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ABSTRACT

The potential use of ranging sensors for reducing the occurrence of accidents in real
environment is explored by many companies and laboratories. Most of the sensors under
investigation utilize the FMCW (Frequency Modulated Continuous Wave) waveforms.

The automotive environment presents to the FMCW radar sensor a multitude of moving
and fixed targets and the sensor must detect and track only the targets which may pose a
threat of collision or passengers accident. The sensor must function accurately in the presence
of background echoes generated by moving and fixed targets, ground reflections, atmospheric
noises, including rains, fog, and, snow and noise generated within the receiver.

False detection of the desired target in this environment may issue false alarms. That
may be dangerous to the passenger and the vehicle. A high false alarm rate is totally
unacceptable. The false alarm mechanism consists of noise peaks, crossing the threshold and
the undesired response of the system to off lane targets which are not potentially hazardous
to the radar equipped vehicle.

This paper presents an improve technique safety performance for driver-less operation
using FMCW radar sensors.

1. A8

AT o glojA e NEA AP ATS(Automatic Train Stop)e] =43 A A7) A Fsio
HAE ATC/ATO Al=de] H&oz FALH7A 7H5d SAld o2 28y B 583
9 9L 98ty s1Ee] AT Y] ofd o) FHMWA ] NFAIAdo] HEE Holn, FALA
o] FGate] 1R LA o2 sYE Aot} o]F A2 MYPIA T N4 d&43
A AL Futd APIARL] Lxet WYX AY T ARE FAUAJEEZA A7NER
&2 g Alojste a9 AL R zet EMVEMC 59 9% s 2xd H
BE £ ¥AY, A2 /2 Adtd HFY FAo] o|FARA gL AS FAAE FAL
AE AL3AE o WA/ o€ Reloh s & EAY 5L der) sl 2 AF
Mgt 2 BIHAHQ MNP HEA2de) a7 HD

gtz oz dxe FETGE ARHA 2IFAA HHAEZ ste] A2 gAML nt
T, 73 S e AL AT nelsid A Y WL Frerie FESS

* gRPEsed T, HHd

—307—



gate] FHEEE Fol7l A T & o]FHM VEANLHE HEoD, FULAE &
A e a8 GA4E FRrE7) A8 FHHA AEgez & AFCA AAGE A&
de ois £ 24714 E 7HE Aot

ol2lg ¢V ¥r Axde IA JYEA PR FET AY AMBA, ANERH 239
FEYH AT ZH & d¥Tol AEANYE FFEE Car On-Board FFH, o3& AMFA
g} Az AR, 282 TCMS, ATO T AAAANLE T3 AR BES AT Aefso)x
59 A FEoZ FEHZY,

2. 4R &8 N2 AARZA

g AFoAM AN AHgdte AMES 8FHE dX9 21D &, &5, UWA 59 /¥
ZQ0) 4YL HA Pdojop o Rt ojt Y= AE FHEdol I FEE A A
7t gr=ojol gr AYYg JASEE FAHAY F oo 3 A Ao =9 FAH F¥=
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Ultra-sonic | Laser Radar MM-wave CCD~-camera
Long Range Capability Poor Good Good Good
Target Discrimination Capability Poor Fair Good Good
Minimizing False Alarms Poor Fair Good Fair
Temperature Stability Poor Good Good Good
Darkness Penetration Good Good Good Poor
Adverse Weather Penetration Poor Poor Good Poor
Dirt / moisture Performance Fair Poor Good Poor

