WAVE RSE User’ s Manual



This device complies with Part 15 of the FCC Rules. Operation is subject to the following two
conditions: (1) This device may not cause harmful interference, and (2) This device must accept any
interference received, including interference that may cause undesired operation.

Any changes or modifications (including the antennas) made to this device that are not expressly
approved by the manufacturer may void the user's authority to operate the equipment.

This equipment complies with FCC RF radiation exposure limits set forth for an uncontrolled
environment. This equipment is a handheld device and should be maintained with a minimum
safety distance of 20cm from the antenna. This transmitter must not be co-located or operated in
conjunction with any other antenna or transmitter.
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1. Overview

1.1 Purpose

The user manual is used to comprehend how the WAVE RSE(Road Side Equipment) is
functioning and how to operate it to execute the tasks by using RSE. It includes the explanation of

WAVE RSE related technical terminologies and some procedures to operate RSE.

1.2 Definition of WAVE

The “WAVE” stands for “Wireless Access in Vehicle Environments” and this technology supports
both V2V(Vehicle to Vehicle) and V2I(Vehicle to Infrastructure) communication. The WAVE
technology is a global standard, IEEE 802.11p and 1609.1~12, which is used for ITS(Intelligent
Transport System) service, especially for the vehicle safety control.

The basic configuration of WAVE system consists of RSE(Road Side Equipment) and OBE(On
Board Equipment). The RSE is located on the road and OBE is located in the car. The name of
wireless communication protocol between RSE and OBE or OBE’s is the WAVE. Apparent
differentiation from the existing wireless technology is that it provides reliable high speed broadband

communication with the lowest packet latency even when the car is moving faster than 200Km/h.
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Picture 1. Basic Configuration of WAVE system

The WAVE standard is based on the 5,860~5,920MHz frequency band. IEEE 802.11p defines the physical
layer and MAC layer for the wireless communication. |IEEE 1609.1~12 defines upper multi-channel
layer, networking, authorization & security layer and applicable service layer. Basically WAVE
communication supports high speed mobility, very short time link access time and very low latency for
the packet transmission. And these characteristics such as 27Mbps data transmission under faster
than 200Km/h mobility environment, long distance radio coverage up to 1Km, very low latency less
than 100msec and very short time link access time less than 1msec are the differentiation. The WAVE

communication supports both V2V and V2| with these differentiated performance specifications.



ITEMS Performance
Velocity Max. 200 Km/h
Radio Coverage Max. 1 Km
Data Rate 12Mbps, Max. 27Mbps
Packet Error Rate 0.1(10%)

Packet Latency Time

Less than 100msec

Link Access Time

Less than 1msec

Communication

Vehicle to Vehicle(V2V)

Vehicle to Infrastructure(V2I)

[Table 1] WAVE Performance Specifications

The Wireless link budget is specified in IEEE 802.11p. WAVE RSE specification versus that for
wireless LAN is described in Table 2. The WAVE RF frequency band is secured for only ITS services

and the propagation power can be increased up to 44.8 dBm(around 30W) for the public service

usage. The original channel bandwith 20MHz is changed to 10MHz and it is robust against the

propagation delay spread and the timing because the symbol time for the transmitted signal is

extended twice. Therefore, as one of the advantages, the physical layer for IEEE 802.11p is

designed to support high speed mobility and wide area coverage considering vehicle driving

environment.

Standard MAC IEEE1609.4
LLC IEEE1609.3
PHY IEEE802.11P
RF Frequency 5,860 ~ 5,920MHz
TX Power 28.8dBm(max)
RX Sensitivity -85dBm
Stability +10ppm max
Antenna Gain > 8dBi
Date Date Rate 3 ~ 27 Mbps
Velocity 200Kph max
Modulation QPSK / 16QAM / 32QAM / 64QAM OFDM
Time Link Acces < 100msec
Packet Latency < 100msec
Communication
Distance = 1Km
Area
System Power Source DC 12V
GPS Sirf3
V2V Vehicle to vehicle Communication
V2| Vehicle to Infrastructure Communication
Interface Ethernet, USB, UART

IEEE 802.11p MAC layer is same as that for the wireless LAN. But to minimize the packet latency

[Table 2] WAVE RSE Specification vs. Wireless LAN

it

is designed for the multi-channel switching ,which has a control channel and the traffic channel to



transceive the safety and traffic message without the congestion. And to reduce the link access time it
can be access the link right after receiving the RSE information by removing the authorization ,the

security and the association for the link access.

