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Summary

To contribute to accident reduction, we promoted development of driving assistance and
preventive safety technology focusing not only in front area but also in rear and rear side areas.

With this background, we developed two types of rear side obstacle warning system which suite
each market environment and are currently proceeding with their commercialization. One type is
Blind Spot Monitoringd system whose detection range is close-range blind spot area at rear side of
the vehicle and the other type is Rear Vehicle Monitoring[d systeml whose detection range is rear of
the vehicle, up to approx. 50m away from the vehicle. Blind Spot monitoring introduction is for the
U.S. and Rear Vehicle Monitoring introduction is for Japan/Europe. Those systems use the 24GHz
radar as sensor and we are the first manufacturer in Japan to commercialize them and we are also
the first in the world to roll them out globally around the same time. In this paper, we summarize

each of the two types of rear side obstacle warning system with 24GHz radar at an early stage.
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Fig.1 Accident Analysis Data by NHTSA in 2000

(%)

70 64.7
60
50
40
30
20
10
0 1

N~
(X3
b

speos |

ybiung |
Buidojg ‘seaing |~

‘alel9) ‘syybipesy |~
SENTeNE:

o
=
S9OIYBA payied |S
M3IAJO |
Py paxoolg |~
1snp anibng [,
‘6o ‘moug ‘uey |—
=3

umouyun H

a[oeISqo ON
sajoIyaA Buluuny
syuswdinba Joua| |

Fig.2 NHTSA Data:Factors Obstructing Driver's View at
Accident Time
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Table 1 Comparative Table of Typed 0O 0 OO

Left Right
Adjacent Adjacent | Left Rear | Right Rear
Zone Zone Zone Zone
Type Coverage | Coverage | Coverage | Coverage Function
Blind Spot
1 X X Warning
Closing
Vehicle
11 X X Warning
Lane
Change
11 X X X X Warning

24 000

Jdddd0d0d0d0d00o0o0o0o0ooOoOoOod24cGHzZO O
O00000024GHzO DO ODODODDODACCOOODDODODO
ogo7eGHz O OODOODODODODODODODODODODODDODODOODOO
Ogooo0o0zGHzZ OO OO OOoOoooooooooooO
goooodzooooooooooao

OooouwBOUltraWideBandO O OO OO QOOOOo0O
gooosooMHzZOOOOOOODDODODODOOOOODODOO
goooobooooboooooooobobooooooo
goooobooooboooooooobobooooooo
gooooooooboooobooooboooo

00000 0FCCO Federal Communications Commission[]
gooooboooobooooooooobooooboooo
gododoooooooooboooobooooboooooo
ITU-RO International Telecommunication Union - Radio
communications Sector0 D0 000000000 O0OO
goooooooobooooooo

000000 ISMO Industrial Science MedicalCl Band[
O0000000D00O24.05GHzO 024.25GHzO0 00000
goz20MHzZOOOODOODODOODOODOODOOODODOOOO
uwBO OO ODOOoOOoOooOooDOooDOooooooooo
goodooooooboboooooooooboooaa
200MHzO O 1/300076MHzO0 000 00000O00O0OO
goooooooooad

Ofdooobooooooooobooboooogao
UWBOISM BandO OO OOOOOOOOOODODODOO
0oo0oooooooooooooboobodgnType
goooboooobobobouwBOODOUooooOoo
O0OType0 OOOODODOOOODODODOOISM Bandd
goooooooobooooboooon

25 0O0O0OO

O0odoooooooboooobooooooooooo
gooo0oooooboooooooooboooooaoo
gooooo0ooooomoooboooobooooooa
dooooooooooooooouoodMIDOOOO
0ooouoouooooog3ngoooooooog
() 0000000000

0000000000000 U0U0UULUUUUood
0o0ooooooooooooooooooooooog

gogbogooboobbobobooboobbooboo
goboboooobbobooobbboouooboboo
1ISO25720 0 0 00 0KI17AOFigh0 00 O0O0OOODOO0O
gogbobooobooboobbooboobbooboo

A

Left side icon

Fig.5

A

Right side icon

Icon

(29 DOOODODDOOOO

oo obobbobobobbboboo
g ooooboboo
oo ooobon
gooodooooooogo

oo @mooooogo
oo oooobobon
oo oooobobon
0000000 000oo0ooDoooOdodoosBlind Spot
MonitoringD 0000000000 0O0OFig6 0000
000000 Rear Vehicle MonitoringD DAOD OO OODO
O00000000Fg7ODOD0ODOOO

