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Linearity Optimization of Lagrange Multiplier for Radio-Over-Fiber Link

FAN Yang-yu, WANG Wu-ying, LIU Xi-chun
(School of Electronics and Information , Northwestern Polytechnical University , Xi’ an, Shan xi 710072, China)

Abstract: Nonlinear distortion is identified as a major factor affecting the operating bandwidth and spurious-free dy-
namic range (SFDR) of radio-over-fiber link. Combining with the RF power ratio, polarization multiplexing and bias con-
trol techniques, a multi-channel radio-over-fiber link with high dynamic range and octave-spanning bandwidth is construct-
ed for distributed antenna system (DAS). A model of linearity optimization for the proposed link is developed using a La-
grange multiplier method optimization model, and the best trade-off among RF output power, polarization incident angle
and RF power ratio can be obtained. Thus, the optimization of link linearity can be achieved on the premise that the third-or-

der intermodulation distortion (IMD3) and second-order harmonic distortion (HD2) are suppressed simultaneously. The sim-

ulated and experimental results show the proposed scheme is effective and feasible.

Key words:

1 5%

Y6 # JC 4k 3 {5 (Radio-over-Fiber, RoF) Fl [ 25 [d]
@595 (Radio over Free Space Optical , RoFSO ) $ AR 2%
G THHUE S HOCE S R PE e, BB AE T A% e ik &
AR AR R AIURATOR AT A Y L RS, & 2 —Fh
LI SRR AR AR ATAE R, PR S 0
55 FIE BE i B 75 I RF S K e 4l (5 R AR E
5 HARAAAE I T RN HT A T PR A5 58 AR R A 20
i R4 R 48 (distributed Antenna System, DAS) {5 |
Tz RN, © 2 AR AR F B B i ) AR T
AR 250 BRI, W25 Sl 100 400 8 ol A X £
H, @ 1E 38 45 43 %2 1 (Orthogonal Frequency Division
Multiplexing, OFDM ) E% , B T HIEE I Z L (Peak-to-

Wk H 39 :2020-12-03 5 4& 8] H 191 : 2021-01-25; 54T 4 . £ R £

radio-over-fiber;distributed antenna system ; Lagrange multiplier method; linearity optimization

Average-Power Ratio, PAPR) 5 51, & % 51 B 157 K K,
XA R 1 B NS AR M T RS AR Rk, ek
TCE I {5 5 B 2 AL HOR & 28 BUR IO+ Sl it 55
NG T Y e Kk . 5D i #5 (Mach-Zehnder Mod-
ulator, MZM ) /2 ' 3870 2 38 {75 4 B v 1) SC B g 1, HL
BN 2 HEAT OGR4, (R fa e 4 [T ) AR vk
Rtk 272 A2 P 5 1 = B 32 )81 9< H. (Third-order InterMod-
ulation Distortion, IMD3) Fl —. /i i 2k B (Second-order
Harmonic Distortion, HD2) , %Ak T R G 1) JC 24 # sh &
U FE (Spurious—Free Dynamic Range, SFDR) Fl 47 T , 1%
H RoF HARAE DAS Z G0 Hh 1w 1 & JEE ) 3= B RH A% .

h T RGNS, HATC 2421 T
2 PR AE AL B K I BR AN MZM 77 A 1 AR R 2
LR EEEOR T DL R B TR G TR



1928 H, ¥

EE 2021 4F

7 ZE AL TR T HOR B 7 28 . i E a5
FIF AT B IR AT B A BRI
Lo AR AT LA RAW ] IMD3 A HD2 (B AR A U R 4t
TARESAR G50 I ZPE R SA ST AR . R T s il F
AR I Y 3% SE AT, T ROt T &R B
J iz T ah A A e s i E o b . 24T, K2
BT O 245 Th T IMD3 [ A, A 45 I8 il et e 92
AR S A SR AR XU K L
ARG AR RS H AR A L2 R R KA
D FH S W7 TR B, HD2 #0451 1 ke B 22 1Y OC 1
Han 55 4 H3IR5 (500 O 41 981 ] D' 2 200 I g A -1y
PRI A R Bt ] IMD3 A1 HD2 , {2 3% 7 58 7 24
DA T R I A PO AR 0 1 R O 91 L 52 PR T U
P BRI T, Zhu 25 A H— 0L T 4R 5 XCF
1 550 14 1 % (Polarization Division Multiplexing Dual-
Parallel Mach-Zehnder Modulator, PDM-DPMZM ) 114 £k 4
FEOUAL T 58 , Gy A2 PN AN IMD3 Fl HD2 S i Bk 6
He g AR L b O B (B F T R 2 A R IR RS
R TS BN — XA T MZM 3800 T RS
SRtk . Bz, UL BRI Jr vk BOAR AT DAk T b A
IMD3 #1 HD2 , {H 2 FIT 47 7 1 oy B A X A7 S B rh
A . PR, 38 U0 ST A — ol A7 BT v R 5 92 ]
i IMD3 F1 HD2.

