—t

www.kjdb.org

RS 2017,35(20)

.ﬁﬂ.
S|

B, K

BT MEMRKRFETFREIRFR, FEARBEEMELTRAXFT R ELLL T, H % 210016

RE BrEAXHTEXERFRNSRMNNEZFER, ST . SHE . IRRVU-EREEAREERNBIR, X5
IR EMEENEFRRESHSERE, BEZRTEFRIN, BHESHE BHMLBEEERR FERRAEREE
TETR . XFRARGEBERNAERE REARE IREZTMERFE, FERARMELHFERIN BT RREHXE
ERERAR, BINAFRZEER AN TER, TURELREHNEREEREHTF, ATIAKBE . L2 MESH
], FREFRAMSINGTEATZAEFELRENGES, BRFELREEMESNET N, ALEETERMEFEELR
SHEEMRAR, TR TATFELREPHXBER, ARBTAFEEREXBEANLRES

REBW RUENRTFELESTE FESOE; BRTM

I RPN NI S N AU E 27 S TRV LN
1, AMEAT KR K A5 T T R 45 S 4 A AT 25 () Jig
TF R I8 A A5 SRR a5 R s SR fe A o 25 ]
JETTROME B S 3R 1 ] 5 Qs A R BT s 17 1A
T IR 45, 3R T 58 0 23 [, S2 U7 AR BEAR
I AT LU 5 S B S T, S8 e e R A5 R it
BRI ZAE S5 . BsE BAUES P EE
gt I Bl S RA IR IR SR AR KAk
ZRFRIE e BB A4 Aol o ) T BT B, A AR
JRZETE . SR, B A BOR I A R X PR IR AR R
B RAE SO AR R TR B AR R B AT AR
AR K, A PR R ) FAR AR AE AT R Rt H 2552
7%, (AT IR BRI R GEA AU B K SR RN A REA S8 A 45
PRI 200, H A A i 35T BOR 8 ik MR REAL R g
FUAR, SCRE A& DAL IR 2 FAR s BEREI b2 |28 FAR, X AE
PR F AR BEREZEST 2 HARIR AR BRER , SCREIEA T i) S AN
ST ; B REERAAVUNGR F AR, SCREAT AL BIE A8 e /N
SR R BYMIUN S E Ty AN Peiv € (2 R b7 A =i 77820
SR CRAR R ) BRG] R IR 1) 25 22 b
1E55 o SR AL SR IAREA LR T o — D RE UL AT, I —4%
JE TH I8 HAESE I — Pl el R — IR E AL 55, XA ] R 233
BREATR R AR 1) TR i hh A 2 AR 2% St AR
7 TR A SR AN, R 2 & 43 AR A
HEALEBE;2) AR, R A AP REAS TR A TR 35 12 %

ek PR, A5 RGN I [R]_L A B S5 BT, iR
SNV RALRE ;3) TEALM KL DR SE B AT BRAG A 25 1] |
A FRAE U L A FRBEIR L2 RO 2 b [l e B 22 R T ik
R SF R Y P T HE A AR R R, X B ) RN RE T 2
MR 4) 25T IR S E , £ i1 X 2 g3k
AR, AEAFRE IR . AR IR AR AT DAz >
W B, — 75 11 7 18 1 2 XA AR SN AN 5 B BT AR, A L
XL BAT B W AEAFRE DT, o5 — 7 T AT LATE R — R ik v
[Fi) IR 52 B ml PR 3 D) 48 7R 3K B DI RE , 1 Z A 2 Bl AR
A WEAN, AT TEAS B A T IR I R AR . RSB
EZBIIIRE T — MR BT BT, W AN 22 i BE v vl 52
P T IA O E B A R

TN S 2 B A T E R R 3k, S SR e 2 i
AR . SR AZ PR FL A, 1R A LS
BIEHAE 510 A IR ST HOR AP &
TN CH 22 P BE AT EAG TR AR T A . ML TS
HLFHOR , O THOR RERS R At w IR 2 BEY A IR I
RGPS ER R 98 A T 7 A, 25 T BUE R A AT
AT A AR R e SRR AR LA B A MRS, BBt
BRI HAE = R AR A REOR R R A 28 LU R . IeAh,
TRBOE T BTN T H B HAT L AR AR T R et
RLRE TR LA, I TR T-HOR B F ik fiE
RWOE ML GE i T TR, st A S e e ik
ZIEARNERE , B ZA BN T —AUR B R, I

WAS B H:2017-09-25;142 B #1:2017-10-10
AeR A AR ARMFELTR A (61422108)

A& A G B, B, LT @ A RO T AZ 5 7 £ Ao R %8R, 245 4 : pans@nuaa.edu.cn
FURAERE AR, TR SR T F X B RBEHR)]. AHLFR, 2017, 35(20): 36-52; doi: 10.3981/.issn.1000-7857.2017.20.004

B 36



—t

#%S 2017,35(20)

www.kjdb.org

BTN i e i B O N | 7 7 St A

T B AEA: Lok Az 2] T EIPR2E AR R Tl 5t
] 50 0 v R, S [ 3 e R 5 114 =) (DAR-
PA)ITAERBESE T A+ A0 H R OB P iF el
v % AT EIIE 4 (OAWG) JEHOEEE 5 (ADC) A4
HT5 TP BHDE T AT SRR H AR AT,
VR KRG A X BRI s T AR AT T T A SRR, AR R
B PROTHAR B R A O FER I &R K
BOEFHARNHFZIHEE B RGEC AL E R B HE
TFFEIRAT, DARRSE R 5 1557 “ 4 e F ik (PHODIR ) 10
H B MBI F AT HAR M 2R F AR RRIEREE
R B R SRS T RS S G T A R AR
Wt TR s [ 5 5 A T T R A R DO TR R AT
P = R — S IR, TR O T & 402 . 72 PHODIR 3
H Ym0 57 1Tl Ab 6 7 35 5% 317 (PREPaRE ) 10
H AT s Rk i Tk AT, LUK PHODIR 15 H
B IAHE R Tl ik, 357 F T 5Ea IR A S o=k
WA EATIRE” (IPHOBAC) I B , i 7¢ Se it Mg DL 7R, 1
55 v AT e i 8 R e M B R R T T T RS BB U RS
SRR RIS, & T F— A LR T R Y
JFHTEG” (GATA) I H |, & i T Ak A AL A 51
REITESR DT HAR IS REFDEE S K, R
ISP AW BT SR A RO B 6 A KRR AT HEA T FUR 3 ]
BETIE TR AT I R DR AIE . B, St
TR IR FAR TN B AT IR AR , g Tl AR

ﬂt&
S|

VEOI S AT Wi o T3 58 o AR SO [l 85t [ P9 SN 5O 1 ik
PSS Zi% NSERAE ST IUE S =20/ Wi I DU ¢ & R R Pryis
— DR AT,

1 REXFREERGHAERR

H A FE B oo 73 ik A SE E R R 3 4
KRR, T E A AR WTER BRI P B T I B AR
1.1 ZEEREEFISEMARER

FLAE 20 1140 80 4E10 K, S5 18 DARPA s T4 S F5 il o
TR IR ATEZT, TR T & 1 A & Rl . AR %R
R TR BRI R G T R K 3 B, B 1(a)
R A% G s 7R IS R R o - B Ak I B R 2R A AR L B S
TR BT, 135 I AR IE 8 ) 2% % 3k R T A [+ 2 ) ) O
SRR, FTAR B B A5 5 2o i 0 45 2% 2 s b B AR
BUG I ABCT B — 2 A P AR R AT L 1
5t — P e Rl PR 50 B, LA AR ZY 0 1 dB/m, K BE
BIL T Z P08 A BEAMES 5 0, Tk R 5] A K i
FIAEL P s 3 T RERE . PRIIL, 38 E DARPA 7655 1 B
BRI CAE B 9 0 2, & 1 () BT, 1 FAB A
PFE B OCLT (L RARFE A 0.0002 dB/m) U AR | BT &
K AFETAN ) B LG TP RVl 48 o 3B BE 1 B 78 i
R 20 22 70 AR A E BGFHE VEH AG “TR A 2, B
FH A A TR km N 24 KARUETE KR 40 A, 1X 28 K2
BIGET (L4 1.42 GHz BS54, IR A B D B 454
R RZ

(a) | RRMEF| > RFHCK > REMN [ R%%K

mallit Lt W

WiRA [ Sl

B e R

(b) | REBEH| > RFHK > RFMEE¥E Rggzﬁ

X EEERD o e

WIS xRl

Yot k7 |

(c) | RERMEF] > RFECK [ RFIEENE > HOEEED

O ol

WiRA [ bl

BAEHRRS |

(d) | REMF > REECK > @80 —> i

Heipe ok

JeiRA [ JeEER o Rl

B 1 DARPAIENXFEIELEEML

Fig. 1

5% [l DARPA RO 75 1555 2 B BEry H AR 258D
(FLERS) PATE M 2 , T T AT TE 1 50 T 2t OR
AR | FLAR 0 A% R L) A5 SRR AR B AT SR R 2%, T 1 ()
R o XA B B i MR R 1994 48 38 [F AR T R HLA 7
(Hughes Aircraft) S 3 (1) 35 T 27 o0 B W 265 1) w45 2L
B, TR S ORI AL BRI B S ARG S i

Development plan of microwave photonic radar of DARPA

HTR SR e S & S S R, i 2 B, Hepolg
SE P AR R FH A S e BT B 4 35 T O TR SC A RE A B . 3% AH]
P RGN T 0.35~2.1 GHz YL BN 16 F4 50 1Y +45° 70 [ 4
L3V R A BEFIORE B | LA ST 5 AR 0 B A ORI 31 33 o
BRI ALY

HEA 21 285, BB GLF AR B E R & b PR

37



—t

www.kjdb.org

¥ SR 2017,35(20)

S
v

HLEERTHERE| | HUE R BESR
16.3~521.4 py P4.4~782.1 ps

I
4x4JE e il
Sr AR

I L
— = l
DIEAE PR DERERHRLY  DIERE R bk

32.4~1042.7| B5.2~2085.5| 7.8~3126.2
ps ps ps

o 7 iu!iﬂ!’ g

% ; S L B
Ok 2R

2 EEMREWWIATEXESELERERRE

Fig. 2 Hybrid electronic and optical true time delay
module of Hughes Aircraft

KR , O A AR HSCR AR B T, O T ROR BAR R T
KA I, 55 E DARPA RGN0 T F s it oe 4 3 Bt
FURRAE A GO 115 5 b B A 52 B, 301 BT L0 ES T AR Ot

W T A BT I, AR 1 (d) BT . I SEE DARPA %%
SE T T HM AL R AT S AT R R (PHOR-
FRONT), “Y&F UG A " (P-STAR) , “iif T Sl & 596
TH AR (TROPHY) , “ 8 ¥+ 2 T RE 6 T & 4147 (UL-
TRA-T/R) , “ WAL B WIE =47 (OAWG) , “ ] AL O F
HEALFEES” (PHASER) | “ KGRI 56 AD AR 4 H (R 671 5
FE4RHAR” (PHOBIAC) , “FLABG(5 S AL (AOSP) , “ Rk
N TR (APROPOS) %5, HATAS /DI H K H A A 10
HiB e AT . U4 S DARPA YOG T4 5 A
TRIENTIW Ty, KRKHES) T IO F24 9 & 8, B ILT fin
LTS AR TG A OE FH i R4 L
HIRIER

1.2 BB FEEMRHER

AN T3, B TSGR ik RE RIS .

