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Abstract

Abstract

Radar is widely used in applications such as target imaging, tracking, and target
recognition. In order to improve the range resolution of the radar, a LFM signal with
a lager bandwidth is needed for transmission. Meanwhile, to get more information of
the target, radar signals in different bands are used to detected area of interest. But for
high resolution radar systems, broadband radar signal generation and processing has
reached the "bottleneck" of electrical devices. And for conventional RF receivers,
receiving multi-band echoes needs several parallel receivers with each receiver being
dedicated to the echoes of a band, which restricts the power, size and weight of the
system.

Microwave photonic (MWP) technology has been investigated to extend the
capability of conventional radar systems. Most of the current research of photonic radar
can only support the radar signal receiving and processing with one band. However, the
existing multi-band photonic radar systems are not perfect for the performance of
receiving wideband radar signals. Therefore, it is important to study the photonic-
assisted dual-band radar system.

This thesis proposed a dual-band radar echo de-chirp receiving scheme based on
photonic mixer of parallel structure. The main contents are as follows:

1.  The radar signal generation of wideband linear frequency modulated
continuous wave based on microwave photonic technology is studied. After Comparing
of photonic frequency doubling schemes of cascaded and parallel architectures,
generated a radar transmission signal by using a single Mach-Zehnder modulator
combined with an electrical filter. Realized the generation of broadband radar
transmission signals.

2. Made a research on photonic-assisted mixing technology based on parallel
architecture, The radar reference signal and echo signal are modulated onto the optical

carrier by a dual-parallel dual-polarization Mach-Zehnder modulator, a photonic-
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assisted mixer is realized with polarization multiplexing transmission and coherent
detection. And the performance of the photonic mixer is tested, which includes
frequency conversion gain, phase noise, isolation of each port and phase characteristics
of the mixer. A radar receiver based on the photonic mixer is built, and performed radar
ranging and imaging experiments of inverse synthetic aperture radar (ISAR).

3. A dual-band de-chirp radar receiver scheme is proposed, the receiver system
can receive dual-band radar signals, simultaneously, by using the same set of hardware.
The second-order optical sideband of the modulated optical signal is used to implement
photonic-assisted de-chirp processing, which ensures the dual-band IF signals
interference-free. An experimental system, operating in C-band and Ku-band
respectively is demonstrated and evaluated via a series of ISAR imaging tests in a
microwave anechoic chamber. The results verify the idea of the dual-band radar receiver,
which provides a solution for receiving wideband signal with a single hardware

platform.

Keywords: Dual-band radar, Photonic-assisted mixer, Photonic frequency
multiplication, De-chirp processing
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Figure 1.2 Typical multifunctional integrated radar system
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Figure 1.4 Structure of parallel multi-band radar receiver
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Figure 1.5 Dual-band radar system and imaging verification results of PHODIA
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Figure 2.1 Single frequency continuous wave signal in time domain
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Figure 2.2 LFM waveform in time domain
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Figure 2.5 Target Doppler frequency variation during radar motion
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+ cos(@,?) cos[ B cos(@,f + )]
+sin(w,t)sin[ B cos(w,t + @)1}

AR FA
24

A
E, = ; {cos[ B cos(w,¢ + @)][cos(@yf + $) + cos(at)) (3.8)

+sin B cos(w, t + @)][sin(w,t) — sin(w,t + )]}

KR (G.8) E—HAfE, "LARE:

29



HE T R RSB ROILI UL B S R AT AL

E, = @ {cos[ B cos(w,t + @)][2cos(aw,t + Q) cos(g)]
K 22 (3.9
—sin[ S cos(w, t + @)][2 cos(w,t + g) sin(%)]}
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|29 S PR
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+\24sin(%)|
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Figure 3.2 Curve of N-order Bessel function
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Figure 3.3 Broadband photodetector demo and curve of frequency response

PD KA H I6(E SSRGS R B SRR E R — AP B s i iE,
HHERTN:

31



ETAFEREBHAREBREREEHA

I®O=n|E,®F (311

H, o PD IR AN .