A SCHENS /AT RSB S0 UE T — R T hidie 52 S 8
& ] 2% (Polarization Division Multiplexing Mach-Zehnder
Modulator, PDM-MZM ) 1) £2 3 18 S % JC 2% i 15 55 %% , B
A R PERE AR TE NG SRR AR AT T
T oA RE RS . T R 1 3 Thitk
BA H e -1k i S AR TRY , XoF S ) 3 L A4k A A
ISR H0 T S 0 A DG PR R AT T B 4 B A5 3R
5T RGN B TAE R, ik — Bk RGETo A Wsh
AR BEE 7 REA . 7 A i A T AN o i
T % A5 £ B AT 5B TMD3 A HD2 A1 . 45 ELA
SR EE R IAE T TR TT R A R AT

2 T1EEIE

AT o0 A R R Ge ) 2 38 18 ' 38 o 2 15 B
AN 1R .t JE) (Central Office, CO ) H AR RG34 |
WO A% (Laser Diode, LD) Al PDM-MZM £ i, H:f PDM-
MZM i —> 3dB LR & A% P> F MZM (sub-MZMX
1 sub-MZMY) . —1> 90° i 3% it 5% #% ( Polarization Rota-
tor, PR) M — I i R A5 i (Polarization Beam Com-
biner, PBC)ZH A%, . i ¥ K £k .00 (Remote Antenna Unit,
RAU) L35 Y6 K 2% (Erbium-Doped Fiber Amplifier, ED-
FA) i 3% 355 1 %% (Polarization Controller, PC) . 2 fi #f
(Polarizer, Pol. ) FGHL I £8 (PhotoDiode,, PD). B 4G,

WO &S m AR 6 A ST 2] PDM-MZM H 38 13 SRS
A 8T 4 W B3 A PDM-MZM (1 | . F ¥ . 7F PDM-
MZM ()R S OGS 5 2t PR G ek 2585 e e
90°, SR J5 5 b i h 1 A5 58 i PBC IR & 3, A
11l 7€ PDM-MZM F %1 H i 7= A= — A 1E 28 ik 2 F OB (R
S R T HD2, PR MZM i & 76 2R A I 1E
. FERAU I GAE S Al iR 5, F PC R EE IE
R B F AR 5 i —A~ A Pol. B FE 4y I £
A5 B 2 Pol. Y 40 AR 5 7= 42 19 IMD3 43
R B AR 25 MR AR I . SRS, D615 5 8 PD O H AR
Ji , B PDM-MZM [ . PR 77 A 19 B4 IMD3 AT HD2
AT 58 AT, I SEBLAE LMD . fe 5, PD B ok
FL I 5 3 R S R R g Hh

|

[
iR % y o
el LamNE X%

——————

Ce o The IRIRIER

KRG B {2 28

RS KERNE £

I i 4 51 28
Efmes RS xu

P AT A SRR AR G ) 20300 G BG40 £ i gk

WO A B 2 R R D' E(,exp(ja)‘,t)%ﬂ? JHorp

E w43 57 A5 5 (0 L 7k B R f % E RN E,,

I TR IE AR IEZS (Transverse Electric Mode, TE

FELFI Transverse Magnetic Mode , TM 5, WAE PDM-MZM

A4 s , TE A iR 2 RS 5 AT R

EJ] 1 Ec,exp(ja)ct) cos((ﬁls(t)+ ¢1/2))

o y
Y Ecexp(jwct) cos((ﬂzs(t)+ ¢2/2))

Forr, gy F0 By, ¢, gy 23S0 27 b T R R o i 1) 9 1
TR LA i A, 5 (0) R X5 G055 .