¥ 1 oA BoRxe] dBdate] Ju&Es AHE §437) A ANAFN2Z 7HF A
A& MM-wave Radarol®} 3] Autg #2317l 918 MM-wave Radares @Wt3 ez Hg
A Az 3¢ AT pulse AP 8lay F& AYY FF AT FMCW(Frequency
Modulated Continuous Wave) 389 A 5 712 ¥gi2 FEHolAd. FMCW #H8e ¥z
BYg TSV 41 5 AT AYE $EY 5 den dgFE A HE & Aok 2¥ A
g AFee] B3 HEd @AYl A Ad &=§ H2Y & JALEE NI FHE &
Aok, £ A7 E oY 3HEE AYURL Y= FMCW 38 & 7t MM-wave Radarg A}
239 AN2dE TEHD oY Alade FAHE 2 1 A4 A RAFT o

£ dFdAE FMCW #oltt AN § o838 Artdez ANadE 7Y & JI=E 39 T
23 TZ2E olF7) A Homodyne #Hlolth w4& f€3lam gloh. Low phase noise LO
source® 7FA = Super Heterodyne %4 ¢ T3+ FM-AM HE #I$ 59 7AAz Nade
45g 2ok #4472 4 oy Homodyne #lolth Wz vlmale] B 8363 2 7170
27522 Homodyne FMCW dloltt AME Ag¥th 29 1 o 33 JPRer A3 Bd
F1 glth

ag 1 9N B9F3 9 FMCW dojtt AME VCO, Isolator, Coupler, Mixer, Antenna %
o] 2AE2 FAHAAYG, FMCW #ojtt dME FM ¥EA17] A5 & VCOAAM R WI o]g
8 NEE Isolatorg FAANA &¥de ANE7 VCOo &¢E vIXR &A 3t Couplerdl A %
A Antenna®} Mixer® #& yr2dd M3y AFEIZHE WA Foles Ass F4™
Nz sel 27F Mixerh A beat Fo¢2 oA HEHE AX A/D HEH AF: Ay FAHL
Z 8gdd

FMCW #ojtt AN E tgsd s8o] o1 ov g AYE dig 432 ok
o} gow 29 2 M AANF RAgFu lth
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@ BYS FA5 9z By ol Fus dF JdEe AYY Ao oF Fas HEI A
£xo] 9% Doppler F#34 429 E¥A FR57t & YRAAN YEYA HE2 N8 A
B9 Ad 2 Ad £= HARE FAHVIZ E7bedy gl &3 M8 AFEY A HE
TE A7l s AgH o

@ Az Fos dx 48 FUYF F3a5F 9z 38 nE 28 Sweep-up frequency(f_up = fd
- dF)®} Sweep-down frequency(f_.dw = fd + dF)9 F Fa+ AEL AUoz sr}e A8
e s e A A & Fa4 2 dF Ao $xd 93 Doppler Fa34+ A&
fd& dold 71 ok 2 AT FE AR A2"doMe FeAY FRsel HeE Wt A
Zo] ] of EXstes B9 oA ol Ty Mz BPFLE F ARAGM gFY Fue
AEol AE&Ho Ay Ao o Fas JE dFS Ao S0 9% Doppler 34 4
fdg QA4rs7i7t E7rssiAdct

@ A AeE HAEe FoF AR 5y A7 Fae A 939 dgd My xFe] o3 o
EANY A9 FHE 2437] st AlEHARAE FdYol B AT AL nA dle A
AEE /A Fo45 dx Yo, 4zt Fai4 W=z 93 d Doppler frequency(f dp =
fd)e] & H4EE o 7IA ol A8 AFe] Q] of EAY A 2z My x}FE
e A Aol A FoAF+ ZE dFS Ao £=o 9% Doppler F3 A& fdE A48
F7F ok
el 2 FMCW S8Rt 4dd dele) FMSW(Frequency Modulated Step Wave) o8&

OAds Bz B8.g 24N 5 oy 250 o3 TAstE VCo AN A&L 249 + 3

e AFE AYzn Jrt el ol E #BYe wEY] M 28 1 9 HE AN BdF

2 3l FMCW dlolth Aol HAYg o83 ¥z w8 4 37 ¥ri¥oz gesne o

A€ AU Yot ol FMSW %39 dHeig 2138 1 9 (M BdFxm goh2) (9] (10
£ AFdAY FMCW 382 18 2 9 ()M BdFm glon ztzte] JrRE g3 ol

