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Abstract; This paper presented a 77 GHz Frequency Modulation

the module of front-end radio frequency transceiver and the mod

ve (FMCW) radar system. The system mainly includes

ofdigitdl baseband signal processor. The transceiver module of radar

was based on the design of the front end transceiver module of§Calt@rah 77 GHz CMOS CAL77A2T4R millimeter wave chip. Digital

baseband module used S32R274RM chip to complete databagflisition and digital signal processing algorithm. Firstly, according to the

background and requirements of practical applicationsf{the
in radar array signal processing were introduced
ment, velocity measurement and direction positioni

date time was compressed within 50 ms,s
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eters of 77 GHz radar were designed,and the relevant core algorithms
real targets were detected mainly from three dimensions: distance measure-
nder the premise of ensuring the measurement accuracy, the data processing up-
he r’l—time performance of the measurement was improved.

ation Continuous Wave( LFMCW ) ; automotive radar; Digital Signal Processing( DSP)

A LIASCE B s H b A R Ik AR K, R B )
KNI BB BTG (9 & S o s N L T
SEPRFRBT Y 2 REE A A R, S PR O AR P A
W e Xof T 7 2k M 0 A AR R B R BRIt 2 A,
i VA B AR A M 0 S R AR R A AR IR
BREREEIRIR, AXHTRNEY L HBGES
Aib PR AR GE R B, LR e S 3P S A RS 5 0
1 ES45H
1.1 i RE ) iR R

FMCW 5 35 % 3 — /> HE L 915 5, o RS 28003
15 5 22 i AR A3 R 1 5 5 981 il 7 A — e 45T 5 i I ]
LML AL B HE R BT WA 1 P s A 8 A D B
W T, EIGEAR f, AW B o W

(FBHARE M %542 )2020 F 5% 39 £ 5 4 4 53



M 4& 5@ {S ¢ Network and Communication

TR H oA, B H AR R & SE S R
W, rE R IER 7 = 2R/c,R W EHARIEE, ¢ HH
il I A% 4 S

5

BT RS R

54 5 B B 5 S A
e A BRI RO B02 (55 AF AR

o= g =t (1)

RS (1) AT DL 5555 A7 25 FL
A9 BB R {5 5 ST A 0T LG9
ST - 0 Bl — 25 X £
ST AR AT S A 0 0 f T
e

s(t) =Acos{2w[ﬂt+%t2] + @y} ,t e [0,T]

(2)
Horf, AN SR, fy AR5 200, B o i il 5 v
T A H ], @0 FRIARARAL o XF N F) Bk s A
TN

(1) =2w(f07+2%ﬁ> Q
BB ES £ RN,

r(t) = KAcos {2 [ f, (t &

goo} e [0,T]
T B0 2 AR TR U A — I 7
R 57 5 AR 5 B 5
Au>=zﬂﬂu—7>+§%u—TV] (5)
e e WL S W 2 0355 305 47 TR AT, 28 3o {3
T 0 1355 M 25 8 0
mU)=nU)—nU)=2ﬂﬂT+£ﬂf—
(t-)°] (6)
S oA 32 22 8 B 6 SR 5 AT B K 15 2
% RJEIE R (1) AT LR B R, % 18 5 5 bR

s R A 008, B LRI 5 2 A i B 0%,
KA ARBR Ay 22 IR S, AW AR 5 B A AL

ZRPE(6) A KRN .
p.(t) =p,(t) =p, (1)
= 211-{ (fo 2v +% —4BR°U)t +L(@ —431}2)#

Trc chz 2Tp c cz
2R 2BR 4BR
Hn 2 2 2 (7)
c T,c T,.c

[T o< o TR LRI % AL 950
B
po(t) = 2w (f + AL+ 2 v o) (8)

1 LA B2 A R0, 32 3l H AR Il s 2 B 22 4045
SATT LUE AR — AR BUE S, 05 5 S 8
TR AR B 5E B, = 4Bv/c S5 RLE) A
fo =fi +Af = [i20/c + cT 2R f, =
2o/ RV o, Ne - 2BR/TE . L