SRIG L IE S AR 52 F DG A5 5 1 EDFA UK S L 4
it PC OGRS MR IR 5 T A Pol. , DT 1F 52 fi
PICATF 5 LA — & B D = A SR 9 5052 21 Pol. 19 50, Mg
PR A AR B R/ NIEE T PIAS TE S Pl PR 25 B3 3 Pol. 32
HRCDIALL . Pol. it BOGIF 5 H

Epo. ()= E ycos(a)+Eysin (@) exp(jo) (2)
Hrb a R IR AL A L 0 KR A IE S IR 2 1] 9 AH
B2z M TOLHRARINAYF 7 fEE  TE AN TMAEDG [R5
Zo3d PD Jrof 7 A 52 S, TSI 1 AR ik 2k LA
BEIREE . AT R — [ 6B R /2, 7 AR
A IR AR EAHGIE . JG1R S TEAR PD S5 7 A G L I
LIE-%iv)



% 10 M

BEIR AR OCER IO 5 B HOA% 1) H o T et Al 1929

i()=RE,,. (1) Epy, . (1)
1 cosz(a)cos[2ﬂ1¢(t)+¢l]
—RE? (3)
8 +sin? (a)cos[2,82¢(t)+¢z]
Horp, R 9 PD R R B JE , By (1) 2 Epy (1) B9 52 3L
B, MR N 0, o, B (55 Fom s(t)=cos(wlt)+
cos(wzt), ¢, K ¢, 53 e BN —n/2 A/ 2. {d 22 8 2%
BURFFA(3) I Z 0 = Bl = S50, W PD S G L U
M= 23RN
(28,0()= 4/3 B5 (1)) cos’ ()
(2,0 ()= 4/3 B35 (1)) sin* ()
H 2 (4) AT IR Y, O L A0 7 A= 18 D' L A 5 1
BRI PR3 2 T 52 AT S8 A PDM-MZM 72
1Y HD2. 1 A1 BRI IR IR AN W), 755 A0 5, IR B, B, il
o (R /M FH . — 2 A5, WU FEHRTH IMD3 15T 11 [e] i
AT L AR BR AT SE B0 IMD3 B 301 . 4 s° (o) 15 7
“ARBEFIFCAR Q) , B IFRZEmT, 2 (4) AT 55
FRH
i(t)zf(y,a)[cos(wlt)+ cos(wzt)]

+g(7, a)[cos((Zwl —a)z)t)+cos((2w2 —wl)tﬂ (5)
Hodr 1 (7, a) 1 g (7 00) 43 112 5 5 3001 TMD3 37 56 T 5
W) ZE Ly FAw IR A S 1 o ) PRES, Z2 W B0, A
(e

()= g WEZ () 4

{f(y, a)=+/7 cos’(a)—sin* (a) 6)

2(pa)=sin? (a)-y**cos? ()
Hrpy= 1/ 45 RWRBN T A>F MZM [ S5 5 1) 2y %
Fo. S T IHBR IMD3 3, 451 g (7, @)= 0 FLf (1, o) 0 470
W RS (7, o) B9 Bk AT, B IMD3 448K 2
il Lk T 0y R % AERE . O T AE I R IMD3 T ) L
NSRS i S S NS R DR A R e Lo
F 2 (6) ST A e AR SR T o g )

L(p.ar)=f(ra)-ig(ra) (7)
Horp 2R B H IR T f (. ) Fil g (1 o) 233152 X H
HAw sR B 20 SRR & . %A 2 (7) B — B 45, 914
BAEE R VL N0, AT 15

rocT
O | [(y"*+327 ") cos? ()
VL= Zfﬁ = (ﬁ—ym—/l—l)sin(a)cos(a) =0 (8)
o
oL sin? (&) —y*?cos? (a)
L 04 |

Rfp=i(8), AT

y 0.25
al= {0.34 } (9)
2 -0.42

X (9)F W, MG R I R 6dB H Ak AGH 4
0. 34 JICRE I, ek i s T2 ml LGS 345 K fE . #55X(9)
RS (y. o) AT A5 F R DL MR BE 0 0. 33, 5 %A et Ak
)BT A L, S AT Hh T R R ARk 2. 5dB.