A o

o A+ T, 7A : Sweep-up frequency (fup = fd - dF)
o AZF T, A Tz 7}A : Sweep-down frequency (f dw = fd + dF)
o AlZF T oA Tz 7R : Doppler frequency (f_dp = fd)

FMCW ot} MM & ol83te 2F $8 Fx A2doM olgg g3 tAdL AE Ay
HBHAME dRo] HART A Ty, T, Ty, Tl=Ti+Te+Ts) 59 dAHo] Aelet A £xo &
T ABH) A2 TEHYU T FF 347 ")

3. AN ¥ A xddo A5 A
o]FH AL NIAN2WH FAEANA L HEslo] ALY & A 2o B2 A
g §H37] A3t AdHAF g A2de WAyt a7E Aok ol AlA€E olygt 7
Az FAL AXH IR TCMS £ ATO ¢ Hod FEE $44 & RAeln 1 7
A& 3Y 3 AN BogFa gl
© FMCW d#oitt AXZRE A A Fo 450 & o+ HEES dEdd Hygdx
o Ag] € Ad £=8 A¥sE otk AE Ay A,

@ 2% AEE 2AZU 5 30t ghost targetd] WAL Zol7) 93}
gdate] A € A £ HHE o]§5ld A FRE FZ3:
@ 48 24 dgdAY A € 2d &= HE9 A7|Eaje &%

Je 59 HBEESE £gFHoz dAdsle TCMS EE ATO A9}

3 4.

dxte] ALE BEIY) A4 A
A £xo gig FEE N F
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AME AHEEE FMCW dolth AMzRe MAgdxte Age
T4 X3E& A/D QE8AA 5§ T Fourer transformg £
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3t Agdate] Agje Fo £ dig FREXNY FaF 2L FE28 dopdnt o I
AL BFHoz AAL Mz AR AR F&E A doln AENHA) o] FofAo}
g dgdate] A Add £ d# 33 22 ol e S =ol7] A8 E FFTY
Data points& ZA 43stciof ATt dAe] FH =9 Z2AM AP $EE ud] =
Y "art ok 22 2F FAEE Fol2 FMCW ot AMEZRE A=A LA
2 FA H7e] B ALEZFEY T2 AN 3 ueisod FR #A2E A% Fa2 T
YARE B3 FAG ol de ABIALE FHs: FET.
stulg & 43

FMCW ot dX g o] & AladoA JEA] A2 R £5 JuE Fe¥ 9 J5 3
&2 ¢ A30EH #EL YAFArE. ol AJvE FEL doln AN 74T BY
¥ #eul", & dedd, T FId5, FH5 dGEF, Sweep A T FAAvE G A
A3 #dsE e dedvig, & MEFY F34, FFT points ¥ AW, H4x 53 Az 2 &4 &,
Fa+ 9 A, §= E8% Fol o ol Agvy gEL FER dPHE FEC] J2
o goX QFE AVEXNYARY 2L VFHHEF PR oof @,

AN A2F FY37) ARAE A ALY S5 € A3 2ok AHH Fourier transform?
AHERAY EEHY Z23PE 7HIEA Z2AAM Y dolE A FE FoF ¥

AE N FR AL At 4AY 71E gEe 4R Eoh

*H2 53 A¥ 2m *c Hi 3A £ 2kmhh
Y &3 A : 200m c Hd &4 £&  : 200km/h
° AY AT : 15m c &= EE : 2km/h

° FA FoF : 76GHz ° F3%$ g F  : 100MHz
° Sweep time : 10ms o 4¥Y FH5  : 500kHz
° FFT points 1 2048 points