R KB 55 4 2 ———8 KRFISF R e+ 5 B b ik
POCTEERRGENRIRE 458, B3R, $14,%
FHSETFBARGH B ST e 1) 78 i, FZEALHER LR BE7 745
NI I B B AL i 5 5 56 228 SR DG 98 U 2% () S AT )
AE , BLFE 0 B 2B AR 5 e A R PR
HEA TR AE 5 MRS AR D AR TR G AL B 5 56 3 8 PR
BRH s BARAE TR B RGP R AT, 329 SOt i
T AR TR IR RGP IR 56 4240 R TR AR E S
KRG, IR RIS AR TR IR BRI

= X

[

| i Erd:

=1

W EE2:
T se L 2L s Th fiE

BB
TSNS R 4

T HEA RS

- W EE3:
JerFRUCIR A R EA

B3 KBAMKETFEEREAL

Fig. 3 Development plan of microwave photonic radar of European Union

KB 26 1 e 7 38 2 40 I A ' 7 B R 2238 1 2
1996 AF- KK $5 K Bl 55 HL T4 A ——Z8 140 (Thales ) 5 1 58 %
ROSEEARPE AL, anE 4 () s o AT 38 ERT RAL
N ICET I AR B S R G, AT A A e A B &R
iR T 28 DG HE I B 5 i i HEA TR . KRS
TAET 2.5~3.5 GHz, ¥ 16 1F4E7T, ATSZHLS bit Y 2 A 425 il
A6 bit AN R SEIR SRR T 2.7~3.1 GHz il Py £20°
BRI SRS ), TCU ARABRI RN o IS 2 0 4R T I 25 [1]

Bl 38

FEHERF ST B 1 EAE B BT, R HEAT T AMAIR, vl s
P 6~18 GHz, 314 £ & Ry +20° A4 TC Il R ARH I s o . it
e 8 7 Angs R & 4(h)~(e) FiR

2013 4%, B ORI [ 7 M 246 5250 25 119 Bogoni [T BA5E A%
T IS G RO T 2 8™ E R SRR 7R A IR
KASHLPHODIR (& 5(a) ), % TAE T 2014 4F 3 A 7£{Nature)
KA AR, A ARE S BB A 1 O
WA B TE 5 RS . AEMIOE RS &4



—t

RS 2017,35(20) www.kjdb.org fi
-\Eﬁm\ REVIEW

0
_5 | Wk EL0°

— 18 GHz
— 14 GHz
— 10 GHz

— 6 GHz
| 'l 1

(a) Ser=tAIEREREN (b) BIER TR

(‘?0 -50-40-30-20 -10 0 10 20 30 40 50 60
Ji BEfi/(e)
(c) SMpMIRKLER
B4 R#HETERREREEEN BT ETRE RIMEMKER
Fig. 4 Optically controlled phased array prototype of Thales, the photo of true time delay module, and
the results of the field test

— o ] worsem | -]]
T kE kS WL'@Q 515t

B f

——

(a) PHODIR &3t Bkl & HEHLRE IR

AR=150 m
-

i 5 /d B

oo oo

LGO.

JERiA Y
=
>

; 7] 10 0.2
& pe 200 4 > i . ; ) ey
— /“"?f'/;, s %% 50 52 54 56 58
BEE /km
(c) AFTESRIBEE-HRE (d) BEEFNERE S YRR

R=6072 m

1.0
0.8 AR=23m
0.6
0.4
0.2
0 n A i i

2 56 58 60 62 064 66
BB /km BB /km

(e) H{EA%AIATHIRE RS (f) ERT 13 B ARIBHIEEE
El5 PHODIR &R MAMIXLER
Fig. 5 Schematic diagram and the field test result of PHODIR

RADAR

U —fid JiE

(b) SMsmMIR CALENE CHE

39 m



—t

www.kjdb.org

RS 2017,35(20)

.ﬁa&
S|

ar i OCIAE 5 4 3 O %, 43 il 280t 2 Ak 2 2
R, Forh AR UG ] L rp 355, o) 1 ARA A 28 b %
J5 S RT VAR A ISR, SE IR S R S E S R A,
TEFEA R BRI AT AP A2 400 MHz~40 GHz 505 A5 1k A 3 )
TR KRGS o A , AR BIBCROGCR = A i Gk vpoxt
PSRN 1 T8 AT PR A . RIS IS 5 2l R
FFA A AT SR A A7 B2 0T, P AP P AR 46 25 A
AR gAY . %07 SR T B0 A B IR K
SHLER AL AT AP BEIS AT DL A B GHz IR (R
5, RIS A2 SHL A S ABE T e 4 AR AR 2 0 7 ik o, e
o VIR A, B2 T R G RF e R R B, RIE T
W& AH2ZE . PHODIR TRk O HEAT T 4MAMNL, 58] T an&l 5
(b)~(e) FrRigs 3 . Hrp & 5(b) g AMZIER RHLAE KL
T8, B 5(e)h A P S B g -l B 1A 181 5 (d) kg B i R
GTHERICR IR, B 5 (e) S AT bty s i) 25 ] 181 5.()
T 13 e i A R R P . IR A IR AT LA Y
A FH 4 A5 T R G0 R B 4 B O 150 m, B BE AT HER R
2 km/h, Gt )5 RGERIIE R A HERIEA 2 23 mo ZRGEN
PRI 25 7T 3K 30 km,

2015 4, Bogoni B 5¥ 41X RGE AT T 4G PHODIR
TIRHEEROBL . RGN O T VAU B & SEHLAN 1
AR BESFAT AL, W 6 FIr7s o 76 & 5o , A SO =

HE R VETE A5 4 B 3 1, 43 SR e 3 B I A N [ 2
PR, o 1 B E T BOR RS 5 55 2 B
A 3 A IRFAM, FA0 0T LIAS 2 2 N 80A 15 B R B fE
Fro TS HY 2 A SRR S A TR ARUBOR T 20 R K
S Ao RN , REEZCEI Y TR 15 [T 2t e ik R 55
FRAE R B BRI RS 1 1SR L 5 5 A 2 MR
YA IR, MRS A0S 5 T AR o, A5 30 0 bt
i A SRR e 2 RN BT AR 5 b BB e b i — 2D Ab
L ZWF5E/NLIE X PHODIR XU B ik #E4T 14Nzt
B 5EXE T PHODIR FR FH X 3 Bt SEAEAGLE 75 3% 1% 45
LB 7 s, Bl 7(a) ot ik am i s i A, B 7
(b) . () 5IJ& SEAEAGLE 75 35 FUXUE B 65 ik X i
By RS THA E R 25 B, ZE A AT UEITZO
B BCE IAEHLE IR B T R e Ik ERE . BEJS X IRl
RS X U B U X s 11— A A A T B AR R S, I
FILFH & 3500 S 1 Xk Bl IE N7 AR SIS PR UE1 T 8080
RlA A8 T B RS B 5 2 B AR MR | e A AR
W RNPIE T 2 M. B 8(a)h HARMEIR , &8
(b) () 435 S XU BRI 2 1 — 4k BE 2544, 161 8 (d) & 7]
FHRLE A A B —4EFE 2505 R A ERIDRS B2 AH S T
T B UG I RIS B (AR R R T R 2 R A
o I NHIEX I Z ARG AE BARIET T A AL U, an

AL
-
¥
By BT 2. — 2
& i
E6 ETHFREMIGEEE LRGN
Fig. 6 Transmitter and receiver of the dual-band PHODIR
PHODIR radar display PW 3psec

Range 12 n mile
10 MHz chirp

(a) FEZFENEHED

(b) SEAEAGLE Ei5HFH
fr B3R (PPI) B

X-BAND
PNG 8 NM

PRF 10KHz
Chirp 1OMH.

fox

(c) MRS FEIE X RS
AR TEALEE TR (PP EK

E7 PHODIR 57 f SEAEAGLE R f&TLE
Fig. 7 Imaging result comparison between the PHODIR and SEAEAGLE



—t

R 54k 2017,35(20) www.kjdb.org &
ﬁﬁ\ﬂﬂ‘ REVIEW

K8(e)~(j)Fim. B 8(e) AahAEGAE BARM & 737, 818 | Til D GIRIUr ol 5 SR ke R st ab 2, SR, 25 3
(h) i FAESAE HAREEAE . 8O (g) 7l SPBIRIX | X A SHE DI A 10 RIE He 4 , B AT B L AR E MR 1) ik
W BT IE] 8 (o) MR AR, B 8 G AN () 70 0 S YL BERN X e | S IRRIT Sy, 28 7 ZEVE RERC A (Y ] i i PR DB e, X A3 4R
B 8 (W BRBE R . AR RARMLAAAETELF— | ZREMPRZ—.