Xt B bR BORN 249 SR R B A T B AR 2 1 3
RSN 2 (a) M (b)) s, Hop ar 5228 43 5l 3
TR EL R 0. 33 FTIMD3 Ky O B A SEE 28, 16 (0 +F R
(OB TAE S . E 2(a) AL T L)
A D 5 A T AR A PR A G A 43 50 B L He A
B L T 2(b) 7R Y IMD3 128 4k #a 3 5 1 A8 4 AR
JZ, Ut B A 3 a4 S A ) R A e AR A S A R
IMD3. BbAh , 7 St T A o5 BRI S (LR R B s gk, 36
HH 35 38 RN TMID3 7 L B 3T el AR AL 22 08, I sh A/
VLA S e s AT 2 Mk BE AL X R e K A e TR
EHAH .

i 4% N Gt £ /radians

o
t

0 0.2 0.4 0:6 0:8 ' 1
$ 00 3 . fdBm
(@) BT A LA R B0 5 B8

i #& N3 ffi /radians

0 0.2

04 0.6 0.8
5t 451 1y %t /dBm
(b) IMD3KT 44 2 2 LU A i NS £ 0 S5 2 e

&2

3 ZREREHSN

MR P 135 JE SRR IR I - 5, X 5 %611
AL AT R M R AT R E . A0 A S R 2SO % (KG-
DFB-40 ) i H1 3 K g 1550. 12nm H. 2 % Jy 14dBm ¥
O H U, A G B — Ak EH 8 0 ] 2% (Fujitsu
FTM7981) , H: 3dB 47 % A 30GHz, 2 HL 4 3. 5V. A
T HD2 2k B, AT MZM AL &l 1F 52 i B AR
HARVEA R . WA AE 5 & E 4% (MSG, Agilent
£8257D il HP 83640A) 43 Jl = 4§l % &y 10GHz



1930 H, ¥

EE 2021 4F

10. 1GHz B SHM5 5, FH— 1> 3dB IR G i &l —
ABCEAG 5 D53 Wil , rfr— B3 3% % sub-MZMX /)
SRR ity 1 HEAT RO R L 55 Ah— B3 A — A R
FH 6dB J5 1% 2 sub-MZMY. 7E PDM-MZM () % H St
77 ) IE A AR B2 S 5 3l i — A 3 28 PC 1A Pol. .
PC 1 EZAE AR OG5 RS T AR R
IR GET P AR A ST B G , DT B2 A5 5 1
PRA . Jm , R 0BRSS A 9 43GHZ 1)
-1 5 H #5500 2% (Finisar, BPDV2150RM) #F 47 % Ht 4%
e, 00 3] 0 H G5 K B — A 40GHz 1) HLUSF S 43 AT
A (FSQ-40) #H 4TI HE AL % . R T8 FXF Hb 43 # , X —
AN IEAS BB A AT T I AL SR

WE3(a) ME 3(0) iR, Sl RIS , rde
J7ZE 10 IMD3 4312 D) A X F 55 3 DR 40 1 58. 9dB,
AR A % EU 1 1 32 0 B85 6 L 1h T IMD3 R 22t B
Ak, HAH X F 3 U ) 3 AE A 8] 0 I3 2% 1 R AR
31.5dB. K, 38 i Pk AR AR JS , IMD3 il 42 = 1
27. 4dB, BoR T RS A R AN SR L B 3(e) 2 AR
T M A 3 38 %7 T8 (Resolution Bandwidth, RBW ) A
IMHz H A5 %8 17GHz R i s i HD2 fL i . i B AT 0L, 78
IE AR EAR R, HD2 T3 KK A, AR 56 30 1y %
AR T 29 60dB LA L, 3 B T $2 7 8 0T DATE 2 A5 M FE iy
e b TAE. 1A, WK 3(a) FTE 3(c) AT LLE 31, 2830 2k
PERE DAL S TS SR A 134055 i HD2 F1IMD3 5% 4%, 3% 3 2
FH i B RS R B B R R I Bl 5 2 1

20 -20

(@) ®)
40t x 40+ %

g 31.5dB

o -60+ 4 -60 - !

g I58.9dB

g 80+ : 80t I

-100 & A X -100 | ”

98 100 102 104 98 100 102 104

4R /GHz
(@) FTH& 77 RIMD3 R (b) 1IE5S B #EH AIIMD3 Hi i

-20

(©)
40

2 ol

-

4 -80

®

-100 ! e
8 12 16 20 24
4% / GHz
(c) A7 RIGHD2 BB

13

N5 (1) TE A4 B s A Bl 43 B an ] 4(a) RN 4(0) i
75 . PD % A i 1 0% 2 A8 1] EDFA #E 47 780K I OR 4F
14dBm AL, ) 2 (1) 4% % M I A - 163. 1dBm/Hz. S %%
& 4 (a) H IMD3 i1 6, v LU 21 24 5505 5 A TR gk
A, S A 1 T R AT SR T AP R R b B 2R PR K R
A PRI A 25 TR PSR . IMD3 R BHR AN 5, i3
B = B2k L 215 20 A n ], T O B Ok B

