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Research on Target Tracking Technology Based on Deep Learning
LUO Yuan, XIAO Hang, OU Junxiong

(College of Optoelectronic Engineering, Chongqing University of Posts and Telecommunications, Chongqing 400065, CHN)

Abstract: The application of deep learning technology in the field of computer vision is
becoming more and more extensive, and the target tracking technology based on deep learning is
an important research topic in the field of computer vision. In this paper, firstly, the
development process of target tracking technology at home and abroad is reviewed, and some
typical target tracking methods based on deep learning are introduced in detail and compared;
then, several typical data sets in the field of target tracking are summarized; finally, the research

progress of the target tracking technology are summarized, and the future development directions

are prospected.
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DLk — 54 e B bR R B o H AR AR B RO AR
T ih &K PE R H 4% . Danelljan 257 78 KCF 1Y 3% Al
B RCEE Al T, B W T A B RO 25 ) B AR
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Gladh 56 % G5 F T AR AE 5 5 B iz sh 4% Ak
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Motion Features for SRDCF) ., W TR E iz sh 1
5 HARYIR 0 R AR AE 58 43 BAb, Xz ) B bR R
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Jii s Danelljan %5 #f — 25§ & XF DMSRDCF (%) fiff 5%
TAE IF7ESCHR37 I PR 40 1 38 T IR B 32 sh RR1E 1
& 26 AR B A BRI 0 BAR S

1 X T SRDCF, DeepSRDCE #1 DMSRDCF
=P[R B AR DU Y £ T RE R A

& 1 SRDCF,DeepSRDCF #1 DMSRDCF 14 &€ 3t Lt

iR SRDCF DeepSRDCF | DMSRDCF
Mean OP
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(OTB-2015)
Mean OP
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(Temple-color)
FeR =208
1.24 1.05 0.92
(VOT-2015)
HER BE
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M3 1 AT, F) IR R# A B DeepSRDCF Al
DMSRDCF J& i& /& 76 % i £ OTB-2015 i J2& &
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3.2 C-COT 5 ECO
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( Continuous Convolution Operators for Visual
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o AR R T N SRR i s e A AR SR A AR

B J5 Danelljan 257 DA g il 25 44 1 FE A 52 K
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C-COT 5 ECO 7e¥tdli 48 VOT-2016 H Ay I3T
GiER 2 PR, B BIR L ECO ERIERS B 1 5
it -, A8 T C-COT, ¥ EAO (Expected Average
Overlap) FI& HPE A BT LA .

%2 C-COT 1 ECO f##Ext b

B i | EAO | &#dE | MEWE
C-COT | 0.331 | 0.85 0.52
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SCHRL38 JHE— 20T Ji 1T 8 R BE A ik iz F T H AR
BRER BORIT ST . 45 0 T TR BE R AR RE 65 4 175 v S Ah A5
BH A2 A SN A 19 5 {575 2O B s B
TR T % Y 0 45 R T L BB R E 4R v TG A Y
5. FET LA LENE . 3 T A Rl 3 s 5 se il
GRA O TR E AR I J2 AL 1138 1V R ) 7 05 L 5
Xt ECO iyt — Ak, IF 72 B s 58 VOT-2017
TEAT I AR B SR AR 3 B .

x3 BREEMEEXL

WgEdrk | EAO | &#ME | WwhiE
C-COT | 0.267 | 0.318 | 0.494
ECO 0.280 | 0.276 | 0.483
SCHRC38] | 0.378 | 0.182 | 0.532

% 3 R AR SCHER38 T4 1y 7 A X ECO
B )5 H H A BRI 0 25 WP RE AR 3 T8
3.3 MDnet,SAnet 5§ TCNN

MDnet(Multi-Domain Network) J& Nam 254
T T B AR R ] VGGonet B 4514
i H0Y 1 — ol 2 i 1) 22 B 0 Y TR R I 4% 32 I 4%
FH AR AIE 44 B0 A e = 22 R 22 40 SR 1 4 3 42 2
P 2 B, AR 28 5 R ] 1 i

Era- 2 i a2l

L2EHFC
2

2
LHEEES B
512 .
WA BRE BRE3 2EBE4 1 .]u
3@107x107 256@11x11 512@3x3 512 ’ﬂ;. L | ]D]
BBV 23R
96@51x 51 2

K 1 MDnet M %% 45y

7E MDnet BN R B, B0 4 44> BT 41)
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¥ A% ATRAFIVEHRRBEHRRGFRGER

i I Y25 2 57 09 2 )R 6 (fe6 J2) , L2 X%t
Jr A LA e ) 38 AR 3R A5 60 A [l 3z 8l A i
P B 50 P TR SRR I 5 72 F AR BREER B B o £ B O [
T EARFRAE S O 36 52 R MRS B AT H bR R Y
BT 91 F T B Ax R R T A R Y
S 28] O ) 245, 30 3o SR AR 1 4 5 — WTRE AR S R
2% I 2 ) 4 — Wit A B R 245 2R A i IE TUREAS O AE
AW fed~1c6 2, LIS B 2K 1Y 1 3 7 1 %, A A%

X3 H AR P FN T 500 R A R 58 DR IR BE 4 PR R Y
H br IR 2

i T MDnet | ] % B #A4E4 H bR B ERAE 8 H
b 575 5o 200 28 [R) AL 3, S BOH A R B 0 R
oy % BAR AL 89 T30, IF HO6E H A 28 55 74 6 4 1
B, A IZ N, Fan %9 16 MDnet (355l |
AT o #F, 3 B T SAnet ( Structure-Aware
Network) , K & 85 4Nl 2 prs

LRI R
VA=) W3
y / LS
L . O— R M“\_.@_. N
d f S T B R |
- B gmE |

RE%%?‘E

%l 2 SAnet M 44544

SAnet i 5] A RNN $2H B F5 91K 1) 25 #4 {5
B AT DUARAS A 51 rh AR TS W R AR g G
F 1K 15 2000 B AR 5 3 R AE 0 Bk R X 4 0
X5 CNN FHIERES . Bl G # b, CNN R AE 3 &
AR5 3 5 2Z [ A 4 3 . RNN FRE £ 5 His¥)
A5 AL 4 =22 18 B 30 3, DA 3 58 SAnet 78 H bR
o AR T RE

%4 MDnet Z4b, Nam %[:36] WM T HAZA
CNN 4 5 45 1 3 Bip 4 LA 56 B8 H A5 R 25 19 TCNN
(CNNs in A Tree Structure), TCNN 4%t Xt #F 57 #
U] FE A (] 8, DA DA 43 H AR R R AR A B H AR
YA AR AR DL GE — R0 4 2 5T , E X 3 43 i o
I 30 4 3550 R B2 O, S 850 T 1 R R T
e AV % T 8 08 A i ke

TCNN 45 # an i 3 FroR . & A Az 28 fok . %
of CNIN SR ] i sy 5 HE 55 4 1) 32 4 40 OHL , X
7 P > CNIN 22 [ 7 A G 1 s 5 5 Sk 48 7 2B
XF R CNN 52 1) H A 21 85 A AN 8 55

TCNN X84~ CNN #E47 0] 5 1 Ak DLl 2 AL
&HLOIFR AT A CNN ST AR, 7853 & 5 A~
CNN WAFEH . BeAh . B i ) 2 — A8 7 8, W s
I I — 1 B ) et i 220 e A 1 TH Y A O 3 8 ol
AT RE R A v T R R AT A SRR RO
kG 4B 3T T 22 18] (1 3 1A LI AR IE TCNN 75 4% 4>
PRER TR P AT SR, S 5 TCNN 1 BT A7
CNN By 5t AR, an &l 4 frow

7w O e
e 55| Lk AdE AEE

’ 3x3
A BRI ML BRZ2 MR BBURS

3@75%75 96@35%35 9%6@17x17  256@7x7  256@3x3 512@1x1 AEERS

512

Bl 4 TCNN H 4 CNN W45 25 44

TCNN F 47 CNN 2= E 2 (Conv J2) 1Y
JT AT S50, 3 G TU A ) 48 TE Ak 2 T R b
AT [R5 4 T AR s )