HRAE 224015 5 0 e 2675 B 2 % B A
LIPS N RER T LS
1.2 KA it R IR

2, H IR AN AE A — A H AR, H 1]
1| 1R 2% ANAH QB B 0 2 A — 1 [ 1Y R 2%
P b B L B e 1] B L R A A I ) ke

&L
o

@i AL 2 41 5 T 934 7 1] ( Direction of Arri-

val,DOA) {5 &, il i A 7+ #1052 22 7] LAS 2 % DOA
Ak T, B A AR 5 1 15 8 o

B2 M Bl B T DOA A3 B8l o B i [ C 1]
FERy d, FUAR 138 5 1) F0 R 2325 ) e 71 kg 0, U AH 4R
B JC I R 22 0 dsing b ARV 22 0] R N

21Tds1n09f0 (9)

K2 DOA fiif s

AR AR 22 5 B0 wT AR Y DOA X Rz 9 J7
] Ff1 6 o SRR DR 5 BUoE I DOA A 31 ) AH 5%
A
1.3 HFHEREM

BRI S R, R I 91 K 2 AL AR i i 0 507
{5 HEAT b B, AT 75 391 B2 07 1) B )80 1] 1 2 i
W BT AL A B X — T ) A S AT
AL AME , SCBLIER A 1) AR, B 51 K 4Q e 1 4 W i

> (45 B3 R 5 2% 54 )2020 % 39 % % 4



Network and Communication « [ 4& 5 iB {5

Ko XFPLEREATr ) FIE e A4 ] 45 WO a1k, Bk

h BT B A A% ( Digital Beam Forming, DBF) ' |
W3 B, [ A5 5 28 50 205 AR A A 2 25 1

i BT B AR S, 3 — A Ty e R R T R

NN

Nmd

(sin@ - sing,) ]

sin|

1
N

F(6) = (10)

. orwd, . .

SIH[T( sin@ — sind, ) |

Kb N HFETTAEL, A A TAENAK , d AT
PR, 0 A AR 17 .

DBF& Ak

YQTQ%E%%HAmﬁ—
Y—{‘FX%E%WH ADC H

RS 2 A ADC

BUPARBLAME
3 DBF A

B BE H b A T oz b, J7 o1 5 K 2k 4k

0, » 2477 ] ¥k oK B0 2 BORTE M f 0 = 0, I, J7 9]

KR F(0) = 1, RIJ7 (e (R4 [ A2 £f 6, 7510 .

A, ok R

<

PN (11)

(12)

F(09) = Ter( sinf — sinf, )

AT DAAS SN H A )
d_ 1
A 1 + [sing, |
AR TAER R A B E f5, H B [ T H)
PR d AT LA A2 b, AT Hh B . — A4 4
FEE RN 23 60°, i DAk 1 ke Hh BRI 3l E
Bd/a <0.5,
2 FEREZXRFZIEI
2.1 BBt
TE R B RITHE R a8 4 FroR, R F#
FLFE P AS BB 43 < S TR i R B AT R Al Ak B
Rk,
S AR S AR R SR T T — A i BEE AR Y 77 GHz
IR e, R A i S 3 | D A 2 W R
R AR R A 22 I (FMCW ) BRIk {5 5 & AR 4H

1

1

!
gty | 7
Al

1

i

1

4 Wik ARG

B, R L% FH 2 & 22 W ( Multiple Input Multiple
Output, MIMO ) AR S 2 x 4 A i a8, #ig b
A A R > BRI — A . WOk S R R T A
i i BT 5 04 B AT S A AR DRI B AE S B, TR Ab
A BRSO/ S0 b BOTE IR A o A B A
TR EEA 4 B 16 bit KUBEEE 5 2% ( Analog-to-
Digital Coverter, ADC ) K FE R I & ] ik
10 MHz, iiff & fT 5 1Y Ko WAMZS S T
ZAEHEES B Signal Processing Toolbox,
SPT) , RS 52 B X M IF AT Ab 2R R s S IR
155 4k B R T A e L oA 4 (Fast Fou-
rier Tr %FT) SRRGAHRL T B R 18 Ak
[ENGZ T 17 7 3K S e 2 /) B )
i 51 B i A B