Fig.6 Display Position of
Blind Spot Monitoring

Fig.7 Display Position of Rear
Vehicle Monitoring

(3) DOOO
00000000o0ooooooooooooooon

0000000o0o0o0oo0oooDoooooooooooo

0000000o0o0o0oo0oooDoooooooooooo

gooooooooo

@O 1moooooo

0000000000000 0000000000000
0000000000000 00000mouoooon
0000000000000LEDODODODODOOOOOO
doo0ooooooooooooon

® 20000000

010000000000D0000000000D0000
0000000000000 LEDDODOODODO

— 126 —



No.2601 200801

un

O

goboobboobbooboobboobooboo

goboobobooboooog

goboobboobbooboobboobooboo
gogbobooboobobooboobboobooboo
gogooooo

30 Blind Spot Monitoring

3.1 Blind Spot MonitoringDd O 00000

O0000000Iso/DISIL73870 TypeD O OO OO OO
0go0oooooo3mbo0Do0oooooooooooon
O/mO00000b0O0bO0ObO0Oo00ooooDobobo
goooododddoooooooooooooo
Oooo00oo0020miles/h0 000000 OFig.8-130 00
0000000000000 0ON/OFFO OO OO

Fig.8 Target Overtakes Subject

Fig.9 Subject Overtakes Target

Fig.11 Obiject in the 3rd Lane

2 OFF 3 OFF@
I I

F|g.12 Object in the Same Lane

OFF[@ 3

OFF@

F|g.13 Guardrail

3.2 Blind Spot MonitoringD D 00000

Fig.u40 00 0000000000000 DOOOO0OO
gdo0boo0b2GHzZOOODDODOOODOOooooooooo
oo oobon
00o0Do0ooboooooo1loO200obooooooo
goooooLEDOD00oooooooogd

gooooooooooboboswoooobooooo
oo oobobon
JO0O0OCANOOODDOODOoOooOO

Fig.14 System Structure

3.3 Blind Spot Monitoring[] 24GHzO O O

Blind Spot MonitoringD 00000 024GHzO OO OO
24.25GHz0O0024.75GHz0 0 00000 0O 0O O O500MHz
ouwBO OOUOUOUOOODODODODOOODOODOOOOO
0oo0oO0o0O0ooo200000000000D00000
000000o0o000oo0o0o0ooO0ooooooooo
00000000 Fig.15

0000000000000 000o000ooooon
0 O FMCWO Frequency Modulated Continuous Wavell [
00000o0o0o000ooo0o0oomooooooooo
ooo0oooOoo0ooOooUooOooUoooooo

000U00ooooooU0oooooooUdFrRMCW
00o00oU0oo0o0oU0oo0o0oU0ooOoooooooOoo
ooo0ooooooooooooooooo

000U0o0o000oo0o0o0ooooooooooo

— 127 —



ooboooooooooooono

No.2601 20080

Detection Zone

Dri\ring 4 F
Direction
3 —

Detection Zone

Fig.15 Detection Zones

ggboboooboobobooboobbooobobooboo
gogbobooobooboooobuooboobobooobg
FigleOD O OO O0ODO0oO0O0O0DDO000OO

Fig.16 External View and Antenna Geometry

34 UJUOO0OOOoOoooon

gooboobooobbuooboooboobooobooo
00do000D0o200000000000000000
0000000000Fig17'0000

antenna 1

>

»

HEH —/
antenna 2‘ T~ o~

Fig.17 Phase Mono-pulse Principle

cooboooboooobooobooooooooon
gobooobooooooooobodoooooooon
gobbodobbaboOoooooogon

o = arcsin
27 -

_Ar-2r;

A
=7

4[] Rear Vehicle Monitoring

4.1 Rear Vehicle Monitoringd D OO0 000

0000000ISO/DISIL73870 Typel D OO OO OO
oo oobbon
somO00000000000000Fig.18(1]

—

Detection Zones

50

o L)

Fig.18 Detection Zones

0000000o0o0o0ooooooooooooooon
00000000Time to Collision0 000000 O0O0O
0000000ooo0oooooooooooooooo
0oooooooooooooon

ISO0 0 0 0O O O Closing Vehicle Warning Functiond [
0000000000000 000000D000O0e0km/h
oooooooo

4.2 Rear Vehicle Monitoringd DO 0000

Fig.u9o0 0 0D0OO00D00O0DO0DO00oO0ooooDOoog
00d24GHzOO00DOO00ODOO0ODOOO0OODODOOOOO
ooooooooogd