MDnet,SAnet F1 TCNN 78 VOT-2015 H iyl
PEEE R 4 i . /R4 MDnet, SAnet 1 TCNN
TEMERA B, & B PE A EAO J7 o 2 M B i, (H 2
MDnet F1 SAnet [ 38 B ALKy 1 {/s, TCNN 3 & 8
TG 3 RS P A 1.5 1/s, J40E LA & 52 i B g
T K X 5 H bR R R RN B HE R ) R
FAAT o Bl 25 A I 45 3 IR IR I 268 45 40 1 10 B 5 &
J'& N4 T AR A W 4% 1Y) B bR BRI © 4] DSBS
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J3E 5 JRE A P-4 25 O G AR BT DATE A9 IR JEE I 4%
A TR . B 2 N AR R AR B4 F 5 HA

#& 4 MDnet,SAnet 1 TCNN % &8 X £

B g5 =X - o - fHfRtE EAO
151 453 {3291 453

MDnet 1.2 0.6 1.62 0. 69 0.3783

SAnet 1.17 0.61 1.58 0.69 0.3895

TCNN 1.58 0.59 2.83 0.74 0.340 4

4 T AR MY H bR R ER

a5 e ) 4% (Siamese Network) i ¥4 & UL _E 8
H Y 7 0 28 8 ok, ) 24 235 g 3 i R ) o ol 7 28 24 1Y)
2% B R S I HL - 0 28 ] 422 WS A0 A0 ot o A\, S
IR 4 (] A A e = o AN [] 5 0 245 3R A 1 R R AE
FH T FRIBORH 6 e [0 SR DA I 0 e A 467 8 JF 5 B
HARERER . ARk , K 4t 0 5% 76 T 0 22 A ) 265 A1 8
F LA b AT ACHE L A ACAS [R] B RE A B A XL TR
AR G5 A B T 48 DL R R SO A 45 i
s AL T AR AR 28 ] T H bR BRI M RE
4.1 SINT 5 SiamFC

SINT (Siamese Instance Search for Tracking)
JE 1 Tao S5 $ 1 0 36 22 A 0 2% 45 44 I fi e
T EHARBREE 09 T . SINT 3 i A a2 4> i 18 H A
57 RO FE 38 4% 22 5 e/ i e ik B bR AR )
a2 A, BUAR SINT F B r RS o 8 25 Wb 4 fk
S BARVCC L AR L oA H A R B SE BRI T B B
N EP o S N =i L 7S T A SR 7 s S QN RV
A R B ™ R Y [ A

Bfi J5 Bertinetto 217 48 4 T #E BE O PR Y
SiamFC ( Fully-Convolutional Siamese Networks
for Object Tracking), SiamFC 7£ 25 4 ¥ 2% %5 4
AT & % BLM 4 (Fully Convolutional
Network) , H: [ & 25 W& 5 B,

Ja/

127x127x3

6x6x128

= 127x127%3
| O T‘ —[o}—

T

X9 20x22x128

255%x255%3

5  SiamFC /%% 45+

SiamFC A P 4% ¥ 45 73 32, Hp AR 70 32T
PRAF FRRBER AR 2 4 D0 0 ST 3R R AR A

. 762 ¢

3 3ok 2 B B 2% 43 S RO G Y 5L 15 2
H A 7 1 5 R i 1 I DA SE 3 H bR e 67 S 58 i B
FRERER . R4 SiamFC /E y 540 Y 56 T 25 28 I 25 1Y
H s SR B 1k i A 36 BB 8 0 2 S i ER R A OR L (H
JETERE BE RS B 5 UK TR B R AE RURE DG 08 I8
FRZE B W T BT A A — 8 25 HE
4.2 SiamRPN 5 SiamMask

R T g SiamFC 78X B AR KR A2 6 B 6%
PR 22 00 IR, Li S50 55 T H AR AR I AR Y
Faster R-CNN 5300 o ff FJ f X 30 2 180 ) 2%
(Region Proposal Network, RPN), ¥ RPN il A
SiamFC fIE4L, #2117 SiamRPN, SiamRPN H # 4>
DI REBL 20 B - Siamese B T REAE B HL, L4544
5 SiamFC H W 48 4544 A [a] , RPN B8 H] T 28 Bl
B, B A i 18 5 AR X3, RPN B9 PR 4% 52 i 47
ST 2K 5 WH, 732K 00 XS H AR 58 SRy A
B m1H 53 39 B H AR B 8 € 42 . SiamRPN Y
W 2% 25 a1 6 Fr s .
#

[
L

ConV —»— I~ birsd
4x4X(20x256) |
5
20%20%256 ]7X17X2k|
L —
ConV 1 k4
7

ConV \ e
AAXARRT6) S 17x17xdk]| Ny

20x20x256 X _’@J:*m
cony ——>(] 45 |

,,,,,,,,,,,,,,,,,,,,,,

&l 6 SiamRPN [ %% 45 #4

Uy —Fh 3T SiamFC 3 fin 2y GE A5 B i 17 ol ik 9
J5 Rt Wang & f4 0T [R] B S B E A 4
5 H AR IR EE R SiamMask, SiamMask A 4> % fll
=03 MR R, BARG an I 7 s, Hrh =03 3¢
it 2 TE B A mask 43 A score 43 3 0y 3L 4G
P Rl 34T box 4332,

SiamMask F|H mask 73 3 S8 H #5 {1k 7
IR B AR EVE 5 b i Ay MR AR T H AR IR
AT 55 . A box 43 3 4% 5] H x i kX 38, A
score 43 32 56 AR 3 DX 35k 14 5 L B 28 mT SE B 32 H
T 2 03] 2 5 5% ) 1 I b G 2 O3] S I R B

17x17%(63%63)

= 17x17x256

127x127x3

15x15%256
*

»

ey g 31x31x256
255x255%3

17x17x4k

(a) =52 4h5i
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iad

¥ T F: FREF ST 09 BAFRIZH AR B R 4 A

17x17x(63%63)
m mask
17x17x256
i 1x1x(63%63)
Row: 1x1x256 1»f p,| score

(b) o485t
& 7 SiamMask [ 4% %54

4.3 SA-Siam 5 TADT

B T ol FH 2 B ASE Bk 4 T R 0 8 A 1 6 H A R
JIE 25 1 AR A w2 AT T O A e L oA AT LG g
AR I 245 23 ) ok 3k B AR )

i He 251 42 1 SA-Siam i ] 8 & 25 75 11y
W 28 S, ELA T Sy SNy 2, \T L FE 4y FL
Il A FLAT T AN B R A3 AT 55 vh 2 2] B
SCHE IR AL S D IE AT 45 2 o 3] 4 35 LR 1E
H M a5 anE 8 i,

h(z,X)

RN b Sl

777777777 - N Ta— —j‘u

—

% i'ﬁ' WzX)
L SANe- — —— ———— > ’ __________ e
h(zX)

Bl 8 SA-Siam W 4 %5 14

SA-Siam I PJ 4% 73 3 57 I Sk LLAR IR B A4
Siamese 2% (1 5 B B 3003 BR BR By B A 58 B
GIF . WA X TR ARSI T S R ) R R
(Channel Attention Module) , i X H 47 52 5% i 57
R PR3 T AR A TR B AL EE L DA 3 5 1 S 43 ST X
H AR SN LS A1 B 1 9 58 07 L 312 8 0 208 B8 i 1

Li S BT H w5 AS 0] 0 A R A 6 B T
XHE B AT B AR 52851 42 1 T TADT K
AR, TADT ffi i H bR B Y (Target-Aware
ModeD 45 T3 #5 H 1 BB ir & 2 09 A SR k. H
PR AR TR iy [B] 09 45 2% (Regression Loss) #6743 CE
I 45 2k (Ridge Loss) #F43) FHE ¥ #1 2k (Ranking
Loss) #4r 4L, TADT (M 45 25k an 9 Jif s .
TADT i H A5 BRI TG 26 CNN b i
PEEA B b5z 3 R IR AR BUSRRAE 19 H AR B
FRUE W A HEAT H AR RN, 22 )5 3 2k AR LS DG e 3 55