A9EAe AY R &= 3

FMCW doltt dxzie AsNeAPes AHSe FH7EL fup, fdw, f.dp F°1H 2
¥ 4 AN EAX K] Sweep AT T) #2€ A B, C 9 Al FE22 T8 AL F o A
B oM E 24 A A8 FFed J¢ FH57 obd Fol@ FH5I d¥E 7
Aok ol d WAL WA AHAN T #89 A, C ¥E€ AA%L B ¥, F B34 Tw
<49 HolHTtez AENYJAYE FYT

A9Ee] AP 4= FE nAFL FAHE AL =9 EHeHA A doly &
7t a3 242 A4 gt &3 459 L 4 ()Y FHhs B =A% 4
@l 3 2AA XY 234 Age] RN 4 Q) A8 A D oH1 7 [9) o).

- L
dF = —& (1)
= L
T, aF 2)
c-Ty-4r
4R = 5. BW --=- (3)
c-4dF
A Vf - 2 N fc (4)
A7l A, JF : F3d5 8%, 4R A £, 4V, 34 &= 285,
T, @ 23 A7, fo P MEY Fabg, N : FFT points,

BW : Sweep HEE, ¢ : B&HEB X 10%m/s), fo : FA FHR$
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AgAxte 23 ALE 4% A 2al5e Fa4 Bl @Al 2 el sy & F
Boleg getulg gelM AR Fus g Zd o8 MEY FA$Y FFT pointsel #A§le]
15mel AT LS 7R ol dEA MY AFEY &2 £ AT &= EdvE F3
£ g ZEo] #Aglel Fas Eawo] siN AAFETY oA A MEY Fao vlEsn
FFT points <ol ¥ha] &5t}

AA 3% FMCW dlolt AAME HAYEas T 4335 Be
& AAEA 8 Roly HEYF HHE A7) e 0T EEEBEL 3
glojok ¥} ke mheEbniEl FelA AT A" 3% lome FIHs o
goezA BiATE FA77] AMMe T35 dId4EL Feordd. digxyoa 2048 points
FFTE £8% 4 & E3l%5o] Al2dol 2F38E 2km/h olUle] 28T B35S Adoh

FMCW é#oltt AAg o83 HPgdate 4o £=9 Ay FAHL 24 (5% 6)o] oA
A MG Ao Sxg ArIEate] £2E dAtdtd Agdae] AdsE e A&
= A ") 10
c- T, dF

R = =g e (®)
B
Vr - 2 N fc (6)
VI = Vr + Vz """"""""""""""""""""""""""""""" (7)

47l M, R : MBLRee] Ad, V, :dgdde ddigE,  f, =S Fas
dF 2 Ad Al &% Fud, V) AgdRe ddsE, V, @ ANty &5

4. A EHOlE % A

FMCW #ojtt A g ol88 A2dore AExXaHAe] tfsf] £ AFNN Q78 ¢ngdF
59 45H7E A8 thEd 2ol F X A W& oA,
Alg#eo)d 1

NEHHPe H4FH/HE Y87 At A719A £=7F 80km/h, 100km/h 83 M8 R
o F718 02s, ¥ AlIEE 10s2 3t 50 F7]o gg 7Hde voleE AT Fo o & dHol
BHE C++ & o]&3leq FHE ¢1FS AL AZXNAAA L Y3t =3 7149 dlo]
Eo] AXo] & F7)9 FM-AM ¥# g F7HAA AE XHE HE AEgdold &yt
Agdate] Ay 2 £ FEE JYeblle FidF JEES XY o o8 HJEE9 e B
5 & kHz ©lglo} EAEA Ho) FM-AM 313 38 92 #3z2 s Fa5 JEES 22 f
Aol EAEA Hol AFY AL UF FEE ASAZ diFHos B AdF9 2 vaF
g g 722 Homodyne FMCW dlojtt AME A1 43te 299 FM-AM 88 #Fgo) 743 &
Aeoly 2 ggee gL nx= FLL mixing ol TAHE 1/f FL3 Thermal FEol
Zxu & = Ao ol#gk Homodyne FMCW #oltt A oA FM-AM ¥& #&2& Thermal &
goly mixing Fol 2AHE 1/f FE2T} dominantd FE HEo|mz2 B JdFdA e A& o]
A #HAME FM-AM ¥ Fgo dsfiMwt zsiziz gy, o#3d &g HdEFde
FM-AM ¥ g9 nzx3 HJRE EA48A 82 50% Al 2 225 487 30%9] 4 3 1
z3% HEL ETFANZIZE o "y JAsEE FM-AM H28 288 2 dFdA Agss
FMCW 389 F7] T, 7} 30msel=2 th& 33.33Hz8 Fa5+ 4B 6666Hze] A 2 n2s A
¥, g 100Hze] Al 3 23 AL 5€ 7HA+ &Ll @ Relgnal

