136

ELECTRONICA ETELECOMUNICAGOES VOL. 5,N° 2, JUNHO 2010
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Abstract’— DSRC (Dedicated Short Range
Communications) is a well known widespread technofyy.
One of the main applications of DSRC is RTTT (Road
Transport and Traffic Telematics), especially EFC
(Electronic Fee Collection) on tolled roads, bridgesr tunnels.
Other vehicle-related applications had been envisag, such
as car parking or fuel refilling automatic payment. These
applications were successfully developed, deployadd are in
current use in Portugal. Especially for EFC, medium acess
control is of utmost importance. In this paper it 5 presented
an implementation scheme for the MAC-layer of the BE
(road side equipment), suitable for low-cost micraantrollers,
to operate between the two equipments (as figure 1), and
also the MAC layer of the SPI connection, of the tw
Microcontrollers present within the RSE. The result is
interface software that controls the referred commuication,
embracing hardware and software into a join solutia. This
hardware works with both transfer rates, the LDR (Low
Data Rate), the current technology and the MDR (Medim
Data Rate).
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Figure 1 - Practical application of the project.

I. INTRODUCTION

technical issues, such as the Standardization Earop
Committee.

Nowadays, Via Verde, which is an EFC (Electronie Fe
Collection) system, uses is a DSRC (Dedicated Short
Range Communication) system, in the RTTT (Road
Traffic and Transport Telematics) environment, blasa
LDR (Low Data Rate) transmission, with a data rate
approximately 32Kbits/s. There are also other péwer
data signaling rates such as MDR (Medium Data Rate)
with data rates of approximately 256 and 512 Kbits/

This work is part of a larger project which aime th
construction of two compliant units: an OBE (On Bba
Equipment) and a RSE (Road Side Equipment), using
MDR data signaling rate, according to the European
Standard EN 12795[1] (released by the Standardizati
European Committee) and using the know-how of the
existing technologies already in use. The purpdsthie
work is to improve, and probably replace, the éxist
technology. This allows the technological unifioatiof
several countries under the same working patteire T
advantage is the usage of this service withoutnted of
hardware changes, i.e., the user can travel inthal
countries using the same tag for electronic tolinpent.
There are also other applications, such as the dodl
parking payment and also a new project the eleictron
license plate, also known as e-Plate.

Definitions:

* Downlink: is the communication channel on
which fixed equipment transmits its information.
Public and Private Downlink windows are
distinguished by their information, Public if it is
generic information and private if user specific
information is present. Using MDR, the data
signaling rate is 512 Kbits/s.

Lately the world has witnessed the phenomenon of

globalization, political social and economical ches have
happening. Technology has

products and services accessible to all of us.

In Europe, the European Union has the purpose if§ un

us into a united political, monetary and legislataystem.
There are also Committees in the field, managihghal

1 - The authors would like to thank Brisa - Autdradas de Portugal S.

A. for the support of this work.

ridden along with this
tendency at many levels, providing a great numbier o

e Uplink: is the communication channel on which
mobile equipment transmits its information.
Public if it is generic information and private if
user specific information is present. Using
MDR, the data signaling rate is 256 Kbits/s.

Il. COMMUNICATION ISSUES

This work is part of a larger project which aime th
construction of two compliant units: an OBE andSER
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This DSRC system can be divided in two parts, gleae The Link Address Field has 5 bytes and containd tbe
Figure 2. The first part is the RSE and OBE wirgles (Link Identifier), which is used to keep the comrimation
communication and the second part is the RSE iatern private between different users.

microcontrollers’ communication.

Regarding the first part, the main issues to study, Link MAC Frame

detail, are the standard EN12795, the featureshef t | Flag | Address | Control | LPDU Check | Flag
microcontroller and the existing software functipasthe Field Field Sequence
physical layer. Standard EN 12795 imposes some time

. . e . Figure 3 - EN 12795 frames format
constrains, described Window managementsection. g

Concerning the second part, the studying issues aréry . \\ac field is a single byte and it is used tdizate if

regarding  the hardware, the SPI (Serial Periphera{he frame contains an LPDU, specify the transiomssi

Interface) [2] of the microcontroller, and regaglithe N C o X
" ' direction, allocate public/private windows and alequest
software, the Communication Protocol between the ’ P P sa