AHABLRE A5 40 o LA 43 e KAE I A A 8 36 7 H ARV B
seil B bR BR B, b4k )5 W SA-Siam, TADT #
SiamFC 7E A [5) B85 4 w9 BE I 25 S An 36 5 FiR

T T
T ma) »%» > }’
' . [ L C
! Ef }'\iﬁ | = ‘
et w 8.0+
: WEE |
o '\ EWE ____ ys
General .
- an

B9 TADT W4 %5

RS BEXREEETRBEEMEEEX

E/IES Eigon SiamFC | SA-Siam | TADT
EAO 0.292 0.31 0.327

VOT-2015 W 0.54 0.59 0.59
b 1.42 1.26 1.09

EAO / 0.291 0.299

VOT-2016 W / 0.54 0.55
R / 1.08 1.17

4.4 SiamDW,SiamRPN++ 5 C-RPN

SiamDW J& i Zhang A0S 3 % 25 A 4% 1Y
BT BEAT AT 2] —FP LR, SiamDW A
hy 28 2 B0 TR L B IR I FR AR R 4F (AR A H bR R
B AR AL Ge i AlexNet™ ™, 3 BRI 7 55 8 1k
T e, CHER[46 128 & 01 T AlexNet, VGG-
net, Inception"® Il ResNet""" % 4 Fh [ £% 7 A [5] %]
2 i R IR RO G2 B RN D KO TR e
TN & N RS A S el 1 B O N o
S, BT 2B BN 2R N 4% SE ST 4R AR 4 T BUR
PEREIR L. 2T DL B 2518, SlamDW fifi ] 2 T 5k 22
BB B 3k i) CIR #8 JT (Cropping-Inside Residual
Units) 8 il 55 i 88 78 B4 5 12 09 0 22 %1 B Fr BRLES 19
UTH 520

SiamRPN++ & i Li %5 £ SiamRPN #y %
it - ek i 2 A5 B A 4 ] 2 2 R Rl IR 2
A AL, Siam RPN + -+ 5% FH 25 [a] J8% 11 2R B
W% (Spatial Aware Sampling Strategy) , fifi ¥ 5] %
FEFE EMG O B I A% J5 iR 4T, I T2 25 TE
FEAIE 2% > 3 8 b X G o 467 B 43 L 5 KA ER 9 o7
E AW UL, AT H] ResNet 7E Ry T M &A1& T 45 17F.
SiamRPN+ i M 2% 45 F 4 1 10 iz

H T ResNet B[R] JZ 20T DL R4S A 7] 145 5
fIE B Siam RPN+ 4R FH T 2 %08k (1) J7 X 58 1L
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AR 2 ZE R AL A BT B s B RE AT R
SiamRPN-++ 5 SiamRPN 7£ VOT-2018 1 (1) 14 g
MPELE R 6 FrR ., £ 6 B, % SiamRPN

Hin

127x127x3

255%255%3

HRXI

BB T 25 3E AT S A5 3 A9 SiamRPN -+, B 4%
Wbk ae 915 246 k. Bk A, SiamRPN + + §E L)
35 1/s B3 AR K5 B BF 09 SR

|
|
— | [ ]
v | 3 1
| asxasxak | | Box;-[ead | | Clsl;ud |
RPN
: [ Dw-Corl | [ Dw-Com2 |
|
.
A CLS | Srmeezzl
| ;
sk | LB@ | [ F® |
|

B 10 SiamRPN-+ -+ [ 4% % 1)

% 6 SiamRPN #1 SiamRPN+ + {4 8 Xt bk

R X EAO | &8t | fEsfE
SiamRPN 0.383 | 0.276 | 0.586
SiamRPN-++ | 0.414 | 0.234 | 0.600

P —Fp LA Y 75 2% SiamRPN gk 47 ok i#E 43
B 22 2 HRAE Bl 4 110 0 46 B R 2ty Fan 2500 48
B9 C-RPN, H & 25 E 11 frw,

- ﬁ—

o) 2.0 7

g’_} ;:L‘”/ﬂ#ﬁﬁﬂﬁ%&{ﬁmﬁm 29 o

\

1 2,() 9, 2. .
- Mﬁﬁ%mﬁml—{mﬁ%ﬁm

| RN

—

Bl 11 C-RPN M % 45Hy

C-RPN 7E 347 A [A] J2 6] () FRAE il A B A AT
SiamRPN 4+ 2R F 9 26 4 AR Fi 77 =X 1 2 52 H
JE A B4 AE G i AR Bt (Feature Transfer Block) A%k
AR FRAE RIS, A BT H A BB 2 .
C-RPN 5 SiamRPN 7£ VOT-2016 1 i # BE I 3T 4%
X 7 pis,

£ 7 SiamRPN #1 C-RPN ¥ & %t Eb

Mgl EAO EREIE | MEEE
SiamRPN | 0. 344 1.12 0. 560
C-RPN | 0.363 0.95 0.594

4.5 ATOM

BRT7ASCA I~4. 4 /N h RN A A B A
SERXE R AR AR I 2% S8 B H AR BRI Y 7 40, 18
A B I ik AR T AR AR % (IR AT HESE (R 2
SEFY IR AR XF K, W Danelljan 5% $8 Wi
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M 2%, ToU-Predictor MRS/ ANE 13 Fis,
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[l 13 IoU-Predictor ¥ 4% 454

IoU-Predictor M 4% £ Z 40 % Reference 43 32 fll
Test 7332 . P43 32 W9 4544 22 5% R ZARILAE PrPool
JZRST LK PrPool JZ Hif CE /) Conv JZEUE

ATOM 1 VOT-2018 H iyl £ 45 Rk 8 ir
o ATOM 1) W 25 25 ¥4 BRI AS ™ 46 X AR  AEL R
FEATHEZRAT SR ARAIE T R 4 1) SR B PR 1 L O HLBE 4% LA
M 30 1/ A T8 35 2 S0 I R Y R, A AR S B
5 P

R 8 ATOM HEEMIELE R

PRy o EAO Rz WHE B BE
ATOM 0.401 0. 204 0.590

5 H AR R0 B

5.1 OTB

OTB & % i T 2013 449 OTB-50 L) K 3 8
F 2015 49 OTB-100 %, H e OTB-100 U
OTB-50 H iy T A A4 7 31 . OTB ¥ 46 v i W
U 810 43 S K FE AR AR P 81 FR G A e 81 A 4E T
BT HARIEAS L H AR R H AR RO A D IRAE 1L
1 B2 B A8 SR A ST R 2R T ST
BG 3 HERAK DL BT T P L A1 e % 55 H e 1 025° 401 3
UL REAS . e Ah , OTB H AN REAS 5 51 % 7
— AT E A T AR B9 B EE H AR G2 i i B
H A5 % 52 R 5 HE /NI SCA SO
5.2 VOT

VOT 428 HAr BB S B4R 1 VOT 38 381
TE A5 B B L BOH A Th R AR g AR A B T T, HOME
BAER R . VOT B8 4 v ¥ 8 o 8y 51 H AL
BT 5 ) A3 B R R A R . VOT ¥ B i) 1 B I 7
TR BR T EAO, W8 B2 A& % M, i 8+ EFO
(Equivalent Filter Operations), EFO & 7EH B A
[Fi) B 5 RUAS () 4 R 1 5 45 A TR 3R 06 S () R B
i A A 5 R 2 T DA — s o % 00 2 S [
1 H b B B A

5.3 TrackingNet

TrackingNet"™" & H bR FR B 45 5k 19 55 — 4> KM
BOER A, A 3 T1 2 IEG T 41 L KO i
1400 JTAbRiEEAE , 228 1 DAAE 18] B 22 Wids i — 4~ B
PREGBETE, SEEL T B B T S TR P H AR B
— bR AR D T TR T A T 1Y B R AU R
B = e T OB B 1Y )
5.4 GOT-10k