ol2{g FM-AM ¥ # e3¢ Al 2 zxg AL, A 3 223 Y2 Lgses S 58 0%
o REAE MY dHolEHe &
ANEa &% ¢ 80km/h
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(1) 271 % 90km/h, 271 €27 A2 20milA 10s ¥ 100km/h2 4= 7T

(2) 9 ()l N3 AFo] 22 Av]9 FM-AM ¥3 & 7L
247142 4% : 100km/h

(1) 271 4% 100km/h, 271 E22F A 50mollA] 10s Fol 0km/h2 &= 7,

(2) 81 3ol ANz} NLo| 22 AJ]e] FM-AM ¥ &g H7H
AgHol A 2

HP 33120A function generatoro]A AlE#oldg H¥ 7139 doltt AEE ¢E Fo Data
acquisition boardg %3l IBM-PCE dgol A% M2 AAL £tz F¥x vl of
22 missing®} ghost targete] 2 i ANEHIALE FHEH AL M3 dHolEHE 9 b
oJElg} B2 do]H & UES FPIA '
a3

Aol 19 Ao WE HF AY 23 R &9 239 #7 missing®lY ghost target
of 4 £ E 2 M E9FR ok 97X missingol @ A2 AGgdArt EAQPANE £
FHIL ZRAE R AFE vy APERe] g &4 A R £ e HEA g
o2 d4sA.

X 2 A EHA 19 A

g 2| 2XHm) g3 55 2XHkmnh) Missing |Ghost target
Data 1 0.2436 0.2436 0 0
Data 2 0.2499 0.2483 0 3(6. 25%)

DAQ EEE o] &% HILS /i3] Aol 29 ZFAd o HF A" 3 R $=9 2349

A missing®]} ghost target] ¥4 € & 3 ¢4 BgFT U}
B 3 A& 29 EA

gz 22l 2AHm) g3 &5 @XHkn/h) Missing [Ghost target
Data 1 0.1962 0.2037 0 0
Data 2 0.1981 0.2042 0 0
5. 3¢

A9 A gHo)dE T o]FHNT Yo Y NIALHFH FAL ALY a8 HA
A€ A7) A8t 2 AFo)A ALE FMCW goltt MM E o] 88 JYEAe] £x9 4
Ydatgle]l AYE A A ERAFHAY. L3 A FAY £ A& FEE Ageq,
missinge A¥ HAHA k1 FM-AM HEAEFE RS W ®E 2 4N BAAX]
ghost target®] 2ol %k AAT. oA F £ HZJo2E =49 YIHH g Ho)n
A% § dolHulolazstd AANRHoZ wEdd AA ARVE 32 £= UL Hold,
FMCW #t8o] o}d FMSW o8& AME3E2 A ghost target& ¥ 4 A& Holgd Azd
olgig AREE FAAAANLHEA TCMSst ATO #3A] 3% $FAUFEEA o]FH4gHd 9
B AZA2ETH FALALH ] XYM B A AW FEE 5 UL Aoln.
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