AR BUFIHNAILIRIIR S0 1 XU BEAR = (0 A S 4, K B 1 X 4t 2 B BUR IS EEHLAY IR E , Bogoni A1 BAIE ST
RIEAR T RGERELFRER . AN IR R GAE LR | 7 5 Al A5 SUT & SR FEAHE T AN & 9 firs . R GE
BLARAEHT T TRl — B0 RS, RIE TR BT, AR |l — AR R S A I F R G DR 2.4 GHz A 58

Range res=8 m
(c)

X band
Range res=8 m

Range res=4 m

0 8 16 24 32 40 48 58 64 72 80 88 96
HEE A/ m

(a) BHrHIE; (b) SIRERMBIM—4IERR; (c) XIRERWBIM—4ERSK; (d) A LIAMEEEEHN—HERK; () THPIEGERRE
B737;(h) g LIEEIEBHRRAR; ()70 (g) 53500 S B X BT (o) MR LR (1) () 5 3148 SIEEMXEEX (h) MBUIRER
B8 PHODIRMKEEXIMAMIRLE R
Fig. 8 Field test results of the dual-band PHODIR

(s )

{.. | L% 2.4 GHz
Wk ) PN
i ,\ < )
........ J [/ e
LI B9 3 :
L & A ) !
JR——— !
L ] L

(b) BUHMXER

(a) BiXABERAREEEE

~100 g ——— a0

g o j =15
- " " =
E _so TR 20 S
= o o Bl -40 g
; e =+ 95
- T B0 :
b= ! . 0, g
508 F - oy —R0 "“_: =11] No radar and no PDC
L} 5 | "[,l 5 ?.":& e Ny raddar and PDC
10 .. W - ~100 = _35| = = Radarand PDC
00 20 40 60 80100 265 60 -55 -50 45
B E/m W I 3E/dBm
(c) EEEBEZLHE (d) FAEEUNENXERERERE, EHAREATEXE
TR 4% 8 FEE ) 22 R [

B9 BEX/EFENAZRRENEERENKER
Fig. 9 Schematic diagram and the experimental results of the integrated radar and communication system



—t

www.kjdb.org

¥ SR 2017,35(20)

‘ﬁt&
S|

k120 MHz (9 75 3545 5 IR 3l B AR VR4 (0 BE 2 MR [R]
A 14N 1E R B HLAL BT 4.9 GHz 1 64-QAM {55 T
LRAME . PRSI A B ST B R 2R S (Rt Rl — A TP Al
P T 87 RO B R 2 e AL, i A 380 ) — A~ S A e S L 1 A 7
AOFR 38 AL (R X A S AT N AR B, — T A
TVRZEATRI 2R 50 km/h, BEES 249 13.8 m, %5 — )51,
HERIBMESAENELT BEE S IRER IR E IS
28l BIAPIr REZ MRS AT . SEANHET
KR, BRI AR T e A Y L F R S A 3 dB
LA IRE . Bk RGNS, UEBH AR R RIHLRE S 1] FH )
— T IRAFHUI KL TE R0 B 2l 205 5 172
J S AZRWCRRG I, S 30BC IE R S AR A I ) T TR A
—RILRGE . BRULLIAL  Z W50 NAEESE T HOG TR IR AT
AT IR LA R G, R Rl — B G 38 4 B O #
TR RIS T s AR A R (0 DGR, 76 4T 44 R 1 B R A [ st
A A P TR 5 R G0 AT LA A AN TE 3800 T TR 8 R G AEE R ER
Berp ik,
1.3 BEMREAFEEARIE

B2 Wit — BAE L RO PR s AR, i THEZR
MRS | E bR S AR s bR T R A
2014 474k 2 Wi f K 1) TG 28 L 115 7% il 1 7 026 L L TR
G A AT (KRET) A E A, 32 M5 W BUR B8 B 8 “ S0
FHIEME” (ROFAR) T 5T . 1501 H B F L3 T
AR 38 R AR AL O A 3 SR AR AL, F
T—REBME PR RS RS WS o iGE K
ROFAR KU X R G, T L) % 5348 98 7135 100 GHz 115
S RGIHLRESOR T 60% , 1] LIXTJL T km A4S 3 3D A
1420 FEX TAE G 8735 , ROFAR B ik 1Y 2 458 0 B A% 50%
Sy PERT LR T 1045 . AR, Sk BE G T AR B BT
HH TP RS R TR R S AR P L SR
TCUE AT AT IR | X R A A AE 2 D) AR R
360°4: 7 a6 4 DL KL BRI — AR LI B2 s ROFAR A 1]
A 22 B 6 AR P 7 IEAE IR A RORE b, R QR R Th A 3
B RERED AT TS e b AR WHR L 3 A (151 10) .

Sl S
E10 ROFAR AR HATAER AR CAES & SHL
Fig. 10 Photos of ROFAR radar, the seaplane and the fighter

1.4 ERMEETFEERRIRE
A TFFEHGE T | [ A e 7 F ks AT 7E T LA a3

42

221 e, B AR LS RN R A A G, (EL & JE A Ay i
B 2013 4F g AL AS LR K 2E AT T i IR U ST T
HARHAEWEGLRE oG IR T IR T L E# it
IR AT M TR AP TR IAPIAE IR R ALY .
201746 H , B 2SR R v B i P RHR AR A4 14
WS TR T ) 52/ E AR SE I AR B IO B Ik g
WERGE, WA 17 o 23R 50 & 56 i B A0 e 75 s 4
AR 4.5~6.5 GHz 1) 2 % 8 B A5 5 4% 4 21 K U Bt (18~26
GHz) , 1 RS B A B2 0], % 5EH 55 2R H AR S
&, R I 5 255 5 A TORIR I LR, 15 21
5 BRI, 238 ke 05 B IR E 5 . B85
A B ST EUH RN B AR SER RS . % R G RO
FEARXFT WA 5 AT R B, ZE AP AS B AT TR
2R T 8RB S TR INRST B AR SEE R 53 B

HLIEE

ik
; DS
| N :
| (]
: UKL |
| HsoRRE | [ - :
BRI N B TWERE

...........................................................

DPMZMY ¥ ) |
[ o : : | 05
MZM-a v 5
‘ MZM-[}MZM_C | T ! ”&w’ e
— o ==
. . ] I&f AF=BATIT
RF2 Bias-b 0l 7

b -

-03 -02 -0.1 00102 03
Ji L) /m

3

[ b2 I
b —

HEE/m
wm h W

[R5 TR S ']

6 :
03 -02 —0.1 0 0.1 02 03 03 02 -0.10 0.1 02 0.3

1B /m Ji L) /m

(a) Bt FEERGEME; (b) BB ; (c)~(e) MEKLER

E11 ERMEMAREINRELFELIRERKRER
Fig. 11 Schematic diagram and the experimental results

of the real-time imaging microwave photonics radar of
Nanjing University of Aeronautics and Astronautics (NUAA)



—t

#%S 2017,35(20)

www.kjdb.org

B ERE T2 emo BEHARZERE T L FHARX 98 5 4b
P RE A SR, B A R B S A e 1k AR M 4R L T S 0 4
ARZHE . AR X/ NYAEGAE B AR T AT 181 58
E A% [RIYT, o EERR 2 B L 2 AR 5 T Bl IR AR A [ 5%
S = RIS P BAB S B T T RO TR 1 SAR
BAGIFFE, R I8 R SHE 41 554 600 MHz , % W Jif5 73 3F
R25 emo. KRG T RIS VE H b 737 (A%, an
E 12 FiR, A 08TE Tt F R IR T, KA E
3B T — Bl FH T I EE AN SR e F RIS RS, Z R G
1A AODEBHRE 2 (DAC) P24 T 1P Ji% 10 GHz, 4F
Bi4 GHz ERTETANIE S, 2 R IR &S . AR B A
KRR, #5415 - BAR IR B A B S5 B 106k
REMIEEREEE RS em, WHEKEEE N 2 m/s, 1AM, 20154F 1

160

825

140 820

Sl 815

- = 810

L 100 = gps

20 800

THRE ALty £ ol el ™
0 02 04 06 08 |1

Iii)/s

‘ﬁﬁ
S|

B A3 KA HGE TR TR F R A RS, 1T
TUBERY 2 2R G0 DR BEAN &) 13 FE 7R, 22 SEEMILRI) PR 19 g W ek 79 D'
Jok ip AT A 20 Hh O AR R T S AT RS R RS S, 20
FEON AR RS ISR 2, T2 A5 20l s H T i 45 0
HIEDGAE SRR b, Rt — B @ BOCL AT 8 s
i A HL BRI g EA T AL LS R L A5 B HE A IR B A B R .
FEDFE SR b, BT P AR W R AR R 5 O A% R 10 GH,
WS N 4 GHz, N X - 4 mAMEEE 6 em 92 Br.

MR T AL T R B R G T LU L O
FARMWGIATT LIRS T T 7518 RGRPERE , 1 AN PR IRS
T 2 B 2 T RE S IR A 45 B Tk R 5 E
SURRE R  MELLEOE S, I, S R R g
RAEAR I ST T HE

400 300 200 100 0 ~100-200 -300 400
% W RS Hz

E12 HEMZREFEAREE 737 5NN ISAR KGR ER
Fig. 12 ISAR imaging results of Boeing 737 with the microwave photonics radar developed by Institute of
Electronics, Chinese Academy of Sciences

) @
R 8
wom R

E13 LEEXEXFRFEEEN
Fig. 13 Photonics radar prototype developed by Shanghai
Jiao Tong Univeristy

2 WEEFEEXEZAK

P IR T S L DR A A IR A
FERBEPEI RGE, — et R BE s AL L AR AR,
FA PRI 14 Frs o PO R AR R TR BOE S AR
5 TR 2 I I B, o D8 TROHE B P 4 S5 B R S AR 10 23
(145 ) P ), 28 0h BB R AR A B 2 [l o S ieet, 32 30
w5 it o OISR i, 2 RO R 45 S AN [R]
ZE )7 1) B A5 S WOk , B A A0t DB U B e, A RIS =
AbFRES it DA B N EIRRGE AT LR ), B RGEHIR
FERORALE m PR REA IR A AR R PIE R R B RE

AR A . T T 5 5 TR AR HRBOL 78 Y 5
BEHOR

T WS A
= @
! f
| s viatew |
e | [ s — f T|
S M T 8 O S
¥« [ pn IR TTE L P S
PR [ ] f
Yy
R4

E14 EREER5GREE
Fig. 14 Schematic diagram of the traditional radar system

21 FRIESHTE

TEFIBRGEH  AIRAE 5 R MRERIRE LE T
R GHE S TR 5 B Bt . — 4> R (AR I 1Y
ARPRVFONS 555 F AR A0 22 G F 2, 75 D) A [ £ 5K B A
MR LRI, 53— 7 T RIS iR N S 5 P