3.3 e FEHER

ERERG S, R LMY MEAR TS EELRNEES AR
BRRMESHHE. T, FSREEREET. MERRTLRANTRK
B MEERAERERIANR, FREREETA=EFTERIPBHCE
MU R I A B RRRANTLRENEATR, Lin, FHEERF SRR
(Direct Digital Synthesizer) HRAEREFREKHES, HTELRTHREFVMHTIR
i, HEH A RAATL GHz, MFERREENTERANTERT 10
GHz HEFHHRME LR EN . SR TMEOL AN KSRGS HeE
B, KT BARNUREERGE TR TR R 7 T aetE. AR
A TFBARBBE X RSB S0 R EER LT UM 8RR,
B 5o A REOG ) 28R F 5 U AR B SIS S R BB L, T R
WS AR T AR, S8R, AR5 STIN IR AV R BRI E
AMESH REEHERIEM. BARRARE 2014 FERBIEER T HETE
79 75-110 GHz I LFM {55, HiZE S EHRRRXE T 7X10°, BEET
R R B, @i Rk ERX ZAET MZM B RER T DR E & RS
S HIFEEP, B SOLFEF A T EREENE RO R @il
F FEBOL R IR PRI R BFER A IR T, NTTH L BB
RIS N B SR T R R, B BE S U IO S AR IS (K1 R A PRS0,
Ak, AT LU MR B AN 2R AT S F R B R (E S/mE 09, &£
A AT 5 H B JURRIMBAS S 7= A 7 R, 6 F ARSI 7 e oA R 1 AR
5, BANEEIRARTHRES, ZHAREGS TANBEEFANRAE
BRAT BHEHEESTAT RPN —REE T,

N 32 WANA, B EWIMEAE MZM EERABERIR/AD, BEE 518
WA E BN S ERAR, WF—RER, WK MZM REERXEH
A B/IMES SR IE AT R B 2R B TS B (N S U (S S SR R

32



B3 E ETHUEERNESE

PR 70 il 4 HE 50 DU A5 43R0 )\ 535U 2 U5 RAT AR R R R B — A
& HL A 48

33.1 HFEInEER

M 108 o't B % 0 SR A5 5 R AT AR AU 7 A A B R 2 AR L TRl
BeA5 5777 R — /M A SRR R 1) AR B B 3.4 FoR, B HE0EEE .
ROGIHHIES . 6 RIRIN &5 DL A S s Y5 2H 1

Li ®- @—»

Jofe  fo Jothk

Bl 3.4 ETHBA MZM 07 RIFERE

Figure 3.4 Diagram of frequency doubling with a single MZM
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Figure 3.5 Diagram of frequency quadrupling based structure of cascade MZM
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Figure 3.6 Diagram of frequency quadrupling based structure of parallel MZM
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Figure 4.1 Spurious-free dynamic range of N-order intermodulation

TGS Tt AE et m e, AR SRS St SR, WHE
E=Fracif, (EA TR RT N SRS . W 4.1 RZRT NI
VRS SR - R, RSO SN TR AE N 1 dB, JE 4%t Th = 560 1 dB,
=R A B DI N 3 dB, N AR H DRG0 N B, SE LR =
R HU 2, KPR R A PR N =B A A (Third-order Intercept Point,
IP3). =B A1 X B a1 A Dh 3 I % A =B 2 (Input Third-order Intercept
Point, 11P3), X 5 )4 tH D 3 A fif i 4 =FA 2218 (Output Third-order Intercept Point,
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M (4.4)aT LLFE H LA dB B SFDR, MR KIS R 52 (n-1)/n, F
SFDR,, {342 dB » HZ™™, X+ T STEHEZ R T =M RS, SFDRs [
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Figure 4.2 Diagram of frequency converter of Harris

HIEHY Harris AR 6T IRABI ML HME 4.2 FR, ELROLER S 1
TR EHA B NP, FIAED B L F WA SR 82 F B H(E 5
RIAIRAE S U6, b NP F Ot 2 6 40 BT AR T 338k A AR
MIEEFHH, LT PR BB B S 10 i, L eeP e BR
M SRAIRMGLHE S0 2X2 BE BEMFEAT RIS, ETiE
BBt SR TR S AR 5

WM SRR 41 FiF, BT ENE T I TSR HR BT W LM
B0, LSO T MBS BN LIS B A AT, TR A RE R Bh 5
i AT

341 FURESUS S Harris JOMBIAURSE BN MXN RIS

Table 4.1 Comparison of MxN spurious performance between commercial mixer and

Harris optical assisted frequency converter

Hittite HMC220 Marki T3-0316 Photonic-assisted Converter
N QO N{LO} N(LO)

M@®RFR | 0 1 2 3 4 M (RF} ¢ 3 2 3 4 M (RF) 0 1 2 3 4
0 XX 3 10 7 54 ¢ X | .16 | -11 ¢ x% [ X% 39 64 e XX
13 11 0 28 | 31 35 1 17 L] 22 38 38 1 76 [ 87 | 9 XX