GOT-10k"* J2& ¢ i [ B 4% Be & i i 4t 37 72
WordNet Z5#8 12 T H bs B 800 4 . [ i
& H AR B AU 5 — i WordNet 935 L2 IR
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560 ZF B AR 87 iz =X, Ml AL 45 80
Z A B bR 32 Mz sh B, Se il 1 B A Wiz
B HAR X R BT 2 8 w5 JF Bk A AN it 4 1+
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6 JRELEZS
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[F) 0, 45 G AR AT T 3 0 B s BRI U ) ROk
JEET5 ] JEERANE

D4 L AR 2 B 8 . DA 45 26 B9 1
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i i 4
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4 B0 THT B2

EPRNCIEIET 2y vl N = S NE R 7Y 1 I E R 7
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A [e] A Ak P ] AT %) RELAEL SR O B 1) 286 51 o LI
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Abstract: The latest developments of representative key technologies of low noise CMOS
image sensors are summarized. The active pixel structure and the readout circuit architecture of
image sensor are introduced from such aspects as the architectures and module design of CMOS
image sensors. The readout circuit with in-pixel source follower and its noise equivalent model
are analyzed. The key technologies of low noise CMOS image sensor are introduced in detail,
including reference-shared in-pixel differential amplifier technique, correlated multiple sampling
technique and in-pixel chopping technique, and the circuit implementations of these techniques
are introduced as well.
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Study on High Frame and High Sensitivity for Linear PIN-CMOS Image Sensors
CHEN Shijun, WANG Xin, DING Yi, SHI Yongming, XIE Ning
(Key Lab. of Infrared Imaging Materials and Detectors, Shanghai Institute of Technical
Physics of The Chinese Academy of Sciences, Shanghai 200083, CHN)

Abstract: The CMOS image sensor integrated with high frame rate and high sensitivity pin
photodiode array was designed. Compared with p-n photodiode, p-i-n photodiode presents the
advantages of small junction capacitance and high quantum efficiency. In order to promote the
signal-to-noise ratio, the sensor implements a new correlated double sampling (CDS) circuit for
eliminating KTC noise while working in the integration during reading mode. In this paper,
linear CMOS Image sensor based on CTIA pixel circuit was implemented in 0. 35 pm PIN-CMOS
process, and the photoelectric response of the device was tested and evaluated. The results show
that sensitivity is 3 000 V/(Ix ¢ s), and quantum efficiency is 96% at 700 nm wavelength. At a
frame rate of 40 kHz, the signal-to-noise is 7 with the illumination down to 0. 05 Ix, which is
suitable for high-speed detection under weak light signal.

Key words: CMOS image sensors; CTIA pixel circuit; PIN photodiode; correlated double

sampling
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A Design of 128 X2 Linear Mode APD Detector for 3D Imaging
DENG Guangping, MA Huaping, LU Tingting, HUANG Jian, WANG Ying
(Chonggqing Optoelectronics Research Institute, Chongqing 400060, CHN)

Abstract: A kind of 128 X2 linear mode APD focal plane detector used for 3D imaging is
designed, including Si-based APD focal plane array (FPA) and read-out circuit. The APD FPA
with the structure of punch through n” -p-m-p" works at the linear multiply mode, and the pixel
pitch is 150 pm. The readout integrated circuit (ROIC) integrates the pre-amplifier, TDC, ADC
and other function circuits on a single chip. The linear mode APD detector can simultaneously
detect the laser pulse of 128 X2 imaging array, then output the flight time and the amplitude of
the laser pulse by using the LVDS driver. The test results show that the linear 3D imaging

detector can obtain necessary information properly, verifying its effectiveness in imaging.
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Research on Signal to Noise Ratio of Resonant Fiber Optic Gyro
HAN Songyan, HU Zongfu

(Department of Information and Communication Engineering. School of

Electronics and Information Engineering, Tongji University, Shanghai 201804, CHN)

Abstract ;

fiber ring resonator (FRR), and it shows reflective or transmissive structure under different

The core sensitive component of resonator fiber optic gyroscope (RFOG) is the

restraint modes. In this paper, the analysis models for the two structures are established, and
the expression of FRR output characteristics under the best working conditions is derived. For
the backscattered noise, which is the main noise affecting RFOG, the output characteristics of
signal and backscattered noise of the RFOG being composed of two different structures of FRR
under phase modulation are derived by establishing two phase modulation RFOG structures.
Analyzed is the expression of the signal-to-noise ratio(SNR) between the signal at the maximum
slope of the resonance curve and the backscattered noise under the two structures, and it turns
out that both SNR expressions for the two structures are the same, and it is negatively related to
the cavity length of FRR.

Key words:

resonant fiber optic gyroscope; fiber ring resonator; reflective; transmissive;

backscattered noise; signal to noise ratio
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FORYBRXZ, FAALS.H OV, REL, ®OR, KM

(1. ERMEAE XBEIEREZER EFIBEAINE, FX 400065; 2. EXRTEHEXBIFHEER, EKX 400060)

W OE. R T —A4MA Ag/Glass/ITO/TAPC/mCP/mCP : Firpic/ TPBi/LiF/Al/Ag/
Alq, 8 TRA AN A K BEH BEE ITO HBATRT @A K — B Ag RATBE AL B4R H
BERERSAER SRR BN, FAARERETY Alg, KBS EAZRRAT 2BILLSTR
MES R ERT B RER Y, FRERKN, S AMEEBR AN 30 0m LKA T RXER
HEFFZREBEHA 8. 91 cd/A #5758 cd/m” #93E X TRAH A M A KB4 (TEOLED);
Bot, £ 10V 2 ETF, L& 24 4(0.157,0.320), % 2 FEM 1 cd/m* E4EF] 5000 cd/m” B, £ &
A AFALIZ A (0.002,0.010), R ILE R HF W & f8 T 1L,

KER: TURS AP BUROGCEE: H6: WS G2 afert

FESES: TN383.1 XEHS: 1001—5868(2020006—0794—04

Blue Top-emission Organic Light-emitting Device Based on Alq; Light-coupling Layer
WANG Zhen', CHEN Jiawen', LU Yongsheng', XIAO Fei’,
LIANG Zhenshan', PENG Yue', ZHANG Nan'

(1. Key Laboratory of Microelectronic Engineering, School of Optoelectronics Engineering, Chongqing University of Posts and

Telecommunications, Chongging 400065, CHN; 2. Chongqing Nan’an Teacher’s Training Academy, Chongqing 400060, CHN)

Abstract: In this article, a top-emitting organic light-emitting device with the structure of
Ag/Glass/ITO/TAPC/mCP/mCP: Firpic/ TPBi/LiF/Al/Ag/Alq, was developed. By growing a
layer of Ag reflector on the back of the ITO glass substrate, the blue light emitted by the device
was reflected by the reflective film to the top electrode to emit. The Alqg; light coupling layer on
the top electrode effectively improves the transmittance rate of the metal cathode and reduces the
microcavity effect of the device. The experimental results show that when the thickness of the
optical coupling layer is 30 nm, blue TEOLEDs with a maximum current efficiency of 8. 91 cd/A
and a maximum brightness of 5 758 cd/m’® were obtained. Meanwhile, under a voltage of 10 V,
the CIE coordinates are (0. 157,0. 320), which only drift (0. 002,0. 010) when the brightness
changes in the range of 1~5 000 c¢d/m”, showing good color stability.