1.3 WAVE Network Configuration
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[Picture 2] WAVE Network Configuration

The WAVE based network requires the following equipments

P ITS service server(vehicle related information management)
» WAVE RSE

» WAVE OBE

» UMPC

» OBD2

» Antenna(OBE, RSE)

» Optical switch and local HUB

» Intersection Safety Equipment



2. WAVE RSE System Configuration
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[Picture 3] WAVE RSE Exterior Shape
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[Picture 4] WAVE RSE Power Unit
WAVE DI XI= &3 2HHE: WAVE RSE Power Distributor Case

3. WAVE RSE Software Installation

After installing RSE hardware, follow the below steps to upgrade the software.

3.1 WAVE RSE Environment Set Up

(D Open the WAVE RSE power unit and connect the Ethernet port coming from 10pin

connector to RJ45 from the notebook

(2 Connect another port(serial), which converts the port to the serial port, to the gender
and hook up USB to Serial cable to USB port on the notebook PC.

(3 Execute the terminal program named “Tera Term”. And click “Setup” on the top
menu and select “Serial Port” after that.

@ Push “OK” button after setting up the baud rate 115200. Click “Setup” menu and

select “Save setup”, and click save button to set up the environment.



File Edit Setup Control Window Resize Help

-~

Tera Term: Serial port setup

Port: COM3 -
Baud rate:

Data:

Parity:

Initia .
Daf aul Stop:
Dofaul
Daf aul Flow contral:
RHC(Ad
H idanh
Hult i H

HAC. 17 Transmit delay
HoDan

Hult ic 0
Euen B
IF ADOf
SUBHETI
CATENAYT I 22301
S302510_5A: 00 20 7B OE FF 05
RF Initialize ... 5.870GHz
Auto HEAfrane 100

msecfchar msecfline

(B If the step3 & 4 is already set up, just go step 6 directly.
® Power on the WAVE RSE

(@ If WAVE RSE works correctly, the following screen appears on Tera Term.



| W COM3115200baud - Tera Term

File Edit Setup Control Window Resize Help

# UHC PROGRAH Mer Oct 27 2010 20:56:39

# Eyen RSE : ETH HODE  : SIMGLE-HOP

Initialize... STHRT

Dofault Power = &

Default Datarate @ 12

Default HAC Priovityl0<76ABT = 1
RHC(Adapt ive Hodulat ion And Coding) OFF !
Hidanble Insertion OFF !!

Hult i-Channel Operat ion OFF !!

HAC HAW Mer @ 20100727

Holen HAH Yer = 805

Hultich TineSet : CCH_inw[271ns, SCH_Inw(671nz, Guard_Inu[31ns
Even RSE : CCHIG.B50GHz], SCHIS.840GHz]
IF ADOR: 10.22.30.201

SUBHET HASK: 255,255.255.0

GATEMAY: 10.22.30.1

53C2510_5A: 00 20 78 OE FF 05

FF Initialize ... 5.870GHz

Auta HSAfrane 100

M

Refer to the below interpretation.
/*****************************************************************/

/* VMC PROGRAM Ver Oct 27 2010 20:56:39 «— WAVE RSE Program Version Date

SRR AR AR R AR A Ak
/*****************************************************************/

/* Even RSE : ETH MODE : SINGLE-HOP « The program is working on WAVE RSE mode
SRR AR R AR A Ak

000

Initialize... START

Default Power : 5 «— RF Poweris 5

Default Datarate : 12 « Data rate is 12

Default MAC Priority[0x76AB] : 1

AMC(Adaptive Modulation And Coding) OFF !!

Midamble Insertion OFF !!

Multi-Channel Operation OFF !!

MAC H/W Ver : 20100727

MoDem H/W Ver : 805

Multich TimeSet : CCH_inv[27]ms, SCH_Inv[67]ms, Guard_Inv[3]ms

Even RSE : CCH[5.850GHz], SCH[5.840GHz]

IP ADDR: 10.22.30.201 «— WAVE RSE [P Address

SUBNET MASK: 255.255.255.0

GATEWAY: 10.22.30.1 «— Gateway IP Address

S3C2510_SA: 0020 7B OE FF 05

RF Initialize ... 5,860MHz~5,920MHz « current WAVE RSE frequency band

Auto WSAframe 100



3.2 Software Upgrade
(D When the screen is being shown up after power on WAVE RSE, hit the
“Enter” key a couple of times and below screen is shown up after getting in the
boot loader mode.
@ Put the command “printenv’ on the prompt and hit the “Enter” key to get

the notebook IP address and image file name to bring the software image.