43 Im



—t

www.kjdb.org

¥ SR 2017,35(20)

ﬂt&
S|

1% (5 5 P AE B, 45 2] B AR B A5 B 55, A RE RS2
Xof JE R F 0 o 5 | AN KR 25, RE A B TR AR DI e . LA,
h T BN R G0 M PR AR5 B B B A
Hoo BE TR IR RGO S R EUR 7oK AL 5
OB = A AN B R BR M . LR R (OEO)  E
SRy 7 A Al R R I R A K B S PR R
A= B MHz BV GHaz ) v 40 B B sl K A 5, AR I
AT LIS B30 B TR BR 9 -163 dBe/Hz@10 kHz, f&:—FP AR H
FHAR ) = R RE T R e

JEHL IR T i B A SR AN P 15 PR, E 2 ioe s (i
B8 i 7 = I 31 i N O 1 R i 180 i £ 5 o )
K SO A G 25 2R 7o B R, SRS 4
FELF AL I E A SEHIRMIES o SRRSO E S A N
LA 5 JE 2R E BB R R 7 7 300 08 D A Al 1 B A3 R
B, Ly 3 R S PR T REATRAE IS T B A4, T
PR AR A AR S 25 o R T A5 5 i A F G 1A il
L, WHIEIE R ESEE S BB SR . (RS
Al R Z RGN, Sk AW A iR S R i R B
L RARE M ARG .t TORET B AAIL, FR Y
RO FL I 28 22 18] 9 2R T AR R bem SET lem, 30K K
A iR B ) Bt BE ST TV 7T i BB T 1) S L 9 35 # 9
o PR, BT LA HLHR G A 1T LA 357 HH R e 2l I B 5
VER LA, A5 et IR 1 1 s AR R e, PRI GG HEL IR 5
AR R P AT 2 T A BRI

B
AR | ma

Ytk
fe S

v THE i
s wae [ B T

E15 StEiRHIRAIEREN
Fig. 15 Schematic diagram of the basic structure of OEO

T E ARG LR d T 5T 32 AR TR R 40
— B SO LA 5 0 R S B R AR OB AR S A, R
S I e P R AT AR L M 7S {55 7 AR =R A R AR
FZRH, PO T 55 iRk E i .

R T SIS G A 5 0 A W] LAAESR G 25 3R TR
BT i e A - 56 [ rh b 2 LA R 2R HIA1 98 70 GHz
) R Y 5 T RO F I DA B v s A B P A B -1
(Fabry—Perot, F-P) AR #E L SZ L T fi g 358K A 60 GHz [ )G,
PR A5 bt R AR T A LR R 00 S 1 60 GHz (1 7]
PG HL IR 485 W T ATED G R IR 3 e N A A543, 191 G e
SIS AL R R A BB ' 2 S 0 2 A 1 i Tl I 4 ) 8
PAE AR HL R 7 i 2

TEGHLIR G 5 A5 5 AR MR 75 2 2k I8 T 00
i JGHLERIES BORAE S AR A AR S IR R 7 KA

- 44

X s MRS | DN SRR AR S B ARV R 7 T LLSE AR A A
AP CINEOEAs REIEE Mg RO S ) S50 TARR
AU B 45 SR ARSI S ) IREE A R B IR i
KALF S ek AR Lt RS, IR AR iy )P,

R T ARA i B AR LY, R LR AR iR SR AR A )
PSP ARUEBRIAE , (HJE R TS Q (A, M F T E Ut
£F | TR A5 e A ) B A /), 5 Y L 30 0 5 O D D
TRMEERR T A AL . TR R R 2 P A
PR, bR & RSO, S B A R =, i —
P 2 T = QAR CIE NS, AR —LF fibiks 6
M (PS-FBG)™ kA7 B -F1% (F-P) & | 0] BE ALl iR 1
Al R g I A B T LUORS A0 8 B, A B R —F R AT
HIBERE R, PRI AT AR OB L XA B 3R % A 10 &5
PR A B FE T LA AL, 36 T LR AR A O IR
AR T S BB BOL AR IR R P M IR A Y Q 1A,
AT 3 e SEEF A il A, FEF AN A B0E ok
LR35 il 1K OEO MR 155 | 5 B AN I A G 54 %
Wb IR . BT IEAG S BB AT, OEO AR T
B A,

i T OEO My 3R 2 G f ik, HiE K 25 5 Z B3R5
PR EE (N 1 A g AR AR A, T RS R IR A AR E , A
ol A s 0% e A TR BT . M AT AE R R T AR E
P 1 F2 2 BRI/ NRUAL I I DA S A BlAH A | TR
SRR BERE R . B0, OEwaves 28 ®IJT & T —Fl Al S 5y
B RSO CEHIE ML Q EAR IR, ©4% OEO [m) 5
FHARAE S R 233 8] JRy 4 H 2R T XL B AN SURR I R IR G £
(AR AR SCER ) AR 38 PARGET | BRI R 7 s 6 B
B A BIURR B 5 R, 56 ] 28 RS0 00 & i FH AR SR H R S T
FEHLHR S 7 TR AR i

B Py FL IR V5 A RO IS A B T [ A, LS B 2 g
PR TR IR G R LA R G S . IEER
2R RN T e L PR A I RIS A
W . RIBERA T R ST R R E B S 3p
WA OEO, BEAh, AUt K Wik b Rk =B SR F
FEIT IR B K2 A5 [ P A A TR 5 i 7E B R SR B2 5
LW H MR T XD E IR G ST TIRABIGE, 528
T M E IR LR T A TR, O T A
A SRR AR B BRI R SRR S AL T B 16 R
FUNTES IR A2 P 0 3 T T8 A BIE S B AR 1 e L IR
Dt R PEAE ML . X FEDL Y A5 % R 10 GHz, 1 kHz 51 i
A (R AR M P A T2 125 dBe/Hz, 10k Haz A5 f Ak Fi AF o7 1 75 A1
F-148 dBc/Hz, Z4HUEMHI >80 dBe, IS 7 22@1 s 1072,
22 FTREEMAES=E

EEERG T, RIHES R W5 A5 g IE X
EBRICE T RGBS B b T Hiae S, Bl
T — R RGN GE 1 BBk MOk AL G ik
TE 77 HE R R O Bk Bl LAl R B IR R TR . YT



—t

#%S 2017,35(20)

www.kjdb.org

I AR KR AR S AL BG5S e AEAEAR T 2 GHzo
TS R A B A SR HA% 5~10 GHz H: % 20 GHz LA AR
Kt Sefe 5 A BE F1 , ISR 3] em 0 50 HFF , NI K
RIFIRRGERRIIEE T . Z ok TOCTFHARM KA TE, ik
A HREEE T KA 58 T A F 5 A AT REME . YT
BT E R P A B B AT S R

55 UFP R SCARS W  Skih A 2 A — ER R AR ik
M (TEREE ), SRS IE AR5 5 03k 2 1) B 75 155
PR B SRR AR, P ast 60 BTG A AT 35 TR R B S5 1) s Ja, 3
e HL M SR S A 2% A R IR A . R
K2 Weiner B X X B o R IF X BERTR A o INE K
B AR, ] PN 1) I A8 38 20 W g 53 R R
LS AR K 2SN ERAT BT 9 o X b ik AL s AE T o]
PR G s il A5 MR, o] LA P= A3 5 5538 50 GHz 1R
Kot il s o (HRHJR IR E2AE T A5 5 B a8,
W H HAG TLns, XELLH AL I B TR IR oK .

EEWR DS REWNE S ELNT 66 vl I i S LN B bernidi o
Kt CBCA wm 20 , WM A2 FE I N B0 1,
RPAT Bl AR 1 I s 9 A A0 5 o3, I U TR DG o i
SRS AL B G S IR A A A JE A AT
fie. A INEACAIRAEAE , K 5 ROGES R I i (1
FEIRE IR BE , T L= AR W3R AR A7 A0 S s s 4 1)
RPIE o EBR L N R 2ZEIEAZL R Liv AL % A
FEBCHEN , S A B TR ST T 6T AL SRR Y
AR SN REE MO REE LA TR S8 E
FRI o AR TR b T X Fh Oy L2 0 T S8 Bk B
Az 7 ZE10 ) I ) RO R R A AN A L AR B A S B0
5 s A BNOG AR A GaR B , 2T SEE Ir e A O
SRR SO AAE S S WA ORI
T8 BT AR RO R R R 2R AR S O Bl 2 ol
A8 WIEANE FEPL (<100 ps) . FET X R, A PB4 i
=4~ 100 kHz S HE A2 1747 % KT 12 GHz I 98
KF 10 ps LTS 55 2 /B b il 5 5 15 2
T e B O A5 S (LG 2 8 1 7 51 R 35 1 ) 41

)

F M (dBe Hz

-90

—100

~110F

-120 ¢

~130

~140 |

—150

10000

1000
Hil/Hz

B16 BEEMEMEAKFEN 10 GHz BIRHEEBIRS S
Fig. 16 Photos and phase noise of the ultra—low phase noise OEO of NUAA

100

&),

55 3FUE RO AR 5 A 25k R R AR Y B bR
PIE A A3 s FLAR AL Bt sf 1] 28 Ak 145G 225X, SR U5 AR ) 2 A4~
AR AR C B G, (AR A 25 56 T T 75 B M ek X, B e
283 6 A AR FR A BD AT A5 2 R BT o X RO IR R
AT 5, AT LA SE AT B D B 7= A e, (R Y S ) A T
R 25 T BE AR AZ 1 R KT B, IR R BRAR, I A LA
ST TEH SEAUZ PR GER HA 104 4) . R T X —In]
R, — T o B ) 5 1 A AR T R G IR R AL
P3N T AU ATR T SRR, W9 4 GHz, SN 1 s IR
B Gy e A RS 5o X T AR BB O, X Ry ik ]
FEBF FEA FERREE T T 500155 L B,