AL E B N E . 2 et tiAb)s , =B SFDR
112. 6dB-Hz™, 51 4(b) 0 1E 32t B BEFEA L, shZASTL
BT 16, 7dB. PR S IR B AR AR TR I ) —
[ SEDR 4351 4 92. 4dB-Hz"* #192. 6dB-Hz'"?, JL-F-AH [ ,
UEIATE IR TAESE T, IR S A e — 35t

0

(a %‘ﬁﬁ ',4
L 40 /""" y
m l/lf % /
I g /’Q\ 7
g0 e | = & -
’r N Y /, e
jg N w / i
& £ £ 7
120 & 117
L . 7
-160 3 /
-40 20 0 20 40
SR /dBm
(OViEVES
0
(b) .

-40 %,@:.r‘/ =
§ - 7 4 //
% = 711 5 ’/%/

S= 7
H oy b 4 'r;éé
g % E / % 5
o120 - N4
T/
-160 )«f
-40 20 0 20 40
SHE A INE /dBm
(b) IEAZ i B B 2%

3 S | B 7 v/ 3 € P

T B UE T B 5 58 0 TE A AR R AR e A
R 10GHz H. I 4% % A 40Mbaud Y 16-QAM (16-ary
Quadrature Amplitude Modulation) %% 7 1 il {5 5 4K 5l
PDM-MZM [ 5 45t 1 . S8 7 (& 5 R B A FH &R (5 18 1 %
It (Adjacent Channel Power Ratio, ACPR) it A =
ACPR & XCh B 518 543 E S DR Z L, B2
it RGO HERE M TR bR . VLSRR 5 BT 2R, I
1 ACPR [ S 305 A Ty S (%) B4 I i 38 o, 4 5634514 A )
T i — % B {E R ACPR JF4f 2RI RRAK . X 3¢ W 7 5t
W) AR, ik 2 45 1 A D ] 2T A
Xt R Ge Y ACPR MEREXE UM . H Ik, ACPR Fifi 33 47 T
R[4 348 0T R0 28 S I (L 5 LR B S AL A
Ty 00 b 2 1, A 10 1 58 3 4115 3 19 ) R R
i, AT i ACPR SRR R . BT B2 M FE Ak S8 Fn
1E A2 i BB 6 0 A B9 ACPR WA 43 %) M 49. 8dBe Fll
44.2dBe, it & PEFELALSS ACPR 25 T 5. 6dB.

6 (a) L 6(b) h 16-QAM 155 fif 14 I 1 431 3% .
WELIE 6 (a) FF 7 555 , w] LA B0 =6 A T8 A X 40 1 1tk
T D22 JLF- T LA Z W AN, X ) A e 1] R R Tl dn



%10 BEFR AR OGO S (5 B A% ) H e T2tk B p Ak 1931
o[ @ )R b, DTS2 B dpe R IR B S AR PR R . TR UL
J 0 2 R IS T B A RO T S B b fid
Y FEL I e Pl i 2 o #5100 B AR
g
<X 40 F a
?3 sl @
X PR [P , \
60F DIl
30 g ’
M
i i 3
20 -10 0 10 20 75
S8R AN TH R /dBm ®
(a) TR 7T %
90 |
s0f ()
AT ey
-105 L L
10.0 10.1
o K /GHz
g 40+ (a) TR 7T %
o)
< 45 L
30F -60 }
i i g
-20 -10 0 10 20 g
SHREAINE /dBm 75
(b) IEAZ I B % ®

K5 ABfEmERIL

HHE s . AT AL R P AR 1], AT O AL R ] 45 o
Ay A gAY X BRI B 5 HR P A HR 1 o B ok T8k, nl
DL 2 b X 43 H DU G B FLSF- (00,01 10 A1 1L, 0 o
M) 1% 75 2 10 I8 E (Error Vector Magnitude, EVM) B8N
3. 1%. T 6(b) s B IE A B 7 585 M % T ¢ B
X EE A4 T8 BT B S A i R TR X R ) A A ] A
ST BN, IR P IR kR AN T B EVM AR
2 6. 4%. (HAFE A, bR B 76 A1 ) B 55 45
ATIET MR . X R, R E e AR 45
STE MR 2RI/, ACPR PEREAS- RN , 5 & 5 )
ISRV AT

