc
esult. 
ulation 
s still teste
nds four se
delSim simu

l controller 

tocol contro

the design 
ator module
divides the

chester enc

ed here us
ets of para
ulation of th

transmittin

oller receive

of the en
e generates

e system clo
coding mod

ing send-re
allel data, 
he transmitt

ng end simul

er simulatio

ncoder into
s the M-ran
ock to obtain
dule encode

eceive veri
"1010111"

ter is shown

lation wave

on waveform

o three mo
ndom seque
n the requir
es the M r

fication. T
", "1011111
n in Figure 4

eform 

 

m 

odules, in 
ence that n
red clock fre
random seq

The transmi
11", "0000
4. 

 

which the
needs to be
equency for
quence and

itter of the
00000" and

e 
e 
r 
d 

e 
d 

90



Figure 5
sent the fo
not an erro

5. Summa

In this p
of the vehi
by using F
of the des
improveme

5 for the rec
our groups o
or, the baseb

ary 

paper, the E
icle. The ke
PGA techno

sign is veri
ent of ETC 

Fig.4  S

ceiver of th
of data, and
band circuit 

Fig.5  S

ETC lane wi
ey modules 
ology with 
ified by an
system, and

Simulation o

he simulatio
d CRC chec
design is co

imulation o

ithout autom
and baseban
rich logic re

n M-sequen
d it has cert

of transmitte

on map, we 
ck to 0, ind
orrect. 

of Receiving

matic railing
and codecs o
esources an
nce, which 
tain applicat

er side of ba

can see tha
dicating that

g End of Ba

gs design ca
of ETC syst
nd high real-

is of refer
tion prospec

aseband circ

at the receiv
t the data tr

aseband Circ

an greatly im
tem baseban
-time advan
rence signif
ct and high 

 

cuit 

ver received
ransmission

 

cuit 

improve the
nd circuits a
ntages. The 
ficance to 
practical va

d the sender
n process is

e traffic rate
are realized
correctness
the further

alue. 

r 
s 

e 
d 
s 
r 

91



References 

[1] Ishikawa, Toru.”New advances in Electronic Toll Collection (ETC) systems” [C].15th World Congress on
Intelligent Transport Systems and ITS America Annual Meeting, 2008.

[2] Marco Amorim, António Lobo.Optimal location of electronic toll gantries: The case of a Portuguese freeway
[C].Procedia-Social and Behavioral Sciences 111 ( 2014 ) 880-889,2014.

[3] Nowacki, Gabriel, Niedzicka, Anna.Polish Research on the Subject of Electronic Toll Collection [C].Warsaw,
Poland, Motor Transport Institute, Jagiellonska 80, 03-301, 2011.

[4] Analyzing Performance of ETC Plazas Using New Computer Software.Comp.in Civ.Engrg,2001,15(4):
309-319.

[5] Yan T. The Development of ETC and its Problems[J]. Radio Frequency Identification Technologies &
Applications, 2009.

[6] Yao W Q, Zhou W. Design of FM0 decoder in ETC[J]. Electronic Design Engineering, 2011.

[7] Sánchez S, Criado R, Vega C. A generator of pseudo-random numbers sequences with a very long period[J].
Mathematical & Computer Modelling, 2005, 42(7-8): 809-816.

[8] Wang D, Song X, Zhu S, et al. The Experimental System of GNSS-based ETC Applied in China[J]. Lab on A
Chip, 2012, 12(3): 464-473.

[9] Wang-Cheng H U. Design and Implementation of Contactless IC Card in the ETC System for National
Standard[J]. Microcomputer Information, 2009, 366(1):114–121.

92