Key words: top-emitting organic light-emitting device; blue light; microcavity effect; light-

coupling layer; color stability
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Research on Mach-Zehnder Interferometer Based on Biconical Photonic Crystal Fiber
WANG Tingting, YANG Lingxu, LI Shuai, WANG Fei

(School of Electronic and Information Engineering, Nanjing University of Information Science and Technology . Nanjing 210044, CHN)

Abstract :

and its refractive index (RI) sensing characteristics are studied. The sensor

A biconical Mach-Zehnder interferometer based on photonic crystal fiber is
designed,
performance was simulated by FDTD Solutions, and the results show that the transmission
spectrum is red-shifted with the increasing RI and the sensitivity is 95. 906 nm/RIU. An
experimental platform was built to test the sensor under different concentrations of glycerin
solution, and the response relationship between its transmission spectrum and external refractive
index was studied. The experimental results show that with RI changing from 1.3222 to
1. 353 8, the sensitivity is 121. 95 nm/RIU@]1 550 nm. The RI sensor with the characteristics of
high RI sensitivity, easy fabrication and low-cost is suitable for applications in the biochemical
and physical sensing fields.

Key words: photonic crystal fiber; Mach-Zehnder interferometer; fiber optic sensor;

biconical; refractive index
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Study on Perovskite Solar Cells with P3HT Hole Transport Layer
WAN Xuejian'?, LIANG Chunjun'”’
(1. School of Science; 2. Institute of Optoelectronics, Beijing Jiaotong University, Beijing 100044, CHN)

Abstract: Carbon electrode has the advantages of low-cost, convenient printing and the
ability to isolate water and oxygen. Therefore, it is appealing to use carbon as the electrode
material to achieve low-cost and highly stable perovskite solar cells (PSCs). However,
conventional carbon-based perovskite solar cells (C-PSCs) without hole transport layers is still
facing the problems of low hole extraction rate, electron reverse transfer, and undesired
recombination at the perovskite/carbon interface. In this paper, poly (3-hexylthiophene)
(P3HT) is applied as the hole transport layer of the device, thus the photovoltaic performance of
solar cells with an architecture of ITO/SnO,/MAPbI,/P3HT/Carbon is significantly improved,
achieving a power conversion efficiency (PCE) of 13.37%, which is 2. 21% higher than that of
the device without P3HT. Moreover, in nitrogen environment, the PCE of the device remains
87% of its initial value with continuous illumination for 1 000 h. In contrast. the PCE of the

device without P3HT remains only 60% after illumination for 500 h.
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Plasmon Induced Transparency and Slow Light Effect in MIM Waveguide
ZHANG Liwei'*, HUANG Xing', MENG Weiwei’, QIAO Wentao®

(1. School of Mathematics and Physics, Anqing Normal University, Anqing 246133, CHN; 2. School of Physics and Electronic

Information Engineering, Henan Polytechnic University, Jiaozuo 454003, CHN; 3. State Key Laboratory of Electronic Thin Film

and Integrated Devices, University of Electronic Science and Technology of China, Chengdu 610054, CHN)

Abstract: Based on the waveguide structure of metal-dielectriccmetal (MIM), a kind of
plasma waveguide filter with double-ring and four-ring resonators on both sides was proposed,
and its transmission characteristics were calculated by electromagnetic simulations. The physical
mechanism of the peak and valley generation in transmission spectrum was analyzed by
electromagnetic field distributions. The results show that the structure can realize the plasmon
induced transparency (PIT). By adjusting the effective radius of the resonator, the position,
bandwidth and slow light effect of the PIT transparent window can be adjusted. The results show
that the signal delay of 0. 148 and 0. 358 ps can be realized in the PIT window of double ring and
four ring resonant structures, respectively. This property will have potential applications in the
design of tunable filter devices, optical memory devices and integrated photon devices.
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Identification Method of Refurbished Electronic Components Based on Optical Interferometry

WEN Jingchao, WU Ligiang, ZHAO Yanfei, YU Wang
(China Academy of Launch Vehicle Technology. Beijing 100076, CHN)

Abstract :

Refurbished electronic components present serious potential quality problems,

which will pose serious threats to the quality and safety of space equipments. In order to ensure

the quality and reliability of installed electronic components, a nondestructive measurement

method is proposed for identifying refurbished components based on their characteristics. Firstly,

the measurement methods and principles are described: the roughness of both the top and the

bottom surfaces of the device is measured quantitatively by optical interferometry, and then the

difference between the two roughness values will be used to judge whether the surface of the

device was refurbished or not.

Lastly, the surface roughness of the normal and refurbished

components is compared and analyzed, and the uncertainty evaluation is carried out. It is shown

that this method can be used to identify refurbished components efficiently and accurately. It

provides a new measurement method for improving the quality of aerospace electronic

components,
Key words:

interferometry; nondestructive measurement
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Influence of Screen Printing and Sintering Process on Grid Morphologies and
Electrical Properties of Single-Crystalline Silicon Solar Cells

LI Yanqi, SHEN Honglie, YANG Wangyang, XU Binbin, XU Yajun

(Jiangsu Key Laboratory of Materials and Technology for Energy Conversion, College of
Materials Science & Technology, Nanjing University of Aeronautics & Astronautics, Nanjing 210016, CHN)

Abstract; Front metallization is one of the most important steps during the process of
fabricating single-crystalline silicon (sc-Si) solar cells. The quality is proven to be closely relative
to electrical properties of solar cells. According to the investigation of the influence of grid
treatment techniques on the width of grids, it is found the gird will collapse to both sides in the
sintering process, which might increase the shading coefficient of electrodes. With the help of
characterization, the mechanism of this phenomenon was analyzed. What’s more, the effects of
the slurry types, halftone opening widths, halftone patterns and the peak temperature of
sintering on electrical properties were investigated. The organic content of slurry is found to
affect the stability of grids in the sintering process, and the suitable opening width or design of
halftone patterns can efficiently reduce the shading areas and keep the grid height consistently.
On this basis, sc-Si PERC solar cells with a high average conversion efficiency of 22. 54 % were
fabricated. It could be expected that through optimization of slurry and halftone pattern,
improved electrical properties and higher efficiencies of sc-Si PERC solar cells will be realized.

Key words: silicon solar cell; screen printing; sintering; shading coefficient; efficiency
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Research on Strain Transmission and Sensing Performance of FBG Shape Sensor
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Abstract: In order to improve the shape reconstruction accuracy of fiber Bragg grate (FBG)
shape sensor and reduce the reconstruction position error of the grating points, a FBG sensing
element structure was designed in this paper. By establishing the strain transfer mechanics model
of the sensing element, the expression of the average strain transfer rate was derived. And by
combining with the finite element simulation model of the sensing element, the influence of the
relevant structural parameters on the strain transfer rate of the sensing element was analyzed.
The finite element simulation and theoretical calculation results were compared to verify the
validity of the theoretical model. Furthermore, the effect of strain transfer rate on the shape
reconstruction accuracy of the sensing system was analyzed, and it was concluded that when the
strain transfer rate of the grating points remains above 90% , the reconstruction position error of
the grating points will remain within 0. 08 mm. The study shows that by reasonably controlling
the influencing parameters, the strain transmission efficiency of the sensing element can be
effectively improved, and the position error of the shape reconstruction of the sensing system can
be reduced, thus the positioning accuracy of the shape reconstruction of the optical fiber shape
sensor will be improved.
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Influence of The Particle Size of Optical Fiber Grinding Paper on The Sensitivity of
Edge-lapping Plastic Optical Fiber Sensor
FENG Limin"?*, WU Taojiang”?, ZHAO Jie’, WU Dechao®
(1. School of Mathematics and Computer, Wuhan Textile University, Wuhan 430200, CHN; 2. Chongqing Key Laboratory of
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of Institution of Higher Education. Chongqing University of Technology, Chongqing 400054, CHN; 3. Tielian Operation and
Maintenance of Chongqing Municipal Engineering Research Center of Institution of Higher Education, Chongqing 402260, CHN)