\Qau@ S R S0 AR P L — A B R 1

O

O T AR, R A B R A R R AE T AR N
A R IO T T D R 1 A R g

S, 540 3] 4 #H FF ( Phase-Locked Loop, PLL) 5 i J&
¥R %8 ( Voltage Controlled Oscillator, VCO ) f= A= 2k
PRI B2 0, SRS AR 28 3 OR AR S R B AE s
FAR A M1 15 5 e e R 2 i, &0 — I e
K %% (Low Noise Amplifier, LNA) 5 % 8f {5 5 47
TR, 77 A2 19 22 4015 5 28 3 K 38 0% % &% (Low Pass
Filter, LPF) i 45 g 431 22 80+ 40, FF 28 3 2h 30K 4%
(Power Amplifier, PA) X} {55 47 5 K, 15 3 14 A 45
{55t ADC SR B F #0857 W17 815 5 1 AH
KA B

ol

S>-@PHEHAEHS

0—
RX1

EJ—M—‘—- =HAHA
— Pgn U e A u e

I

- @ P

RX3
LN W 7 /
o> @ P=HAHEHA

Pl 5 S b BEASE B g by Il

(FBHARE M %542 )2020 F 5% 39 £ 5 4 4 55



M 4& 5@ {S ¢ Network and Communication

2.3 HFEGLEER

AR Lo A 11 2 1 569 000 i o 3 1, TR IA MR 9
Ab P B LRI FFT 88, 75 TR A 7 5Ly
T e 5T Ak A R VS R TR R e L AR K
FERE LU TR A RGP P8 FE B o 3 4
R GEERME 6 FiR,
B,

= anc = aco = e B e |
L —

CTE

SDPLL_CLK80 XOS(C |40 MHz

B 6 BT IR AL B

SDPLL

A2 X fh & 5] ( Cross Triggering Engine, CTE)
Pt 51 8 35 R GU A 5 19 SOk N R 7R A AR BRI AR
P, EEJE CTE fil % ADC R AE 38 LA S 807 15
5 4b 3 755 ( Signal Processing Toolbox , SPT) & /3 4
Ao I B R 47 5% 25 005 R S B2 42 16 MHz 1)
PNERES B, JF 25 ADC 24t 40 MHz (49 41 &R i 4 o A
o #y AR (Mode Entry Module, MC_ME ) #5 il i &
DRER ST B8 A A 2 B B U 48 e 91, ml AR 9

%*M—ﬁhi?ﬁﬂ%iﬁ@]%ﬁ%ﬂ%—ﬁifﬁﬁﬁﬁo
1. RESET .DRUN .SAFE TEST % & G i . iﬁﬂ%

S A 2T LA T T R A LR A B B 5 114 T RS
2.4 ESHERE

AN FUR AR 7 iR, SPT 1@;@;{:@
Ab PR, — R e 2 HRRSE BN 8 sl id el e Ak 1,

Wi
0G [> FFT

(S ERER FE g -

BEESKEHRESIN
1 HEHER

TEAE 5 3 B I LR At b, A SCHEAT 1T s 07 5
fEse H AR 2 7 35 100 m, A XF 3 90 km/h, ik
SR I B = 250 MHz, REER £, = 10 MHz, 5
KA T, = 60 ws,256 miRAE, M+ Rt E &

DBF
)

3
3.

5121% [ 8 TR R S

45

i 22 0 5 — b B8 0

X:90.401 8
Y: 100.546 9

! Z: 1

3
: 100
200 80

e 100 40 ©
% 200 T e
% 070 20 gl

P8 B/ A ) B

B A T £ %600 R R H R
M e =0°F1 6 =10, 7~ R IH — e &

4R <|

Ir X: 0.1
09} Y: 0.998 73
0.8
in(
P % 0.7
1)

02
0.1F
-80 -60 —40 -20 0 20 40 60 80 100

FAIZ/C)
(a) AFRTT 3 F0°

X: 10.07
09r Y:0.999 4

0.2
ol /WV\/\NVWNNWM WVW\W\/\M\A/\
0780 -60 4020 0 20 40 60 80 100
FAE/C)
(b) BFrIT I F10°
K9 HEsH O E

3.2 MiKER

% IR S BRIN L A% BR 4, TC V5 s 7 3l F A il
AR . N T RIEAR OB Y T IR R G, W 2 AR
BNH AR #EAT TR IR . AARL TR K IE AT
J5, B A SR 2 1 Fros , R 22 15 2% LA