S5 A FRROHO AR . K AR AT St H O
U 8 T ESI DI SRS WIS B UK 3 6] 3 i 120 1€ s N ) IV AT
ORIV 5E o XA IR L AR T A5 S TR 4 A rE
P RGN E S E AR B, MG AR B TE R
P HAE St A T 5B B, DT RS 7= A = A3 RS 5
5% HAREHGEGIRIAGXT IR Z . LR &
A T B 75~110 GHz K PR [H] 20 s B 5847 58 FL R
Tx10° B LEPETRAAR(E 5, 3% T3k By vk 7 o gl A e B
91 s 9 4.5~5.5 GHz Fl1 7~8 GHz HIZRAE M55, F) H i
5352 FAIXCEAT S kA A /K R ) 2545 21 1 4450 ) 18~22 GHz
F128~32 GHz WL Bt R ik & SR,

55 SFUEOLB AL (DAC)TE . FEAR R i AR
[ B AR 5 7 9, SR 5 200 BOR 6 46 7= A T 75 1A DO
DAC AR I 3= 224544 m] LU 43 9547 AL DAC 8347 AL
DACIX 2%, If47% DAC H - 32 [ IPITEK A 7] F 2003 4
P R FHIFATHOC T HIAR S B T 2 bit, 80 MSa/s [ 51555

e, i A DAC e i H AR B4R AL TR A W] (NTT) T

2001 AE4 Y, BE TG E N SEEE T 10 GSals F12 GSa/s {5/
5 ORI RO IR IR B K e (55 A, T AR
FEF AN 2015 4F 4 H —Fh L T ik b A9 -
TFCHO LTI 2, S0 T 10 GSals 4 bit (CEB ;4 , 15
F 7 15 GHz/30 GHz I8 U I FINE 53X U 15 5 . AR T

45 I



—t

www.kjdb.org

¥ SR 2017,35(20)

ﬂ:&
S|

2017 A4 H — b I AR 8 il A B ER A TG DAC ™,
SCERARFE] T 2.5 GSals, A AL HRFECN 3.49 (5% DAC, A%
DAC =4 T = Akl M2k T Ik i s 14 ok o

2.3 FELAEKRSREM

TG T 5 A B W LAE 680K T HF 1M A5 540 1
PN 2T (AL BRAF TE v SR 5 X R A A (5 T8 U
ST GRS S AL . A A A AL,
S5 18 A HA BRI P g TR RE ) B B R s B8 A
WAy 58 AR AL i AR S B e H . i BRI LA
S A ZEIE TR B R S, M OGIRE B 6 B IR A R
BB T B (I 43 8 D) 5 AN &, R R e 715
AR Tz K.

TG 8 A B S B E R ERT LAY AR 23, 3
T 0 ) 155 A BRI T 2 AR A 14 £ 1
WAL, o544 SE S, A U0 ) ) 4 A s e Lt 2 A
BT B A R B DG S ARUE S A TS )
XU E Y HA5 5 PTG BRI A5 5 AR B, DT SE LA 1E
Ao BXFP 5 A7 B R, M SR XN AR 1 R B . H
HIA K, 257 A T-3H BEH 0 ) Lo R R e s v BE I 1 10
WAL IOV SR B AR 53 3L TO AR LU BOME S, LA,
G HERIDRE 2 AR5 B, RO A5 8 A v F He
SCEGHE S ORI, TR EIE S PR, BT L
T A T A U R IS 5 5 2 AN R Y
APRAFZRIN . ARG 5 BCR e B 18 AR [H] T
AT IR AN [R) 35150 Ak (8 51 35 -t IS A4 400 28 ety 8 v it , DA
MSEEAETE AL . RO ZEXHE ) 0 59005 5 B R T 40
TEIE BT LA TR A 15 T8 Ak 7 i R 8 R i BRI,
SR FRO AR 14 190 i 1154 T KR E Ayl 4] o R
Je vt R FH AR R A, AT ARS8 1 i [RS8 B 0 42
B AR R ZAT 2 IR T U5 5 A Bl DR KR e
M D 1) 1 S Ab PR XE S P

=] N AN E B 15 T8 AL E Ly T T R T 2 IR A
WFIE o BEXF ST AU H 095 T8 AL B, BIF5E 3 6 40
IS — RN PERE B Mg . TR FERME AR K
TR B AL I EUE D B A T A o il W R
BT T AT 2 B (5 8 A g s, 380 Y R
SRR DR, IR AL AR B L PR RE . RIRIE 5%
BIRA KA T 3T F-P RS ALIE e 28 45, T 1ot
TR AL, B X TR AR A5 T Ak, Jb Rt iR
A A2 R — X AR AR S B T A R 7 AR T
56 A 500 MHz R S F 15 B AL E L. b T R AT IS it
A5 S A B BRI AR Y T T SR O
TFBEAT R AL IO E AL I k. SR G TR
1E 22 W T IR A TR 8 S 125 12 R FE O 90° TR I8 25 A RO
PRI 2SS E01/Q TR , 545 5] 1) 1E 58 (5 53 1 90°flt ol
MRl AR ok , 1 T S BB AT TR AT . 5 BRI e 25 P31
WERE e RS AR, PR R 3 T P S BB A ) L v 7

N 46

TR, AT S 4D 388 ST 30 9 5 194) 2 5P o], A Mo 2 5 i 1)
AR,

LT Vi G B AT I R AR, ARSI AR T —
PR 3 T — A Ak S A9 i i ) A AR A ™) 17 B, 4
FEZWCAYR AT iR A R | 22 38 3 B AT ] TR 3 3
Iro T ICHE LA RAR L P A 2 4 6] B AS [R] e, 14
YE R AYRCHTNL , 53 1 ANE R 228 80 A >k I8 il 422 0 i) £
o MTHREREAL PR TE A SRR, v AR BRI (5,
T8 o AR TR B B T A5 5 T AR B B sl
Wio BN, SOCA IR — M550 A8, 55—l
AN RAEMIERL R o XFESEI T RA 24800 5 5 5
FfFTE A, H A shAEAR B3 s i, LB AR Sk
ML R AR EGHEATE 5 R ST, AT AT AR S 454, 1 ety
sl PO R R B 2 AL . T R T S, XK,
Ku, Ka 5495 Bt , B4 il 8 30 dB 1) 22 38 18 B4 51 — A4k
T AR PLHEMORT AT EAG A AR K 5
2.4 NAFERIEME

WA i, 3223 A MR 125 R0 SiE 2 2 Folr | A SR i
b P BB R 2 R 45 4 S5 5 AR 83 e A, (A5 R A E
FEE BT 0 AR N . R R TR AR B P R R A
oL IRRZE T W (BN R o o 2 R e = B S 1R8N AN A N 1
SN L VAN IVRV ST NG N e ey e R  MDS T E S
FEAH R 42 D P B 45 () 4GB TSR IR 22 . XA E R AT LA
Jof FH TR R A S8 SR A IR a B R R e . B
AR Y 5 78 ) A R R 2% Je K27 Y DR O
()3 F T 4R FE AL B 14 7 v , R AT 4R R e A B2 R O\ g
— s S R ARALAE  SEEL T 1A 4 BE T Y I oI R
2% o ARG AR Y — T RO TR A B RO 1
LKL T 114 GHz 4 BETCIARIE R, SR ARAS 1
XTIy e K5 5 B R0, , wE LA /2 T —
IR RGERT A FEA TR o A DRk — ) A o st 2 FH
LA IR AR A, S A BRI A ™

G B HE B RO B I 1 S 7 2 R 2 e Tk
PEIET Y TR] i, H R, AR O A o Y ik SR 2] 43 R
A L7 R KSR 5 B S B RS . PR ER F
JNF BRESUR 3  E SEE B P ) 1 AN SO LAS#S R 8 SAR AR
IO, RO SIS AT 4 5 U BT 4 TR A S R A
BRI 7 A LR JURD : SO G AR K BE™ A AR 7T G
TGI8 I8 2 R FH 02 A5 ™ IR RS S SO T PR 7 5
PTG R S E AR AT DA AR S B 5 S e . T
WA R G ZF M 5 (BT AE A [R] G 2R T R I
FEARTR], SERR AT 5 5 JE s 1T R G AR R (A
B, R R I Ak B E AR AN B S B RTS8, T
B[R] LE IS 1) 22 B ARl A7 -5 T 3 3k S (] 6 28 0 A 3T e
—FRIE B BE B, RG RS RT R o R A . T — R
PR AR TR B8 — i ) 220 B 2 B AR i 2 T RE Y B
IHAE BT, A 18 (a) BT /R o % BT DGR 2 A (BT



—t

TS 2017,35(20)

www.kjdb.org

DR 368 0o ' I A PR AL ) A ) AL 14742 T % S
SRS IR RE o p SR S 94 P A 4 ) AR R
A ] 38 S5 B, 2% B 70 Tt S el 47 1) A ) SR A 135 5 ) I
Il 2R GERE LR S B0 22 P AR A S AR ] o Kl B S
BATE AT SCRHEMORN K 16 PRI 3, HAT R A R P55 A EE
otk

BEAh, S T e MIRDE R IF47 Ak B, A AT BR A oC

ﬂt:L
S|

e R A ARl e S BT s S8 AL I SR 18 R0 4% [ A 2
P FUE I RO IR B LR TE A, X T AR M R 5
F8 2 S R AR 5 5K AT 8] € B by R, 5 —
BTSRRI BRI 2™, A4 T AET7 L AREAR 2 42 1
DA S A ) 7 S BRSBTS R 4 R 4 ], 2
FI P 18 (b) 7 o 1% —HEBCATE BT 2, X 45 B 5 1
TSN A A b T — R AT @R, S B R L

#
i
1
5
4
]
5
It
#
it
%
Hl
Kol Bl KulBOWill  KyBomil — XWBulid  SwBumi
""" 1 'n 1 1 i " AR
. ol H 1 1
I | | =
{555 Ao s Z3 ' i i
Z 5 ; i 1 —
1 : I i i H
apa | :nll sja’ ! e R R
i ' i i 13 i1E
I
AL SR i i
3 1 H 1 H 1 I
- > ‘- - >  — —-'-"— - ==
27 GHz 21 GHz 15 GHz 9 GHz 3 GHz

E17 SRS F— L Smam
Fig. 17 Integrated microwave photonic radio front—end

> RO — el
(a) E-TFLsimnfisk st FigiK #7 6 £ ThE L B I IE 2 ST /R I8

Fit

;

'

(b) ETF A BBERENRER AT — IR R AR

E18 BEMEMRAAFRHWETEHET
Fig. 18 True time delay modules developed by NUAA

47 E



—t

www.kjdb.org

¥ SR 2017,35(20)