Abstract: In order to improve the sensitivity of the edge-lapping (D-shaped) plastic optical
fiber (POF) evanescent wave sensor, the optical fiber grinding paper with different particle
diameters was used to grind the uncoated POFs to prepare D-shaped POF evanescent wave
sensors with different diameters and different surface roughness. The surface morphology of the
D-shaped region was checked, and the effects of the diameter and surface roughness of the D-
shaped region on the light transmission and sensitivity of the sensors were investigated
experimentally, Experimental results indicate that the diameter and surface roughness of the D-
shaped sensitive region have a significant effect on the light transmission and sensitivity of the sensor.
The sensitivity increases first and then decreases as the diameter of the D-shaped region decreases, and
when the diameter is 1200 um, the sensor’s response sensitivity to glucose solution reaches a maximum

of —0.003 2 (mg/L)""; when the D-shaped region is

5 HEF:2020—07—28. polished with the fiber optic paper with the particle size
EeT R HEARPFEGIE (51876018) s WK
ZI H (KJQN201905604) ; T Jk i Bl Jm $ AR G357 5 1

of 9 pm, the sensor’s sensitivity will be further

FH % J& T S0 H (este2019jsex-mbdxX0002). improved to — 0. 004 5 (mg/L) ', which is 11. 25
“BEMEE . R4 E-mail: wudecao@163. com times of that of POF sensor without grinding.
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Research on Resistance Parallel Effect of ITO Films
WANG Songlin', YANG Chongmin', ZHANG Jianfu', LI Yuan®, MI Gaoyuan', LIU Qinglong'
(1. Xi’an Institute of Applied Optics, Xi’an 710065, CHN;
2. AVIC Xi’an Aircraft Industry (Group) Company Ltd. , Xi’an 710089, CHN)

Abstract; Multilayer films with the structures of ITO/SiO,/ITO, ITO/Ti,O,;/ITO and
ITO/MgF,/ITO were coated on the K9 glass substrate by electron beam evaporation coating
method. The square resistance on the surface of the films was measured by four-probe square
resister and the surface microstructure of the samples was observed by atomic force microscope
(AFM). The results show that when the roughness of ITO film is large and the physical
thickness of the medium film is less than 100 nm, each layer of ITO films is connected through
some bump structures like mountains, resulting in that the measured square resistance of the
surface of the sample film is almost the same as the square resistance in parallel of each layer of
ITO films. This indicates that when ITO film roughness is large and medium film thickness is
small, it will cause the resistance of each ITO film to be in parallel. The 450~1 200 nm ultra-
wide spectrum transparent conductive film was designed and prepared by using the square
resistance parallel effect of multilayer ITO films. The surface square resistance of the test sample
was measured with a four-probe square resistor and the spectrum transmittance of the sample was
measured with a spectrophotometer. The results show that the multilayer transparent conductive
film prepared by the square parallel resistance effect of ITO films has a higher spectral

transmittance than the single layer ITO film under

Wr#s A H#1:2020— 04— 25.
*ESEE T E-mail; wangsr5527@163. com

the same surface square resistance.

* 850 -



CRSHOLHE 2020 4F 12 H 55 41 455 6 )

Ik F. ITO #Eeh & fL 5 B 20 8 AF 2

Key words:

spectrum

0 Bl

AALH B (Indium Tin Oxide, ITO) & —# n
TR SRR R, & In, O, A SnO, 21 181 &2 &+
B BA RIS, TTO MOBHE S8 K R iy i
JROPR 25 5F %t AT UL O BT 20 40 % B R 0 i
R T ITO W EA KA M6 Fi 2: v fg
B R B ERL L YR R LR R R IR L R K R
B IR R SOl O aR A R e A AR T

ITO i W 5 H AR 1 ) 25 0 0 28, 5 DL
AT HRER BRSBTS B B vl
FRAES R R BB i 4 19 TTO W15 45 4 45
Mo AR Ostwald BLIN , HE BEE A i b AH T 7 22
{14 s [0 i 5 G 1% 9L R g s 0 L DR Sk G B S
A 118 0L b R, R RS T 1 T UL - gl A B AE
] P B 3] 45 38 A TSR R S ) N TR
R TE) o K T ok B AR ) ot A R 2 5 O o o A 2%
T 5 5025 Fof Sl o 348 i e 80 £ 491 e T R
I, A TR R 1Y TTO #ER, 3 R B 7ol
e Bt | B 42 VG S s - i B DR A Ty e A T

K HL T o 28 & 5 B0 TTO 3 I B SR 78 624
A 22 M RE T AR L At T X & ) W 2 (R 7E
SEH v kB, ML TR ZE KRl 5 B 1TO/SIi0, /ITO,
ITO/Ti,0,/ITO,ITO/MgF,/ITO % £ 2 7 & 25
g i TTO RO B2 30K . 78 Si0O, , Ti, O, A
MgF, %4 [ ] B J2 ) B 458 /N L 25 )22 TTO #EfE 2
() ] L3683k 2 T A L AR o A 2 A A . X — B
ZHEMUTH ZA B IFBE7E — &, i 454 i 1w 1Y)
T3 Hera BT DLk BTG . AR S i 52 900k i R X
— I H A X A 1TO B BH I B8 2% i i 4 T
450~1 200 nm AYHE T2 G HE 7 IH S IR )2 .

1 SERIrik

VIJEFE R 3 mm, HAN 50 mm 193U il 5E K9
PR AE RS R R AL s AU L s F AR AT R A
AR ZZSX-1100 B B 78 B R AL, Be & 36 5 1 A8
10 kV i e B FH# . A INFICON A A A IC/5 A
e n AR TTO B 25 & 38, 1 il RS B o
0. 01 nm, ¥ BEORE B} £hy 50 #1064l 1 FH A4 BT BR 5 4%
NEIE IR

electron beam evaporation; ITO thin films; square resistance; super-wide

e KO BB A F BT — 2R EN
ITO # B, R J5 76 % )2 1TO 3 I £ m il R — 2
Si0, s MgF, 5 Ti, O, %47 5T B, 76 4 57 v B 3R 1
PR —)Z ITO W, s 1 proR. JEJZ ITO #
B e B A Ry L A2 TTO A 7 B e B oA
Ry o QS v ] ) A ot B 58 2 W 2 1TO B S/
ARSI I, W TTO/ v v B/ TTO A b 3R 18 A J7 B
ML R =R,. #RMM,YM)Z ITO M %8, 400
FEBEHL B 1T 5 2 ITO/ A B B /1TO FE & 3%
m@ﬁﬁ&%mmw:%;fa

SCES L, O T ORE R 2 TTO W A LYY A S
L, FEUUBUKR 2 W TTO W B, SR F B 58 o0
5 mm (I e B, B8 RS s R i 2 () iR
1M AE U0 A ) A B B, R R B B R
0.5 mm {95 IE e H, 3B ] DL TIE A B B AE 95
SERE W IR)E ITO W, il 2(b) s, ZJE7TE
A AR IR ITO Wi s A SR g0 r n i 2(o)
fis .

ITO B

FHE

(a) PEBJE

i

FHE

(o) BB
[ 2 SCE ke R A

+ 851 -



SEMICONDUCTOR OPTOELECTRONICS Vol. 41 No. 6

Dec. 2020

FE ) 25 VIR R 2L e X R AT TS AL B
SR G K R 2 e A LA e Horp il B s IR A B
S P L A 0 R AR L A TTO R 25
KR FEAE 1. 3nm/s A2 47, 468 il 80 <R <
RS IR IR S B R E RS A
PHERS IR S 350 CIHFfEIR 3 h, R EEE A
1.2X10 ° Pa, R AHSME L Z G » B2 % ok 4t
FEFE 2. 0X10 * Pa Zify ., $EEJS . H RTS-1345 #Y
DUHRET IR 2R Ge i 1T O R 9 5 B e B

2 LER 518

2.1 ELWHER

g T IR P E TTO MR AE AR [ T 25 4 1
T B S0 B W HRE BE 1 R 200 nm A2, HoOJ7 B
HBHBIN (624+2) Q/. R T s sR Pk, s v
BT A [] £ A Jo i RS L R R R, e S T 9 A
i B 10 52 S S R 2R T A 7 B BEL L S5 R n
1,