2 (45 B3 R 5 2% 54 )2020 % 39 % % 4



Network and Communication « [ 4& 5 iB {5

WL JE T2 N
%1

RN IE B IR E

WA E /m WA {E/m W/ D
10 10.2 2
20 19.8 1
50 50.4 0.8
75 74.4 0.8
100 100. 6 0.6

Horp, HARAZ T 100 m &b ik i 3000 2 25 R 40 14 10
F)?i“o

iR A g iRl

X:0.074 944
Y: 100.592 9
Z:41.2422

40
20

0
=20 el
LA

P10 g/ 3 S Pl A 45 2R

*Bttiiﬂﬁ%ﬁiﬁﬁﬁ,iﬁﬂﬁ%‘ﬁiﬁEﬁ%
TIE A i I BRSSO/ AR R 25 . SRR

R R AR R — T N 2 A AR N
JEMAE R IEAE = 1°, N T I fiE 5105 &
WAL 00 10° 75 £ B Ay & Z5NE , Bt 11

IS
4 #ig
RILESWE T2 W5 R 38 I kR

(Fast Chirp ) 125 2 0 % 5 3 I 5 52 30 2D-FFT, 2
2 B B A 20 8 o P X B 8 A R
SRJE IR CRAR B bk o 32 7 7 35 4 5 28 R8T 1 15
WE L s 05 R FH DB $% R 58 DOA Al 1 bk 1 75 1
B g b G0 B 5 L B FR B A B SE R T
A B3 52 B 0 RS AR . R A i A
B RS T G TR e T B 9 5 R, kM
5T O D45 R 70 T 50 ms DL P, R 6592 B %6 40
S AR 0 S0 T, L 76 4 0 B b %
T B[l (0 A5 IR R R AT B FFT
S0 01T 2 4R 1 48 B 3 Lt 2 1 KO 5
S 52 W S

N

=
=

NW R LY
T T T T T T 1

%100780 260 40 20 0 20 40 60 80 100
FAIENC)
(@) BARTT AL F0°

;-3

&

1!
4 4 0100780 -60 <40 20 0 20 20 60 80 100
\ FRIEIC)
(b) BFRJT I F10°

& 11
MAE N A L Z BT — 2 T DLtk —
WS TR, A0 AE TN 5 2% B IR BE R, R L R
FA) 52 M gt 2 A S ER B BG4 IR R DU R
B, X Xf CFAR 1 DBF &b B 5 vk 76 N B 2 42 & 3
EAE 2 A BEA X B P o Ak 3 Y R
1570 LNy Y- A A X B[R] B 7E S PR . H B A
HEME L WREEE R T — 25 LM e
7 o
S % Xk
[1] XIA W,ZHU J L,JIANG W Y. An enhanced mixed modulated

H 45 75 {2 52

Lagrange explicit time delay estimator with noisy input[J].
Frontiers of Information Technology & Electronic Engineering,
2016,17(10) :1067-1073.

[2] XIA W,ZHU L F,ZHU J L. et al. A shrinkage variable
step size for normalized subband adaptive filters[ J ] . Signal
Processing,2016,129( C) :56-61.

[3] XIMEAR. A2 K il 4 6 e M S o B9 [ D] . e &t
I 5EL T K2 ,2010.

(4] WRIE.77 GHz 2K B H A E S AL MMkt 5 5%
BID] . pg 5 g 5 TR ,2018.

(T#% 72 W)

(FBHARE M %542 )2020 F 5% 39 £ 5 4 4 57



W& 5 i@

f.%.' e Network and Communication

ﬁik%%ﬁﬁ%ié KAt Vi | e 2 B R R A a8
HOGE AL . TG HL R B W K A% 1Al LA

xﬁUDé/Jhu}#ﬁ P B AR AR

S % 3k

[1] SACKINGER E. Broadband circuits for optical fiber com-
munication[ J]. IEEE Circuits & Devices Magazine 2006,
22(3) :38.

[2] W4, Az, BRI, %, JE T SiGe BiICMOS T.Z M &

HAEE WAL BT e [T ] R R ¥4 (A RE

2 5 TR R M) ,2018,51(1) :57-63.