ﬂ:&
S|

FRI P AE I 1855 7 SR LU, 3205 58 A — R AE I 8 35 AT 254
R, o T A S AN, b X/ NEE B A
Fr BRI B 2% BEATOESE , SEBE T TR RO
AR R A AIE PR 8 R AR B AT B A, WP 19 s

]

19 RIFEREAE
Fig. 19 Photo of the optically controlled

beamforming chipof NUAA

73 —J7 Wi, T HAE R AL AR SR T 5 541
i BRI , PG | T i) B B A5 5 i S AN D5 0k
EAFEIE T o T3 A YR AR 13 G Ak BR3Pty
Y 5T APERE , AS DRBTZL 4 HH — i T4 000 e R AR O H i
BUPPAG iR e A UL A BT B0 ] A4 3]l o
T 245 S R R A 5 U B A A PR A AR M L 8 5
2% WL A R AR SR 55 A WA mT DR s L —
FAEI AR 7716 P, XA 77 i 10 ) S Al 355930 B PN 1 S M0
RN, ELXT 28 B3 B I S LB RISy
Ly = P A IS , ST A7 1) PR AR SR B e 4f ) R 58
AF st BB E S AT h BRRTAI R AH S5 17 1] 5 B RO I
P 265 (R0 AR S TR RH AR T AR o 181 20 J 7R 1 LT 4
TR T AR N 2 T I R MRS B TR

- B b 5 SRR g 55 o
1R £ TR
R 5 ARG
M ()
F YL L BRI
Heyslew, 0) AF(ew, 0)
[
(e I UL R
Silew, 0) (selt, ) Si(e) (s4(1))
A e (PCRL g )
Seal,0)
| I ¥iin
AL (AT 3 )& R WAL 1 ]
WA % —|  CMP(O) CMP(0)

E20 WEFESESHRIZRRER REITETTE
Fig. 20 Performance evaluation method of photonics—
based RF beamforming with large instantaneous bandwidth

B 48

2.5 iR

Bl BT S AL B AR Y G R R s I 1 4R
IOEA - HRAE R IR E il o AR R % AL ] 38 715
SEAATR G, ADC 7E T AL B EEER . kT
ADC FLARHF S AR, R ARy S 8 A 8507 BT 58 42
FETFHRTFHARR ADC PXELIES . I, i ADC I PEREAEAE
A B T TR A A S B, SR L ADC BYAT A,
FA I 9 U i TP RE 715 S 2008 e T HR B 5 |
AFIADC RGEH, #B TOEF 4B ADC, fiff ADC & J&2 215
BrBE, St T4 ADC & 5 BT 20 22 70 4E48 ., 485 40
RERRIE, EHNIMEERE T ZF6 T B ADC, 6T
FeAR R ) 7155 B WAL B CREECRY ol S i b %
ZA I .

FEIAF 5 WAL, R R B i A S R Bk
U b, R G E RH FE 52 X READLE 5 i b 2, DA
AR S AR 3 i B, H AT 32 2 15 5 B S 1A
HS R R AR T4 B ADC 1 SR
K AE R T 9 8 SR AR R e A B 5, X 55
BRI ARSI Bty i, R >R ARG GE L ADC R A 58 LA
SICRFER A . TAE S S 6 A THE B ADC R] AR RO
R 5 o8 L R BEEA 7 oo o o, Pl A2 o P AR 1 24
AR5 78 I Sk sl A e T, 9% 308 o At (o7 SR A B Pl 3R A 55
BORFER B AT HETE o F BG5S &2 il =0 45 e 3
1) Z2 G AR A A IR DL RO L 1 3 O 3 TR
AR 2 K ST 1

JE SRR RS F4l B ADC I FH OB K o i A LA 5
HEAT SRR FEALERG AN R 21 7 . B0 i 6k v
2853 FHI%E ARG TR I A , L5 B R R e i rL A 5 TR R O
FL ) 1 55 S ok e e 1 48 ) HL AR R R R T 6 A
ADC#Ef T4k, H ADC ) = AU FE Il (55 th BRSOG4
ROt BT HL ADC A SRAE R — IS, AT AR 22
FRE Sk w5 50 AT R OF AR S (RP AR B2 ) o SRR A
ADC FIH T SR A 4 OGBS 2 | bk b el B sf (] 4}
S/ NEERE AL S8 ADC R FLAR 3 S 80 e s ok B
KKFEAG. T EIE G A JL+ GHz iR S 5, 6k
FEREU e 2258 KT v FH T3 1 ENOB B {H AT SE 48/ N
I ADC, {5 T 523 A B 118 SR AR 3 R A

HF AR FAERT R FREME 5 1 Sert k. 55
A8 2 SO T e 2015 5 40 IR o ok S5 o 22 J ] I LAy

rw\’“ BEA
o o L[l TR ] e |
Boca| som i lmie | s i AP
| f
b

BEl21 SEREBETFHEIADCHIEALEN

Fig. 21 Schematic diagram of the photonic sampled ADC



—t

#%S 2017,35(20)

www.kjdb.org

.

or BEAT TR R (588 B2 ok e, SRS P A ) 47 S 22, )
AL AR R o LA TT S P X RS T IR AT 2 8%
HL IR B A ) SO INT- F RS 28O0 S B . FE TR AT 2 DL
T A5 AL T, 2% S R AN [ AR i B IR R < S R G~
HLUE™ A AR RS B A [ D B R R AT, 3l
Ui 1 g A BORRADL L A5 AR AT, 2% 90 ) S e s OG5 AN
[ B R AR, 22 A PR RT 20 45 HE R [ ) b o TS T
JCANT A SRS S50 (47 58 FH A e L 5 IR A DG ik
HS BRI FEE A0 FHABURS 5 D Bk e i 32 140 5 2 5 1 B8 £ L AL
FPER I, frJm e O A R e IF . X
T RECAIIT 6 LAy HER",

3 HZiRE5RE

AR PR FP R O E B A A SR Bl A
RASIRFPEIIRIE " o o 7 seix HUHREE ", T — Rk E
PR RS 2 IR — AL ) R R, LUMIAE B s B
B s HAR IR R AE T 2P RE Y R , SCRESR i i ik
AR E S PTTHPERE . BIBOL T BORSERILSEN pr Rl
TR F B B E S RO TE TR 18 R G A
YER . YBTZ SRR BETE , © 28 B TTHIT ST 0] R GEWF 50 %
e T NI CER N S IR U R AIRPI ) T N S (E P ¢
THIBAS REEORBEG , RIS HERT, e, 3h 3
T FL, AT R S 7 T 7 A — A0 i v U AL SE AR S
Ko JEHIECH AR AR T2l AR AR B i
R BRI B 7 T IR RGBTV L (R R R
MEAY , IRR TGRS . @i W50 A R IR AR O AR
for A BIE A S IIREAS S AR H DR EAE I RO
P25 LI A HoR Z TRl PR, — e REE SBT3 ik
RYGHIRKRE

£ 30k (References)

[1] Skolnik M I, Radar handbook[M]. 3rd Edition. New York: McGraw—
Hill, 2008: 1-24.

[2] Chen X L, Guan ], Bao Z, et al. Detection and extraction of target with
micromotion in spiky sea clutter via short—time fractional Fourier trans-
form[]J]. IEEE Transactions on Geoscience and Remote Sensing, 2014,
52(2): 1002-1018.

[3] Chen X L, Guan J, Li X Y, et al. Effective coherent integration method
for marine target with micromotion via phase differentiation and radon—
Lv’s distribution[J]. 1ET Radar, Sonar & Navigation, 2015, 9(9): 1284~
1295.

(4] MR/, SCHE, 2055, 4% BARADII HARGEEARL)). BHE S0,
2017, 35(11): 30-38.

Chen Xiaolong, Guan Jian, Huang Yong, et al. Radar low—observable
target detection|]]. Science & Technology Review, 2017, 35(11): 30-38.

(5] Wi/NJe, JCHE, fafhc, 45 w0 B g 3 SR TR ik 3l H ARl v
PRI T k244, 2017, 6(3): 239-251.

Chen Xiaolong, Guan Jian, He You, et al. High-resolution sparse repre-
sentation and its applications in radar moving target detection[]]. Jour-

nal of Radars, 2017, 6(3): 239-251.

SOME & TECHNOLOGY REVIEW

|6] Tavik G C, Hilterbrick C L, Evins J B, et al. The advanced multifunc-
tion RF concept|J]. IEEE Transactions on Microwave Theory and Tech-
niques, 2005, 53(3):1009-1020.
[7] Saddik G N, Singh R S, Brown E R. Ultra-wideband multifunctional
communications/radar system[]]. IEEE Transactions on Microwave Theo-
ry and Techniques, 2007, 55(7): 1431-1437.

|8] Capmany J, Novak D. Microwave photonics combines two worlds[J]. Na-
ture Photonics, 2007, 1(6): 319-330.

[9] Yao J P. Microwave photonics[J]. Journal of Lightwave Technology,
2009, 27(3): 314-335.

[10] Pan S L, Zhu D, Zhang F Z. Microwave photonics for modern radar
systems[J]. Transactions of Nanjing University of Aeronautics and As-
tronautics, 2014, 23(3): 219-240.

[11] DARPA. Our research|EB/OL]. [2017-06-30]. https://www.darpa.mil/
our-research.

[12] Community Research and Development Information Service. Projects
& results[EB/OL]. [2017-06-30]. http://cordis.europa.eu/projects/home_
en.html.

[13] NASA. Deep space network (DSN) [EB/OL]. [2017-06~-30]. https://
www.nasa.gov/directorates/heo/scan/services/networks/txt_dsn.html.

[14] Goutzoulis A, Davies K, Zomp ], et al. Development and field demon-
stration of a hardware—compressive fiber—optic true—time—delay steer-
ing system for phased— array antennas[J]. Applied Optics, 1994, 33
(35): 8173-8185.

[15] Dolfi D, Joffre P, Antoine J, et al. Experimental demonstration of a
phased—array antenna optically controlled with phase and time delays
[J]. Applied Optics, 1996, 35(26): 5293-5300.

[16] Ghelfi P, Laghezza F, Scotti F, et al. A fully photonics—based coherent
radar system[]J]. Nature, 2014, 507(7492): 341.