. troll private windows.
MICTOCONTrofiers. The LPDU has from 10 up to 128 bytes and carries

RSE information regarding the OBE User and one byte for
control.
uC MASTER OBE The Frame Check_Sequence field has two bytes and is
used for error detection.
\\EOWNLINK
‘ SPI RN - Window management
.. There are different situations of message exchaagh
uC SLAVE UPLINK ™~ one with a specific time specifications, in whidte tRSE

and OBE must be aware of and behave according to it
Here just the main situations are presented.
The first situation happens when the fixed equipmen
Figure 2 - Types of communication broadcasts a message in a Public Downlink Windogv an
expects the response(s) in the following three ecutsve
Public Uplink Windows (please sé&ggure 4). T3 (16(s)
1) Wireless Communication between the RSE and is the downlink to uplink turn around time, T4b (3 is
OBE the maximum time to start of transmission and T&3(4s)
is the time duration of the uplink window
The Communication between OBE and RSE, both Uplink
and Downlink, is based on frames exchange, acoprain
constrains imposed by EN12795.

Downlink

) Public Uplink Window
Window

Public Uplink Window | Public Uplink Window

“LJ | FRAME I : | FRAME | : | FRAME I :
» Standard EN 12795 Lo ; : ; ‘ T :
! | T4b | | T4b | | Tdb | }“me
The Standard EN 12795 is one of a series of Europea ‘ 15 s 15 "
Standards defining the framework of a DSRC (Deéitat Figure 4 - Exchanged Windows after a Public Dowalin

Short Range Communication) in the RTTT (Road Tcaffi

and Transport Telematics) environment.

This standard defines the Data Link Layer of theROS The second situation happens when the fixed equipme
it is subdivided in two sub layers, the MAC (Medium transmits in a Private Downlink Window (please see
Access Control) and the LLC (Logic Link Control) Figure 5) and the corresponding response arrivea in
Sublayer. The following paragraphs describe thenmai Private Uplink Window. T3 (166s) is the downlink to
aspects of the standard. uplink turn around time, T4a (320us) is the maxintime

to start of transmission.
- Frames Format:

The frames have the format shownHigure 3 and are

Downlink

Private Uplink Window

described in the following paragraphs. The sizethwf Window

whole frame varies from 9 bytes up to 138 bytesl, ts PRLEIN | FRAME | !

variation is associated with the LPDU (Link layeonf®col L 4a | !
Data Unit) field. N ! time
The frame is delimited at the beginning and atethe, by —

a flag with the value 01111110 (base 2). Figure 5 - Exchanged Windows after a Private Dowknli
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Public and private Downlink/Uplink windows are and RTS is high when the slave has information to

distinguished by their LID, whether a Broadcast ldDa
Private LID is present.

» Developed Software (wireless communication)

Due to the differences of behavior between theipwrid
private (number of consecutive windows and

transmit.
« Communication Protocol between master/slave

This chapter describes the main issues regardieg th
communication protocol. The frame format is displhyn

timethe following Figure 7. The type of communication

constrains), there was the need of creating diftere demands that, after the reception of a frame, ¢oeiver
functions for the Downlink. The following functions must send an Ack (Acknowledge) if the frame isdali a

implement the desired solution.
> void public_downlink (*array_out_public)

This function executes a public downlink, by segdihe
information (parameter *array_out_public), from tRSE
to the OBE. In this case data is generic for aHidles.
The time constrains are described in EN 12795.ulolip
mode, there are three consecutive public windowstiss
function has to send the information and starttitmer to
control the turn around time in order to start tbeeiving
mode,

> void private_downlink (*array_out_private)

This function executes a private downlink, by segdhe
information, of (parameter *array_out_private), nfradhe
RSE to the OBE. In this case data is specific fache
vehicle. The time constrains are described in ERO52 In
private mode, there is a single window. So, thiscfion
has to send the information and start the timecawtrol
the turn around time in order to start the recgjvitode.

> void uplink ()

Nack (Not Acknowledge) if the frame is not valiggdk to
the emitter. Please see Figure 8.
» Developed Software (master/slave
communication)

The software was developed in C language. Heretbely
main functions are presented, layer by layer, dsgare 9
(the master functions were developed only for test
purposes).