KT BAEAS [F) S A S0 R L %o S At SR A S
MR B AR AT 1 HR I A BEAE0F ELRN S o . 52
B SO SR L AR SR P A R 3dB 1R 7T 7 F
FRSTIL . N AE T H A, DN T LAY SR 2l 2R )
it FH e KA AT 0 — 4, I H o WLk AT 3R, 25 -
BT Bt . B 7 Al S0t R B A R LA 38
KM, HAE-6dB Ab ik B e KAH, ARG BE 2 T [ .
e B U S AR I R e A g DR R
FRRE IR, QSR AN A T HEASE AL, T 2R e AR e S B e K 11
LRVEIE . 2012 4F , Huang 25 AR H A5 26 p 2 5206 46 31F
AR TR s O 3dB, AR 7 0T LLE 9 A
RN B4 5 4 ) L B KA /N -2, 5dB #1-2. 1dB.
U3 I PR B S ARG, AT Lk A £ A S A

-105

9.9 10.0 10.1
SR /GHz
(b) EXw B

Fl6 DAY At S A S e S R

2

I3 —1 545 H Th &R
A ) o

'
(=)}
T

d5 a2 6
SHRATNEKLE (dB)
7 5 B (L0504 ) Rl i Gl (5048 19 10— fk S i th D e 5
ST LR 5 £
4 #ig

AR SCH NS B AE T —Fh ] T A UK &R
GL R 2 18 T L AU A R B, FHA O A s AV
IR APl SE AN A A8 B e AL O T SRR
(R B L AR B2, X T 4 07 SR HEAT 1 TR I H R



1932 H, +

EE 2021 4F

R L B 4R T A TR AR A A
SFPAA Ty S5 Ll 22 8] (A B OC R ZE I 3R etk L
H SN b, RAT T e AR S A LR T R i B A e 4
S TRIAL T SEBGHRAE XA Ok 10 e Mk Ab i B 5 R
AT . SR A A R R, g kAR
S I B Eh AL E R 16. 7dB, i A s A5G
Fil R 15 92. 4dB-Hz". AN, A SCHE FIF 16-QAM {5 5
IR T ARG e 25 R R G &ad ik
J& ACPR FIEVM By PERERS 2 T 0 I Ay el . X g At
TR T TR Tl R R AE A I AR R G
Fh OB B BT AT PR AU Rk, OF BUN A AR [ i as DG
FSATE A PR 2 N

S% 30k

(1] FIESEL, BRSE, i 3F . RoFSO %4t fh 4FSK 11 K it 1
FERPERE BT, OEER, 2010, 34(4): 466 — 469.

Ke X Z, Chen D, Qu F. Simulation of 4FSK and perfor-
mance analysis of bit error rate in the RoFSO system[]].
Laser Technology, 2010, 34(4): 466 — 469.(in Chinese)

[2] Lim C, Tian Y, Ranaweera C, et al. Evolution of radio-
over-fiber technology [J]. Journal of Lightwave Technol,
2019, 37(6): 1647 — 1656.

(3] JUH IR, BB IE . 204 X2 v e 55 75 2l 3 £ o0 265 25
FI[I). HBLT-2241, 2004, 32(S1): 16 - 21.

You X H, Zhao X S. Distributed radio and cellular mobile
communications network architecture[]J]. Acta Electronica
Sinica, 2004, 32(S1): 16 — 21.(in Chinese)

[4] Luo W L, Ke X Z, Ma M. Technology Study of Reducing PA-
PR based on Low—Voltage Power Line Communication of
OFDM [A]. International Workshop on Education Technology
and Training & 2008 International Workshop on Geoscience
and Remote Sensing [C]. Shanghai, China: [s. n.], 2008.
762-1765.

[5] Fan Y T, LiJ Q, Xu K, et al. A detection-switching-assist-
ed DCF mechanism for simulcast WLAN-over-fiber based
distributed antenna systems|[J]. Chinese Journal of Electron-
ics, 2017, 26(04): 837 — 841.