53 ) 62 3| 38 61 2 >BS [ »85 | >85 | >85 [ >85 2 91 96 92 | 100 | 100
3 73169 | 74166 | T3 3 >85 1 >85 | >85 | -85 | >8% 3 100 1 100 | 100 | 94 } 100
4 >85 | >85 [ >BS | >R85 | >85 4 xx [ »85 | >85 | >85 [ >85 4 xx | 100 | 100 { 100 | 100
RF =75 GHz @ -10 dBm RF=55GHz @ -13.5 dBm RF =7.5GHz @ -6 dBm
LO=76GHz @ +104Bm LO="6GHz @ -27dBm LO=76GHz @ +17 dBm
OIP3 =+10 dBm OIP3 = +25.5 dBm OIP3 = +24 dBm
Conversion Loss = 7 dB Conversion Loss = § dB Conversion Loss = 7 dB
LC to RF Isolation =25 dB LO to RF Isolation = 25 dB LO to RF Isolation = 100 dB
Frequency Rapge: § - 12 GHz Frequency Range: 3 - 16 GHz Frequency Range: 4 - 20 GHz

4.3.1 FITRIDMB B ISR IR
CIRE M E T HMA R FRTR AR G4, 7T LR AT 45/ A0 41 Bk 45 44169701,
e 4.3 B
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Figure 4.3 Diagram of photonic mixer with cascade and parallel structure
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Figure 4.4 output of photonic frequency mixer of eascade and parallel structure
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Figure 4.5 Third-order intermodulation test for cascade and parallel photonic mixer
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Figure 4.6 Photonic mixer with parallel structure
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1) % 245 {c0s(27 £, )€08[@, ] +5In(27 £, Dsin{g, 1}
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1(t) « [sin(27 f, , t)J, (2)sin(27 g, 1)]

o« cos[277( f,p = [ ) 1] .(4.12)
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Figure 4.7 Frequency spectrum at output of the mixer
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Figure 4.9 Frequency conversion gain of the mixer
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Figure 4.10 Phase characteristics of the mixer
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Figure 4.11 Radar receiver based on photonic de-chirp processing
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Figure 5.1 Diagram of photonic-assisted dual-band radar receiver
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5.2 WMBBEAEBIE e FEAMT

B R E X R FH LR TRRFESHARIMESHES, WCK
B Ku BB B AR S LFM 5 59 B1CA Sre ¢ A St g X BB BUERIE RS
B 5 AIRIRN:

Sy &)=V, cos(wt +k nt*
{ )=V coslat +heat') LG

Sr_(8) =V, co8(@,t + ke mt’)
B Ve, Vi ac, ok ke ki 7 BIRIEBUE SR GHE 7 REE, MAHE,
BIXEKESATAEIEARS LM E S 1R, HIEKE SaEs HirK
RETRHEIN. XBRREERTEN r £F MR BfF, WNKREEEFE
S UERTRA:
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SRx_Ku = fau (r)'er_Ku (t-7)

i, fo()F fedr)7 B9 BAREE C BB Ku ERHIR AR, r=2rc HEIFEMBE, c AKX
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Table 5.1 The requirements for interference-free operation
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Figure 5.2 Simulation results for dual-band de-chirp processing radar receiver
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Figure 5.3 Result of de-chirp processing with a bias voltage drift of 30mV
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Figure 5.4 Result of de-chirp processing with a bias voltage drift of 100mV

20 -20
z- 40
=
m
2 g 60
L - b
3 o
g Z -0
) -100 1 i U
i AT LY
0 02 0.4 0.6 0.8 1 0 0.2 0.4 0.6 0.8 1
Frequency (MHz) Frequency (MHz)
(a) PR E B EFEH200mV X Null 5 KW (b) f B B E A 200m V 5 Peak /5 IR

59



HEF T 2 PRSI i XU BB i AT

B 5.5 JREHREES 200mV X E AL ROEH
Figure 5.5 Result of de-chirp processing with a bias voltage drift of 200mV
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Figure 5.6 Dual-band radar experimental system and optical image of two TCRs
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Figure 5.7 The spectrum of transmitted signals of dual-band radar
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Figure 5.8 optical spectrum of modulated signals of dual-band radar
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Figure 5.9 The spectra at output of the coherent receiver
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Figure 5.10 The image of a pair of rotating TCRs in C-band and Ku-band
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