[17] Ghelfi P, Laghezza F, Scotti F, et al. Photonics for radars operating on
multiple coherent bands[J]. Journal of Lightwave Technology, 2016, 34
(2): 500-507.

[18] Melo S, Pinna S, Bogoni A, et al. Dual-use system combining simulta-
neous active radar & communication, based on a single photonics—as-
sisted transceiver[C]//17th IEEE International Radar Symposium (IRS).
Piscataway, NJ: IEEE, 2016, doi: 10.1109/IRS.2016.7497379.

[19] Onori D, Laghezza F, Scotti F, et al. Coherent radar/lidar integrated ar-
chitecture[C[//IEEE European Radar Conference (EuRAD). Piscat-
away, NJ: IEEE, 2015: 241-244.

[20] KRET has created a sample of photonic radar for the aircraft of the
6th generation[EB/OL]. [2017-06-30]. http://weaponews.com/news/118
84— kret—has—created—a—sample— of— photonic—radar—for— the—aircraft—
of—the—6t.html

[21] Fu J, Pan S. Fiber—connected UWB sensor network for high—resolu-
tion localization using optical time—division multiplexing[J]. Optics Ex-
press, 2013, 21(18): 21218-21223.

[22] Fu J, Zhang F, Zhu D, et al. A photonic— assisted transceiver with
wavelength reuse for distributed UWB radar[C}//IEEE International
Topical Meeting on Microwave Photonics (MWP) and the 9th Asia—Pa-
cific Microwave Photonics Conference (APMP). Piscataway, NJ: IEEE,
2014: 232-234.

[23] Fu J B, Pan S L. UWB-over—fiber sensor network for accurate localiza-
tion based on optical time—division multiplexing[C]//The 12th IEEE In-
ternational Conference on Optical Communications and Networks
(ICOCN). Piscataway, NJ: IEEE, 2013, doi: 10.1109/ICOCN.2013.6617
197.

49 Im



—t

.

www.kjdb.org

¥ SR 2017,35(20)

SOME & TECHNOLOGY REVIEW

[24] Zheng J, Wang H, Fu ], et al. Fiber—distributed ultra-—wideband noise
radar with steerable power spectrum and colorless base station[J]. Op-
tics Express, 2014, 22(5): 4896-4907.

[25] Yao T, Zhu D, Ben D, et al. Distributed MIMO chaotic radar based on
wavelength— division multiplexing technology[J]. Optics Letters, 2015,
40(8): 1631-1634.

[26] Yao T, Zhu D, Liu S, et al. Wavelength—division multiplexed fiber—
connected sensor network for SLource localization[J]. IEEE Photonics
Technology Letters, 2014, 26(18): 1874-1877.

[27] Zhang F, Guo Q, Wang Z, et al. Photonics—based broadband radar for
high—resolution and real—time inverse synthetic aperture imaging|J].
Optics Express, 2017, 25(14): 16274-16281.

[28] Li R, Li W, Ding M, et al. Demonstration of a microwave photonic syn-
thetic aperture radar based on photonic—assisted signal generation and
stretch processing[J]. Optics Express, 2017, 25(13): 14334-14340.

[29] Xiao X, Li S, Chen B, et al. A microwave photonics—based inverse
synthetic aperture radar system[C]/CLEO: Science and Innovations.
New York: Optical Society of America, 2017: JW2A. 144.

[30] Zou W W, Zhang S T, Wu K, et al. All-optical central-frequency—pro-
grammable and bandwidth—tailorable radar[C]//URSI Asia—Pacific Ra-
dio Science Conference. Piscataway, NJ: IEEE, 2016, doi:10.1109/UR-
SIAP-RASC.2016.7883546.

[31] Yao X S, Maleki L. Converting light into spectrally pure microwave os-
cillation[J]. Optics Letters, 1996, 21(7): 483-485.

[32] Bagnell M, Davila—Rodriguez J, Delfyett P J. Millimeter—wave genera-
tion in an optoelectronic oscillator using an ultrahigh finesse etalon as
a photonic filter{J]. Journal of Lightwave Technology, 2014, 32(6):
1063-1067.

[33] Peng H, Zhang C, Xie X, et al. Tunable DC-60 GHz RF generation
utilizing a dual-loop optoelectronic oscillator based on stimulated Bril-
louin scattering[J]. Journal of Lightwave Technology, 2015, 33(13):
2707-2715.

[34] Pan S, Yao J. A frequency—doubling optoelectronic oscillator using a
polarization modulator{]J]. IEEE Photonics Technology Letters, 2009, 21
(13): 929-931.

[35] Zhu D, Pan S, Ben D. Tunable frequency—quadrupling dual-loop opto-
electronic oscillator{J]. IEEE Photonics Technology Letters, 2012, 24
(3): 194-196.

[36] Zhu D, Liu S, Ben D, et al. Frequency—quadrupling optoelectronic os-
cillator for multichannel upconversion[J]. IEEE Photonics Technology
Letters, 2013, 25(5): 426-429.

[37] Devgan P S, Urick V J, Diehl J F, et al. Improvement in the phase
noise of a 10 GHz optoelectronic oscillator using all-photonic gain[J].
Journal of Lightwave Technology, 2009, 27(15): 3189-3193.

[38] Yao X S, Maleki L. Multiloop optoelectronic oscillator[J]. IEEE Jour-
nal of Quantum Electronics, 2000, 36(1): 79-84.

[39] Cai S, Pan S, Zhu D, et al. Coupled frequency—doubling optoelectron-
ic oscillator based on polarization modulation and polarization multi-
plexing{J|. Optics Communications, 2012, 285(6): 1140-1143.

[40] Yang B, Jin X, Zhang X, et al. A wideband frequency—tunable opto-
electronic oscillator based on a narrowband phase-shifted FBG and
wavelength tuning of laser[J]. IEEE Photonics Technology Letters,
2012, 24(1): 73-75.

[41] Ozdur I, Mandridis D, Hoghooghi N, et al. Low noise optically tunable
opto—electronic oscillator with Fabry - Perot etalon|J]. Journal of Light-
wave Technology, 2010, 28(21): 3100-3106.

B 50

[42] Maleki L. Sources: The optoelectronic oscillator[]J]. Nature Photonics,
2011, 5(12): 728-730.

[43] Yao X S, Davis L, Maleki L. Coupled optoelectronic oscillators for gen-
erating both RF signal and optical pulses[]J]. Journal of Lightwave
Technology, 2000, 18(1): 73-78.

[44] Zhou W, Blasche G. Injection—locked dual opto-electronic oscillator
with ultra=low phase noise and ultra—low spurious level[]]. IEEE
Transactions on Microwave Theory and Techniques, 2005, 53(3): 929-
933.

[45] OEwave Corporation[EB/OL]. [2017-06-30]. http://www.oewaves.com.

[46] Eliyahu D, Sariri K, Taylor J, et al. Optoelectronic oscillator with im-
proved phase noise and frequency stability|C]//Proceedings of SPIE:
Photonic Integrated Systems. New York: SPIE, 2003, doi:10.1117/
12.475834.

[47] Lou C, Huo L, Chang G, et al. Experimental study of clock division us-
ing the optoelectronic oscillator{]]. IEEE Photonics Technology Let-
ters, 2002, 14(8): 1178-1180.

[48] Yang J, Yu J L, Wang Y T, et al. An optical domain combined dual—
loop optoelectronic oscillator]J]. IEEE Photonics Technology Letters,
2007, 19(11): 807-8009.

[49] Rashidinejad A, Weiner A M. Photonic radio—frequency arbitrary
waveform generation with maximal time—bandwidth product capability
[J]. Journal of Lightwave Technology, 2014, 32(20): 3383-3393.

[50] Wang C, Yao J. Photonic generation of chirped millimeter—wave puls-
es based on nonlinear frequency—to—time mapping in a nonlinearly
chirped fiber Bragg grating|J]. IEEE Transactions on Microwave Theo-
ry and Techniques, 2008, 56(2): 542-553.

[51] Ye J, Yan L, Pan W, et al. Two—dimensionally tunable microwave sig-
nal generation based on optical frequency—to—time conversion[J]. Op-
tics letters, 2010, 35(15): 2606-2608.

[52] Zhang F, Ge X, Pan S. Background—free pulsed microwave signal gen-
eration based on spectral shaping and frequency—to—time mappingJ].
Photonics Research, 2014, 2(4): B5-B10.

[53] Simpson T B, Liu J M, Huang K F, et al. Nonlinear dynamics induced
by external optical injection in semiconductor lasers[J]. Quantum and
Semiclassical Optics: Journal of the European Optical Society Part B,
1997, 9(5): 765.

[54] Zhou P, Zhang F, Guo Q, et al. Linearly chirped microwave waveform
generation with large time— bandwidth product by optically injected
semiconductor laser[J]. Optics Express, 2016, 24(16): 18460-18467.

[55] Zhou P, Zhang F, Ye X, et al. Flexible frequency—hopping microwave
generation by dynamic control of optically injected semiconductor laser
[J]. IEEE Photonics Journal, 2016, 8(6): 1-9.

[56] Zhou P, Zhang F, Guo Q, et al. Reconfigurable radar waveform genera-
tion based on an optically injected semiconductor laserJ]. IEEE Jour-
nal of Selected Topics in Quantum Electronics, 2017, 23(6), doi:
10.1109/JSTQE.2017.2699259.

[57] Li W, Wang W T, Sun W H, et al. Photonic generation of arbitrarily
phase—modulated microwave signals based on a single DDMZM][J]. Op-
tics Express, 2014, 22(7): 7446-7457.

[58] Jiang H Y, Yan L S, Ye J, et al. Photonic generation of phase—coded
microwave signals with tunable carrier frequency[J]. Optics Letters,
2013, 38(8): 1361-1363.

[59] Li W, Kong F, Yao J. Arbitrary microwave waveform generation based
on a tunable optoelectronic oscillator[J]. Journal of Lightwave Technol-

ogy, 2013, 31(23): 3780-3786.



—t

#%S 2017,35(20)

www.kjdb.org

.

[60] Zhang Y, Pan S. Generation of phase—coded microwave signals using
a polarization— modulator— based photonic microwave phase shifter[J].
Optics Letters, 2013, 38(5): 766-768.