F1 FTEXHRHEROMRLER

FE 1 2 3 4 5 6 7 8 9
A J5 T JE b R Si0, | Si0, | SiO, |Ti,0,|Ti, 0, |Ti, O, | MgF, | MgF, | MgF,
S R /nm | 68 98 | 206 | 58 | 100 | 210 | 61 96 | 203
FrH B/ (Q/)) | 31.5(30.8 | 63.2 | 31.4|31.1|62.9(30.8|31.4]62.2

M 1 Al LLE T Si0,, Ti, 0, , MgF, =
Fofr A J0 Ve BB RARE L 2 JRE BE /N T 8 5F T 100 nm B, B
ol 2 1T A4 D B e LI K (i B AR T )2 TTO 3 e
A7 SR B, H 5 92 1TO B A9 I 15 e BH {8 AH
M T YA T R B AR B 203 nm DAL B R
FETE A 7 B BHAE T2 TTO A Jr He s B, 31X
AR R B ER LRI R T, X R WX AP ITO
F1%) FELBEL - 306 B 52 5 A1 o T B ) B )23 ) S B %85 U A

HEHE SCHR[18-191,1TO Wi AE AR T2 444 F
DUBLL ARAS (0 B 2 ] RE 25 8 BIAS [) %) 3% T KL R 2
SR R R R KA TTO W, 1R 7] B
FFFN A TTO 152 T RURE B 48K, A 1V 2 i 1 36
Ay T AE PTAR A A SI0, L Ti, O, » MgF, 254 i
FRCER 6 6 JEE B 5 /N IS L R, R AR SE 42 1TO
e B 2 T A 1 S 6 7 i o A5 S A o A 1 AL AR
# ok L IR a2 R A5 4 5 AR Z TTO 8 I AH
T4, XA LG AT A F B 22 ]S A R A R
SRAHIEEE . O T I E K b DU AR ) 2R T BOW
TE AR HEAT I 5 50 BT .
2.2 HHERIE

KTEFXF L HETLT 4 NElREER1 5
FE R BT K9 B bR L o 28 B8 T 5 VA DR
TIEEZ 200 nm [ BAJE 1TO W 2 5K 27
K9 3 | bR 7 o 78 BB R 5 vk R T R 4
200 nm [ ITO W REFI 100nm B SiO, HE ;3 S4E
FO2RAE K9 B EoR M F R LB LR T
JEREZ) 200 nm Y ITO M 200 nm 9 SiO,
s 4 S RE SR AE KO BE R bR P WG 478 WK S) 58 JE 1y 1k

+ 852

DU TR FEZ) 200 nm (19 1TO WM, FHE 75 8%
5% CAF D X 45 FF i 1) 22 187 147003, 5 SR 1 F

M REERE R 9 TOUR T 35 P LA ML SR L 3R
25 0% B TR v R 45 B TT O S 26 1 LA B AR K, 4
Pl 3 (1 %), B A 3R 1A 43 A B Ko 9 L DAtk o ke
SEA e R E AT A 103 nm, T AE 1TO # I &
B2 100 nm B9 SiO, #2258 A 2% 1 00 LR
JE AT AR L AT 32 ) L H 3 T AT AT B 43 1 ik
RS . Y SIO, R EE A F] 200 nm B,
B % T R R B B AR B i 33 #) . K
3CA £ ) J2 R FHBG 4% U S 9 J 1 11 5 11 200 nm &
MIELE TTO MR R, R A&k T4t rik
HLBHZY 57.5 Q/[. 33X 2 i R FH 8 45 0 5 B JE
UL ITO WM R T 76 358 B 2% 10 A 8= i 1)
TEA 2 il A 0% T R o B /0 R TR N B0 L SR
I B A

X FE I, SR FH H R 2R B I vk A Y TTO
LA B R RLRE B, 76 TTO 95 26 B OB
FR A T RSN R TTO 9 A58 3% T A9 1 Motk o™ ke &%
P 58 4 78 T L 30 2 L AR T R 2 A T o B EE AE A
Fi 2 A . CHAEAY B B AT ITO W,
JEJZ TTO 58 23 3 2o 3 28 4L 7 78 41 19 1 i 5 41
J2 TTO W RAH % 3 , 5 0P R 28 180 19 5 He e BEL DU &
(R I 45 T 45 J2 TTO MRS g BHAY I B A

h T AN FE AT U LA b 456 B R B 0 S
J5 ¥k 4 T FE A 200 nm ITO/80 nm SiO, /200 nm
ITO, WA R iy Yl BH 2k 58 /1, 5w
TS IORR A B2 TTO MR BHAE IR # 42E, X R
B TTO S e B B4 3 56 B 5 3 A 7 T F2 00 S i



CESARORHL 2020 48 12 45 41 #4565 6 4

EmA F. ITO # el & F 5328 BT R

LRI

g

; 5

: o

5 &

2 3

& E
2#

g g

2 ]

) ~

4o

= -

P £

P o
4#

B 3 RN [R AR 5 ) AFM ]

3 Nz

TEREH] 450~1 200 nm [ #8 58 6355 35 W1 5 i
R, A H T B2 TTO S, I H £ )2 1TO 5405k
VIR RR 25 5 T DA SE BB A 1 O O B e L T 2 )2
ITO 8 15 2 1] 1) H BE 3 196 450 7 mT DA fif 38 3R 48 3%
T 52 B IR 4 5 B rL L

HZJZ SiO, M ITO S N, iR £ 262
WL T VP R L F K9 BE B 3 R b it 450 ~
1200 nm 8 5 6% 75 B 3l I I R 50 . S/
36H/41. 3L/36. 2H/31L/28. 6H/77. 6L/43H/
36.2L/A, Hrp, S K9 SR H AL 1TO #i
MR L AR SIO, AR 507 3R7R T R B, B
fiA nm. A A S B (350 L B BHOEE anE 4
(), IRATHITO BEREFEZ 144 nm, 58 F
144 nm B ERZ TTO B 1w A9 O He s BT 1,
&N 83.2 Q/L, J5# M 81.9 Q/[]., (H_ &Mt
T BRI A B B 25 5L B2 TTO Ik
BRI 4D i . PASRE R 75 1 X 8% i A 1R

100

80}

[y

T/%

401

201

0

500 700 900 1100
A/nm

(a)  ZJRMBLE N FINZL

100
w /\_/\
60
°\\° L
S 40
20
0 ‘ ) ) . . .
500 700 900 1100
A/nm
(b) AR TTO M55 5 R ih &
100
[N
80 %
60
8 - - ZZEN TR
= 40 — HZ ITO MR
20
0
500 700 900 1100
A/nm

(o) PPl 35 g 58 25 S 3 0 L
P 4 Tl 2 H IS 1] S Pl TR OS A5 5 2 X L

) 450~1 200 nm Y& k3 7 B, AR A ol 58 B
J Lambda-900 %8 4h-1] WL-3r £ 1 43 56 6 BE 31 i
JEIE &S 4o,

MR 25 SR %, B2 1TO B A 78 450~1 200 nm
U B0 T S 4 3 B R 24 876 %, 1 2 2 I R KR A
VISR 92, 4%, BB T2 TTO # B AE
H

4 5

KR ZE R I EPER T ITO 54 i
AHE N 22 )2 WM, T 45 19 TTO BB A 4R
FRRELRE B2, A1 45 >4 A o v B ) 3L FE /T 100 nm
B, 45 J2 TTO v 88 2o 3% 18 A LU etk o kS 45 4 4 i
i, FE T 1 7 He e B (BN 45 )2 TTO W 7 Bl
BHAY IR . A TTO ¥ B A A BH O B &5 0 33T
T 450~1 200 nm 8 & 6 i 175 B 5 H 38, I 5L 45
SR 33 b e B I 16 B 4 T R T R AR O
TEVERE . 7E O R S IR, R R A 2 1T A
i A SR P RS B A ) R L 1T O R
T 458 K 1) RELRES J3E 7R 11T 22 J2 RS 3R G i 45 DA AT 30
FIH.