[6] Liu X, Liang X, Dai Y, et al. Suppression of nonlinear distor-
tions in intensity modulated analog photonic link employing
digital signal post—processing[A]. 2016 IEEE International
Topical Meeting on Microwave Photonics (MWP) [C]. Long
Beach, CA, USA: IEEE, 2016. 129 - 132.

[7] Liang X D, Dai Y T, Yin F F, et al. Digital suppression of
both cross and inter-modulation distortion in multi-carrier
RF photonic link with down-conversion[J]. Optics Express,
2014, 22(23): 28247 - 28255.

[8] Yang C, Li W, Yu S. Single channel 224 Gbit/s (56-
GBaud) PAM-16 transmission using linear digital pre-dis-
tortion [J]. Electronics Letters, 2017, 53(21): 1420 — 1422.

[9] Napoli A, Mezghanni M M, Calabro S, et al. Digital predis-
tortion techniques for finite extinction ratio 1Q Mach-
Zehnder modulators[J]. Journal of Lightwave Technology,
2017, 35(19): 4289 — 4296

[10] Dai Y T, Liang X D, Yin F F, et al. Feedforward lineariza-
tion for RF photonic link with broadband adjustment-free
operation|J]. Optics Express, 2017, 25(17): 20770 - 20779.

[11] Liu W, Ma J X, Zhang J Y. A novel scheme to suppress
the third-order intermodulation distortion based on dual-
parallel Mach-Zehnder modulator[J]. Photonic Network
Communications, 2018, 36(1): 140 — 151.

[12] Gu Y, Yao J. Microwave photonic link with improved
dynamic range through 7 phase shift of the optical Carrier
band[J]. Journal of Lightwave Technol, 2019, 37(3):
964 - 970.

[13] Wang Y, Zhang H, Wang D, et al. Microwave photonic
link with flexible even-order and third-order distortion
suppression[J]. IEEE Journal of Quantum Electronics,
2019, 55(3): 1 - 9.

[14] LiJ, Zhang Y C, Yu S, et al. Third-order intermodulation
distortion elimination of microwave photonics link based
on integrated dual-drive dual-parallel Mach-Zehnder mod-
ulator[]]. Optics Letters, 2013, 38(21): 4285 — 4287.

[15] LiX, Yang C, Chong Y, et al. High dynamic range micro-
wave photonic link based on dual-wavelength dual-paral-
lel modulation [J]. Chinese Journal of Lasers, 2015, 42(1):
1-7.

[16] Haas B M, Murphy T E. Linearized downconverting mi-
crowave photonic link using dual-wavelength phase mod-
ulation and optical filtering [J]. IEEE Photonics Journal,
2011, 3(1): 1 - 12.

[17] CuiY,Dai YT, Yin FF, et al. Intermodulation distortion
suppression for intensity-modulated analog fiber-optic
link incorporating optical carrier band processing[J]. Op-
tics Express, 2013, 21(20): 23433-23440.

[18] Han X Y, Chen X, Yao J P. Simultaneous even and third-
order distortion suppression in a microwave photonic link
based on orthogonal polarization modulation, balanced
detection, and optical sideband filtering[J]. Optics Ex-
press, 2016, 24(13): 14812 — 14827.

[19] Zhu D, Chen J, Pan S L. Multi-octave linearized analog
photonic link based on a polarization-multiplexing dual-

parallel Mach-Zehnder modulator[J]. Optics Express,



%10 BEIR AR OCER IO 5 B HOA% 1) H o T et Al 1933

2016, 24(10): 11009 - 11016.

[20] A. Zilinskas. Practical mathematical optimization: An intro-
duction to basic optimization theory and classical and new
gradient—based algorithms [J]. Interfaces, 2006, 36(6):
613 - 615.

[21] Huang M H, Fu J B, Pan S L. Linearized analog photonic

links based on a dual-parallel polarization modulator[]J].
Optics Letters, 2012, 37(11): 1823 — 1825.
E&E &I

BER T 1960 FFAE BRVGHE OB R
PEIL Tl R 2 B 15 B Be 2 A S0l
FERF ST 10 R R AR B BRI
REAIN S

E-mail:fan_yangyu@nwpu.edu.cn

ERE T, 198044 T & A NP
Sl N S R S U B R T e 63 Ul
7 A R TR IBASHOR SO T H Ik (55"
A=A

E-mail:mynaw@163.com

XUEEE 1, 1997 A BRI A T
0T e {5 B e At F 5 2 . R A
G AT A DL
E-mail:lxc0205@mail.nwpu.edu.cn