[61] Zhang Y, Zhang F, Pan S. Generation of frequency— multiplied and
phase—coded signal using an optical polarization division multiplexing
modulator[J]. IEEE Transactions on Microwave Theory and Tech-
niques, 2017, 65(2): 651-660.

[62] Zhang Y, Ye X, Guo Q, et al. Photonic generation of linear—frequency—
modulated waveforms with improved time—bandwidth product based on
polarization modulation[J]. Journal of Lightwave Technology, 2017, 35
(10): 1821-1829.

[63] Kanno A, Kawanishi T. Broadband frequency—modulated continuous—
wave signal generation by optical modulation technique[J]. Journal of
Lightwave Technology, 2014, 32(20): 3566-3572.

[64] Guo Q, Zhang F, Zhou P, et al. Dual-band LFM signal generation by
optical frequency quadrupling and polarization multiplexing[J]. IEEE
Photonics Technology Letters, 2017, 29(16): 1320-1323.

[65] Yacoubian A, Das P K. Digital-to—analog conversion using electroop-
tic modulators[J]. IEEE Photonics Technology Letters, 2003, 15(1):
117-119.

[66] Saida T, Okamoto K, Uchiyama K, et al. Integrated optical digital-to—
analogue converter and its application to pulse pattern recognition[]].
Electronics Letters, 2001, 37(20): 1237-1238.

[67] Liao J, Wen H, Zheng X, et al. Novel bipolar photonic digital-to—ana-
log conversion employing differential phase shift keying modulation
and balanced detection[J]. IEEE Photonics Technology Letters, 2013,
25(2): 126-128.

[68] Gao B, Zhang F, Pan S. Experimental demonstration of arbitrary wave-
form generation by a 4-bit photonic digital-to—analog converter[J]. Op-
tics Communications, 2017, 383: 191-196.

[69] Zou X, Pan W, Luo B, et al. Photonic approach for multiple-frequen-
cy—component measurement using spectrally sliced incoherent source
[J]. Optics Letters, 2010, 35(3): 438-440.

[70] Wang W, Davis R L, Jung T J, et al. Characterization of a coherent op-
tical RF channelizer based on a diffraction grating[J]. IEEE Transac-
tions on Microwave Theory and Techniques, 2001, 49(10): 1996-
2001.

[71] Gu X, Zhu D, Li S, et al. Photonic RF channelization based on series—
coupled asymmetric double—ring resonator filter[C])//The 7th IEEE In-
ternational Conference on Advanced Infocomm Technology (ICAIT).
Piscataway, NJ: IEEE, 2014: 240-244.

[72] Austin M W. Integrated optical microwave channeliser{C]//The IEEE
Asia  Communications and Photonics Conference and Exhibition
(ACP). Piscataway, NJ: IEEE, 2009, doi: 10.1364/ACP.2009.ThES.

[73] Xie X, Dai Y, Xu K, et al. Broadband photonic RF channelization
based on coherent optical frequency combs and 1/Q demodulators[J].
IEEE Photonics Journal, 2012, 4(4): 1196-1202.

[74] Tang Z 7, Zhu D, Pan S L. Coherent RF channelizer based on dual op-
tical frequency combs and image—reject mixers|C]. International Topi-
cal Meeting on Microwave Photonics (MWP 2017), Beijing, October
23-26, 2017.

[75] Zhu D, Chen W J, Chen Z W, et al. RF front—end based on micro-
wave photonics[C]. The 12th Conference on Lasers and Electro—Optics
Pacific Rim (CLEO-PR), the 22nd OptoElectronics and Communica-
tions Conference (OECC), and the 5th Photonics Global Conference
(PGC), Singapore, July 31-August 4, 2017.

SOME & TECHNOLOGY REVIEW

[76] Yi X, Huang T X H, Minasian R. Photonic beamforming based on pro-
grammable phase shifters with amplitude and phase control[]J]. IEEE
Photonics Technology Letters, 2011, 23(18): 1286—1288.

[77] Zhang Y, Wu H, Zhu D, et al. An optically controlled phased array an-
tenna based on single sideband polarization modulation[]J]. Optics Ex-
press, 2014, 22(4): 3761-3765.

[78] KL L. AR B TR Ik BRI A 98 i LA ] SRR EA, 1990, 12
(4): 1-10.

Zhang Guangyi. Several problems of phased array radar instantaneous
bandwidth[J]. Modern Radar, 1990, 12(4): 1-10.

[79] Dolfi D, Joffre P, Antoine J, et al. Experimental demonstration of a
phased—array antenna optically controlled with phase and time delays
[J]. Applied Optics, 1996, 35(26): 5293-5300.

[80] Yi X, Li L, Huang T X H, et al. Programmable multiple true—time—de-
lay elements based on a Fourier—domain optical processor[]]. Optics
Letters, 2012, 37(4): 608-610.

[81] Aryanfar I, Marpaung D, Choudhary A, et al. Chip—based Brillouin ra-
dio frequency photonic phase shifter and wideband time delay[J]. Op-
tics Letters, 2017, 42(7): 1313-1316.

|82] Zhuang L, Marpaung D, Burla M, et al. Low—loss, high—index—contrast
SisN./Si0; optical waveguides for optical delay lines in microwave pho-
tonics signal processing[J]. Optics Express, 2011, 19(23): 23162-
23170.

[83] Song Y, Li S, Zheng X, et al. True time—delay line with high resolu-
tion and wide range employing dispersion and optical spectrum pro-
cessing[J]. Optics Letters, 2013, 38(17): 3245-3248.

[84] Ye X, Zhang F, Pan S. Optical true time delay unit for multi—beam-
forming[J]. Optics Express, 2015, 23(8): 10002-10008.

[85] Subbaraman H, Chen M Y, Chen R T. Photonic crystal fiber—based
true—time—delay beamformer for multiple RF beam transmission and
reception of an X—band phased—array antennalJ]. Journal of Lightwave
Technology, 2008, 26(15): 2803-2809.

[86] Ye X, Zhang F, Pan S. Compact optical true time delay beamformer
for a 2D phased array antenna using tunable dispersive elements[]J].
Optics Letters, 2016, 41(17): 3956-3959.

[87] Ye X, Zhang B, Zhang Y, et al. Performance evaluation of optical
beamforming— based wideband antenna array[J]. Chinese Optics Let-
ters, 2017, 15(1): 010013.

[88] Fard A M, Gupta S, Jalali B. Photonic time—stretch digitizer and its ex-
tension to real-time spectroscopy and imaging[J]. Laser & Photonics
Reviews, 2013, 7(2): 207-263.

[89] Ye X, Zhang F, Pan S. Photonic time—stretched analog—to—digital con-
verter with suppression of dispersion—induced power fading based on
polarization modulation[C]//IEEE Photonics Conference (IPC). Piscat-
away, NJ: IEEE, 2014: 218-219.

[90] Johnstone A, Lewis M F, Hares J D, et al. High—speed optp—electron-
ic transient waveform digitiser|[J]. Computer Standards & Interfaces,
2001, 23(2): 73-84.

[91] Zhang X, Kang Z, Yuan J, et al. Scheme for multicast parametric syn-
chronous optical sampling[J]. Optical Engineering, 2014, 53(5):
056102-056102.

[92] Zhu X, Zhu D, Pan S L. A photonic analog—to—digital converter with
multiplied sampling rate using a fiber ring[C]. International Topical
Meeting on Microwave Photonics (MWP 2017), Beijing, China, Octo-
ber 23-26, 2017.

[93] Khilo A, Spector S J, Grein M E, et al. Photonic ADC: Overcoming



—t

.

www.kjdb.org

¥ SR 2017,35(20)

SOME & TECHNOLOGY REVIEW

the bottleneck of electronic jitter[J]. Optics Express, 2012, 20(4):
4454-4469.

[94] Taylor H F. An electrooptic analog—to—digital converter[J]. Proceed-
ings of the IEEE, 1975, 63(10): 1524-1525.

[95] Wu Q, Zhang H, Peng Y, et al. 40 GS/s optical analog—to—digital con-
version system and its improvement[J]. Optics Express, 2009, 17(11):
9252-9257.

[96] Wang Y, Zhang H M, Wu Q W, et al. Improvement of photonic ADC
based on phase—shifted optical quantization by using additional modu-
lators[J]. IEEE Photonics Technology Letters, 2012, 24(7): 566-568.

[97] Konishi T, Tanimura K, Asano K, et al. All-optical analog—to—digital

converter by use of self~frequency shifting in fiber and a pulse—shap-
ing technique[J]. Optical Society of America Journal B, 2002, 19(11):
2817-2823.

[98] Nagashima T, Hasegawa M, Konishi T. 40 G sample/s all-optical ana-
log to digital conversion with resolution degradation prevention[J].
IEEE Photonics Technology Letters, 2017, 29(1): 74-77.

[99] Takahashi K, Matsui H, Nagashima T, et al. Resolution upgrade to-
ward 6-bit optical quantization using power—to—wavelength conversion
for photonic analog—to—digital conversion[J]. Optics Letters, 2013, 38
(22): 4864-4867.

Microwave photonic radar and key technologies

PAN Shilong, ZHANG Yamei

Key Laboratory of Radar Imaging and Microwave Photonics, Ministry of Education, College of Electronic and Information

Engineering, Nanjing University of Aeronautics and Astronautics, Nanjing 210016, China

Abstract As one of the most widely—used methods for target detection and recognition, the radar has been intensively studied since it was

proposed. In the past few decades, great efforts were devoted to improve radar’s functionality, high precision and real—time performance, of

which the key is to generate, control and process a wideband signal with a high speed. However, due to the well-known “electronic

bottleneck”, it is extremely difficult for electrical systems to handle a signal with a high frequency and large bandwidth. The optical

technologies, with the intrinsic characteristics of high frequency, large bandwidth, low loss transmission and electromagnetic immunity, were

considered as the keys to “illuminate the future of radar”. In addition, photonic systems are light, small and integratable, which would

significantly reduce the load of aircraft, satellites and ships when carrying the radar. Therefore, photonic technologies would change the

existing radar systems, making radar systems more sustainable. In this paper, an overview of the microwave photonic radars is presented.

The recent progresses of the key technologies and the future developments of the microwave photonic radars are discussed.

Keywords microwave photonics radar; signal generation; signal processing; beamforming

Il 52

(Fizsm#E X &ik)