COM3:115200baud - Tera Term
File Edit Setup Control Window Resize Help

#
: ARAboot for YAC RSE/DBL - Y1.10Hav 31 2010 - 15:12:45)

ETRI [Electvonics and Teleconrunications Reseavch Institutel
\ehicle Matuorking Research Tean

Editor : Kyeong-S00 Han

ode size @ 00700000 -» DO720843
i

ata [uritethrough) Cache iz OFF

rite Buffer Control register : 00000000
rite Buffer is OFF

it any key to stop autoboot: 0
ac_plhll #

ac_plG1l #

ac_pehll #

ac_p2sll #




File Edit Setup Control Window Resize Help

doun=pratect off all;tftpboot;flurite 800200005

nuivonnent size: #75/B188 butes
ac_p2G10 # []

@ Set up the notebook ip 129.254.94.32 ,which is set up as the server ip based

on related information.

BERE-TE T

AEL O30 255 255,285, 0
A& HOIEHOIKD,

FHE22 DNE M o BB
© CHS DNS MH T4 AMS(E):
J2 ZE DNS MH(P):
HZ DNS MH (A

[(ed [ 88 fE8 FAHL)




@ Execute tftpd32 to download the related

image which

includes

“image.2510.img" file, WAVE RSE software image. If tftp32 is executed after

successfully setting up the notebook ip,

“129.254.94.32".

9% Titpdz2 by Ph.Jouni =

I >

Cuirent Directory IE'\LIsars\iTTEL\Dasklnp\wave u[{n]pex]

Browse

Server interfaces |129_254 94,32 LI Showw Dir

Thtp Server | Titp EIIientI DHCP serverl Suslog server |

Connection received from 129.254.94.87 on port 3992 [23/11 18:56:40.372]
Fead request for file <image. 2510.img>. Mode octet [23/11 18:06:40.382]
<image. 2510.img>: sent 1224 blks, E26504 bytes in 2 5. 0 blk resent [23/11 18

| 1 |

Clear | Copy |

Current Action I\mage 2A100mgs: sent 1224 blks |
I About ! Settings I Help

T

2

server interface is set up as

(® Put the “tftpboot” command in the Tera Term window and hit the “Enter”

key after tfptd32 execution to download the

software execution file

“image.2510.img” which is executes as below screen. And hit the “Enter” key

after putting the command "protect off all"

L COM3:]

File Edit Setup Control Window Resize

in the Tera Term window.

doun=protect off all;tftpboot;flurite B80020000;

hvironnent size: 27578188 bytes
ac_p2510 # tftpboot

BootFile [inage.25i0.ingl, Load addv [0x1000001
ARP broadcast 1

oth addr: c:lazad:bfizcl:ab
ot good ARP - loading start

Berver ethernet address cB:lazaf:bfzch:a

5
TP fron server 120.254,94,32; our IP address is 129.254.94.87
ilenate *inage.2510.ing".

Butes transferred = 626504 (98148 hex)

ac_peSl0 # protect off all

n-Protect Flash Bank # 1
I ac_p2510 # []

1 [

® Put the command “flwrite” in the Tera Term window to load the image

execution file on the address 0x80020000.



File Edit Setup Control Window Resize Help

ac_pehd0 # -
ac_pe5A0 # flurite 08002000

Checking Inage at 00100000 ...
Inage Hane: [
Inage Tupe:  ARH Litwx Kevnel Inage (gzip conpreszed)
Data Size: 626440 Bytes = 611 kB = O HB
Load Address: 00001000
Entry Paint: 00001000
Verifying Checksun ... O

tart andfor ond address not on sector boundary

ac_p2510 # flurite (080020000

Checking Inage at 00100000 ...
Inaga Hana:

'| Inage Tupe: HARH Linux Kernel Inage [gzip conpressed)
Data Size: 626440 Bytes = 611 kB = D HE
Load Address: 00001000
Entry Point: 00001000
Yerifying Checksun ... OK

razing zactor 9 ...
razing sactor 10 ...
Tasing sector 11 ...
raging sector 12 ...
razing zactor 13 ...
rasing sector 19 ...
Tazing sector 15 ...
raging sactor 16 ...
razing sactor 17 ...
Tasing sector 18 ...

one.
razed 10 sectors.
awing Inage to Flash...uait... 3

dune,
ac_ptil # [] hd

(@ If above screen is shown up, the image execution file is successfully loaded

in the address 0x80020000.

Power off and reboot the WAVE RSE to finalize the software upgrade.