00000 00Blnd Spot MonitoringD D OO0 0O OO
00000000ooo00ooooooooooooooo
oooooo

0000000ooAdDO0ODOOOoOoOooOoooon
000000000 00LEDOD0ODOOONONOOOOon
00o000o0Doooooooooooswoooooo
000000000 00oooooooooooooon
000000000 00oooooooooooooon
OO00OCANOOOD0OO0OO0OO00DoooooDoooooo
000000000000000000000000000

4.3 Rear Vehicle Monitoringl 24GHzO O O

Rear Vehicle Monitoringd 24GHzO O O O O O ISM Band
0000000000000 o00oDooooooooon
ooooodpolooMHzZOOODOODDOOODOOO
76MHzZO OO0 O0O0000OOO100MHzO O 76MHzO O O
000000000 00000000D0D00O 0O Separabilityd

— 128 —



No.2601 200801

gboooo

i Warning icon
=

S

x Warning icon I

Fig.19 System Structure

Buzzer
e

\ E

oo boboboobooboooboon
goooooooooooooooo

0O 0 0O Blind Spot MonitoringD 0D 0000000000
oo boboboobooboooboon
ggog

0o0o0ooooooDoOorRMCWO O D OODOOOFMSK
0 Frequency Modulated Shift Keyingd O O O Fig.20°0 0 O
0000oDbOoo0ooooDoobocecwdooooooooo
000200 LFND O Linear Frequency ModulatedTD 0 O
FSKI Frequency Shift KeyingDCwO O OO OOoOoO0O0O0O0O
good

Frequencyf
»

fu+fl1u|s .

Fig.20 Transmit Waveform

0000000000000 000FIg21°00000
OO0OFig2200000000000C0CO

OO0O0O0OCODOORFBoardd DSP Boardd O 0 OO

RF BoardO OvVCOOOOOOOOOMMPLLOODOOO
O0O00MMAMPODOCOO M MixerOMixerd OO OO0
gooOooooooooooo

DSP BoardD O VCOO OO OOPWMOOOODOOOO
O0ORF BoardO AMPO MixerD OO OO OOOOOOO
AD-Convertord RAMO O O O Signal Processor 0 0 0O
oooooo

RF Board

DSP Board

Fig.21 External View and Antenna Geometry

Slave-Sensor

DSP Board DSP Board

VGO VGO

[e:¢] RAM osc RAM
Mixer Processor Mixer Processor
Amp. Algo Amp. Algo

ke |osp osP
CAN | CaN CAN

Power

Frivate CAN

v
Powse P owveer
Y]

CAN

Fig.22 Hardware Architecture

sO0ggnog

O000000o0o0ooooooooooooooon
0 00O O Rear Active Safetyl] 0 00 O O Lane Drive Assist
O Parking Drive Assist020 0000 000D0OO0O0OO0O
J00000000000Lane Drive Assistd 00000
ooooo

000000020 024GHz 000000000000
000000oooooooooooooooooooon
0000000ooo00oooooooooooomon
ooboo0ooooOoOoooooobo0oooooooon
oobooooooooooooboooooo

O0O0O00DO0O0O0O0Parking Drive Assist0 DO OO QOO0
ooboo0ooooOoOoooooobo0oooooooon
ooooo

oooboooooooooooooooOooobooboooon
oobooooooOoOooooOooboOooooooooo
ooooooooolMIDOOOOO0ODOOOODOD
oodnooooOOooooobo0ooooooooon
oobooooooOoOooooboOooboOooooooooo
gobooobooooboooooooo

— 129 —



ooboooooooooooono

No.2601 20080

goog

(1) 0O00D0000000000010000000000

(2) National Highway Traffic Safety AdministrationO
Analysis of Light Vehicle Crashes and Pre-Crash
Scenarios Based on the 2000 General Estimates
System 20030

(3) 1SO/TC 2040 DRAFT INTERNATIONAL STANDARD
ISO/DIS 17387, Intelligent Transportation Systems -
Lane Change Decision Aid Systems - Performance
requirements and test procedures

(4) Dr. Karl-Heinz Glander( Siemens 24GHz Radar - Blind
Spot Detection, 14th World Congress on Intelligent
Transportation Systems[] 200701

(5) s.m.sO Project Documentation Architecture of the
UMRR Sensor[J 20070

(6) Norbert Kost, et al.00 24GHz Radar Sensors for Driver
Assistance Systems, ATZ Elektronik[] 20060

00 0m

goodg gooo gooo

— 130 —