GALAL S, RAZAVI B. 10-Gb/s limiting amplifier and la-

—
W
[

ser/modulator driver in 0. 18-um CMOS technology [ J].
IEEE Journal of Solid-State Circuits, 2003, 38 (12 ):
2138-2146.

[4] HE R,XU J F, YAN N, et al. Design and analysis of 20
Gb/s inductorless limiting amplifier in 65 nm CMOS tech-
nology [ J ]. Journal of Semiconductors, 2014, 35 (10) .
95-101.

[5] SONNA P,CARRER H. Broadband programmable equaliz-

[

er and limiting amplifier for an XFI interface in 45nm

CMOS|[ C]. IEEE Conference on Micro-Nanoelectronics,

Technology and Applications. San Carlos de Bariloche,
Argentina, 2009 :77-80.

JINDAL R P. Gigahertz-band high-gain low-noise AGC am-
plifiers in fine-line NMOS[ J]. IEEE Journal of Solid-State
Circuits , 1987 ,22(4) .512-521.

[7] HUANG H, CHIEN J, LU L. A 10 Gb/s inductorless

—
=)}
[

CMOS limiting amplifier with third-order interleaving active
feedback[ J |. IEEE Journal of Solid-State Circuits, 2007,
42(5) :1111-1120.

[8] HOU Z X,PAN Q,WANG Y P,et al. A 23-mW 30-Gh/s
digitally programmable limiting amplifier for 100GbE opti-
cal receivers [ C]. IEEE Radio Frequency Integrated Cir-
cuits Symposium. Tampa, USA ,2014 :279-282.

[9] TAVERNIER F,STEYAE

limiting amplifier in 9 C]. Proceedings of 2009
ESSCIRC. IEEE ,200

(WA H 31 :2020-01-18)

. A low power,area efficient

AN

EEE N
S =) EEEE, B WL A, FEBR

&leﬂ“ E-mail ; heitao@ mail. ustc. edu. cn,

(E#% 57T W)

[5] EAMS, BEK. — 4 FFT 851 LFMCW &
PR N S HAERE T[T ] . R
28.32.

[6] J& . MIMO 3k JE 92 i A
VG227 2 HL TR R 2,20

(7] BRE PR, £4, K306, % J% HUJE 1) MATLAB
EARAIE % )L 16(5) :97-99.

[8] FEGER R,HADERER A,STELZER A. Experimental veri-

FJI‘

fication of a 77 GHz synthetic aperture radar system for au-
tomotive applications[ C].2017 IEEE MTT-S International

Conference on Microwaves for Intelligent Mobility ( IC-

72 (f5 B3 AR M 5 4

‘b MIM). IEEE,2017.

(e H 17 :2020-01-17)

EEEAN:

TRBHE (1993 - ) il AE1ER 55, WL 0FoR Ak, R EF AR
J: FHikfE S & 4 % il. E-mail: Aleven @ mail. ustc.
edu. cn,

MARIL (1959 - ), B, #4%, Wi LB B, 2 HF 5L 7
[6] < G A A0 0 SR AT A S R T R R R

FER977 =) 5B YFIN, 2058 05 « F05 4
I BT RGBT

2020 4% 39 £ % 4 2



hR AR 7= FA

GAEH A, R TR A & N EAEER) BT (15
ERHAE NGz &, LREKRTHE R BIETHIM .
LR A/ N ATFIE G A PP IL %R B Fe b AT13 6 N 44535,
AGAFBERE, BE—ERMSELTRF S IEE EE.
MR AL L,

BE B AT, AL LEEA T B BT o IR E
(CNKI). 7 7 &35 it R 5-F 6« F AT 88 & (4
LW ). IST B AHHEEARIREAM HIE S SR E A T
.

*t T ik R B 2R AT A S ik iR AR R ARE ALY L 4B 4R
Fa AL RFIHERIR—I) b B AT R Y E SR A.

R

(FREAREM & ZE) JiEl
i R B ET R A RSB ANPTIRT



	0410
	页面提取自－XXJSYWLAQ2004-10.pdf
	XXJSYWLAQ2004 72

	版权声明-信网-.pdf