For the Lower MAC, the send and receive functiaes a
» int slave_send_lower_mac (*str);
» int slave_receive_lower_mac();
These functions deal with the frame’s fiekliart andcrc
(cyclic redundancy checkplease seEigure 7
In reception mode, the first step is to detectsh# field
(with value 0x02), then receive the rest of themiea(in
accordance with size field). After the whole redaptthe
function calculates the crc of the received framet (
including the last two bytes corresponding to thefield)
and then compares it with those bytes. If they maile

This function executes an uplink, by receiving theframe is valid, if not it means that the crc semtthe

information in data field, from the OBE to the RSHis
function can receive generic or specific OBE usatad
The time constrains are described in EN 12795.tirher
is set and if a timeout occurs, this function tevaes.

2) Communication between the microcontrollers

The communication protocol between the

means that all the exchanges are controlled byvidwster.

two
microcontrollers is an unbalanced Master/Slave, ctwvhi

emitter is different than the one received by theeiver,
so it is not a valid frame. If any of these two ditions do
not occur the frame is discarded.
In sending mode, the sending frame has to be in
accordance with the frame format, pleaseFigae 7

For the Upper MAC, the send and receive functiages a
» int slave_send_upper_mac (*str);
» int slave_receive_upper_mac (*str);

These functions deal with the frame’s fielilame type

The master is a TX27 i.MX27 module and it is mambge andfsn (frame sequence number), pleaseFRigere 7

by our partner Brisa. The Slave is an Atmega 128 [3

In reception mode, it is in this stage that themeatype

The hardware connection between microcontrollersand the fsn are validated. The frame type has ta tiata,
Master and Slave, was established using the SRla(Se an ack or a nack. The fsn is incremented whenewvelid

Peripheral Protocol), available in both microcohéns,
(Please see Figure 6)

« Hardware connection SPI
Interface)

(Serial Peripheral

frame exchange occurs. So the received fsn ha® tm b
accordance with last increment. If any of these two
conditions do not occur a nack is sent, if not eénia sent.

For the Application layer, the function is:
» int slave_application ();

The pins SCKL (SPI clock), SS\ (Slave Select), MOSI This function deals with the frame fieldize, message
(Master Out Slave In) and MISO (Master In Slave)Qut anddata. In this stage the validation of the content st

are standard SPI pins, while Busy and RTS (RedUest

Send) are stipulated for proper use of the protdgosy is
high when the slave is not available for messaghange

fields is done, according to a table of Application
messages, with corresponding size and messages.
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S PI Serial Peripheral Interface
SCKL » SCKL
ss ) ss
MOSI » MOSI
MASTER | mso  SLAVE
Busy [¢ Busy
RTS [¢ RTS

Figure 6 - SPI (Serial Peripheral Interface) cotines
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Figure 7 - Frame format of the Protocol
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I1l. CONCLUSIONS AND FUTURE WORK
e MDR versus LDR

MDR technology, as expected, is better than LDR
technology due to the higher data rate and theepoesof
information security protocols in MDR which are abhs
on LDR. The difference of baud rate, between both
technologies, 32Kbits/s for the LDR and 256kbits/$12
kbits/s for the MDR, allows more versatility and
robustness in the communication. The use of standar
EN12795 as reference to establish the rules, ®ansf
security is highly increased.

The developed hardware for this project is ablevdok,
sending and receiving frames, with both technobgieR
and MDR. The RSE starts communication, by sending
LDR and MDR alternatively and waits for a respoase
the corresponding sent frame, and completes theftdse
frames exchange in the respective mode.

In terms of software, the upper layers need tolide ®
reconfigure the operating mode constantly, accgrdn
the technology being used at that moment.

 Communication software, between RSE and OBE:

Regarding this part, the software complies with the
demanded features and constraints required by E195.2
Moreover, it is robust to communication errors and/
unexpected messages. Multiple error case scendrios,
communication, were considered and the softwarebigst
enough to deal with those situations.
between

« Communication software

Microcontrollers:

Concerning this part, the software complies witle th
demanded features and constraints required byxibtng
protocol. Multiple error case scenarios, in comration,
were considered and the software is robust encugleal
with those situations.

This approach is still simple enough to be impletaérin
a low-cost microcontroller with typical featureshi3 is an
ongoing work which will culminate with field tesia a
short term.
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