S & k-

[1] Purica M, Lacomi F, Baban C, et al. Investigation of

+ 853



SEMICONDUCTOR OPTOELECTRONICS Vol. 41 No. 6

Dec. 2020

structural properties of ITO thin films deposited on different
substrates[]J]. Thin Solid Films, 2007, 515; 8674-8678.

[2] Guillen C, Herrero J. Comparison study of ITO thin films
deposited by sputtering at room temperature onto polymer and
glass substrates[J]. Thin Solid Films, 2005, 480: 129-132.

[3] ik#fl, ERI, B 8 % 1TO B d RN o2
B AR GE R G B RE RIS BT 5T [T ], W B4, 2006, 55(3):
1295-1300.

Zhang Weijia, Wang Tianmin, Cui Min, et al. Electromagnetic
performance of plane delamination media with ITO transparent
conductive film[J]. Acta Physica Sinica, 2006, 55(3): 1295-
1300.

[4] Xu Ying, Gao Jinsong, Xuanming, et al. Deposited indium-
tin-oxide (ITO) transparent conductive films by reactive low-
voltage ion plating ( RLVIP ) technique [ J ]. J. of
Luminescence, 2007, 122-123: 908-910.

[5] Sun Kewei, Zhou Wancheng., Tang Xiufeng, et al. Effect of
the heat treatment on the infrared emissivity of indium tin
oxide (ITO) films[J]. Appl. Surface Science. 2011, 257:
9639-9642.

[6] Baum M, Aexeev I, Latzel M, et al. Determination of the
effective refractive index of nanoparticulate 1TO layers[ ] ].
Optics Express, 2013, 21(19): 22754-22761.

[7] Amaral A, Brogueira P, Carvalho Nunes de C, et al.
Influence of the initial layers on the optical and electrical
properties of ITO films[J]. Optical Materials» 2001, 17: 291-
294.

[8] Liu Haitao, Zeng Xiaofei, Kong Xianrong, et al. A simple
two-step method to fabrication highly transparent I1TO/
polymer nanocomposite films [ J]. Appl. Surface Science.
2012, 258 8564-8569.

[9] Zhang Keran, Zhu Furong, Huan Cha, et al. Indium tin oxide
films prepared by radio frequency magnetron sputtering
method at a low processing temperature[ J]. Thin Solid Films,
2000, 376(1/2): 255-263.

[10] #HRT, REM, skFRE, 5. In, O, & PN 5 KE 196 4

LMo peng i e ()], W B4 4, 2010, 59(7): 5018-
5022.
Xu Tianyu, Wu Huizhen, Zhang Yingying. et al. Fabrication
and performance of indium oxide based transparent thin film

transistors[ J]. Acta Physica Sinica, 2010, 59(7);: 5018-5022.

+ 854 -

[11] Kim ]S, Bae ] W, Kim H J, et al. Effects of oxygen radical
on the properties of indium tin oxide thin films deposited at
room temperature by oxygen ion beam assisted evaporation
[J]. Thin Solid Films, 2000, 377 103-108.

[12] wmsdge, MJe%e. #E ME, % BFHMRMALHEARAER
il 4% TTO ®ELT]. JERTH TR 224, 2007, 27(10): 924~
927.

Yu Zhinong, Xiang Longfeng, Xue Wei, et al. Preparation of
ITO films deposited at room temperature by ion beam-assisted
reactive evaporation [ J J. Trans. of Beijing Institute of
Technol. , 2007, 27(10); 924-927.

[13] Kikuo Tominaga. Tetsuya Ueda, Takahiro Ao, et al. ITO
films prepared by facing target sputtering system[ ]J]. Thin
Solid Films, 1996, 281 194-197.

[14] HEEE, XHE#. In,O,/Sn0O, 18 1l 4 Kot 1% 2 95 1 fE
WFE[T]. WFRM, 2010, 59(1): 541-544.

Tian Qixiang, Liu Shengchao. Fabrication and spectral
reflective properties of In,0;/Sn0O, film [J]. Acta Physica
Sinica, 2010, 59(1) . 541-544.

[15] # 7% 2050015 e S 1k o W 058 00 ) 8 2O L 1 e F
[D]. M/RE: WRE TR, 2014,

Yang Lei. Study on The Preparation and Optoelectrical
Properties of Infrared Transparent Conductive Oxide Thin
Films[D]J. Harbin: Harbin Institute of Technology, 2014.

[16] Marqusee J] A. Ross A J. Kinetics of phase transitions:
Theory of ostwald ripening[ J]. J. Chem. Phys. . 1983, 79
(1): 373-378.

[17] Amaral A, Brogueira P, Nunes de Carvalho C, et al.
Influence of the initial layers on the optical and electrical
properties of ITO films[J]. Optical Materials, 2001, 17(1/
2): 291-294.

[18] Annika P, Bruce D. Mesoporous indium tin oxide (ITO)
films[J]. Thin Solid Films, 2006, 515(2): 790-792.

[19] Villar Del I, Zamarreno C R, Hernaez M, et al. Generation
of surface plasmon resonance and lossy mode resonance by
thermal treatment of ITO thin-films[J]. Optics & Laser

Technol. s 2015, 69 1-7.
&=
FERHKA98E—) ., B AL, T B F LB LT
AEH AFEBRERE AR E T GOFR.



CESARORHL 2020 48 12 45 41 #4565 6 4

EAT H., ZHSACEHONERLLILFRENT

HH EHSWERLEL

DOI: 10.16818/j.issn1001—5868. 2020. 06. 018

U ABENH SR LB AR

Z@EH, BRE
(1 RESEHERERERAT EBH AT, £§ 200241,
2 REEMAS(EF) HHHEETRER, LR 55 266550)

 OE: waHANILELEH RT EAAABY h B4 B ek, XFA A KR
BB 5 rBR A AR T ER & T =% %306 E A4, JF 8 i 45 ) A BR AR A AL L ut 1), AT L AT
M A A FARG Y, Bl e EH B ST R X HETHF AT ik
R =k 5L B HATRAE, FA A el Kk, BRI AARRE BAAKR L ELFEM
HEBLFEMN KT EARL e THE, EREAN A EH =% 5006 EH LA MILE BRI
MGG EM RGN RERAER LS EH AN B R T BLFHE.E1A/gt)d
REET LR AERFHTA 191.5F /g,

KEIR: AR g2l Bk EtEae: YRS BRI R

FESES: TMIIL.3 XEZHS: 1001—5868(2020)06—0855—05

Preparation and Electrochemical Properties of Three-dimensional Holey Graphene
LI Jianyong', SHAO Qingguo®
(1. CGN New Energy Holdings Co. Ltd (Shanghai) , Shanghai 200241, CHN;
2. School of Materials Science and Engineering, China University of Petroleum (EastChina), Qingdao 266580, CHN)

Abstract:  The pore structure, size and type of electrode material directly affect its
electrochemical properties. In this paper, three-dimensional porous graphene electrode materials
were prepared by a two-step method of hydrothermal reaction and nitric acid steam treatment.
The three-dimensional porous graphene was characterized by scanning electron microscope,
and X-ray diffraction. And the

electrochemical properties of the porous graphene were tested by the three-electrode method and

transmission electron microscope, Raman spectrum
electrochemical methods such as cyclic voltammetry, constant current charge-discharge and
electrochemical impedance. The results show that the prepared 3D porous graphene has a
combined structure of micropores and nanopores, and their synergistic effect leads to excellent
electrochemical properties of 3D porous graphene, realizing a specific capacitance up to
191.5 F/g at the current density of 1 A/g.

Key words:  graphene; three-dimensional porosity; electrochemical properties; supercapacitor;

energy materials

ElEd

T HG o SR 0 5655 L BT 45 5 A R 61 590

AR L 2 A B A AL B0 25 48 O = 10 BE
7 B HB:2020—09—10.
BEEWA :hJe s J AR 5 9% L Wi H (2018000035,
19CX05001A).
CEEEE AR E

E-mail: qgshao@upc. edu. cn

AR E R A7 A 22 A T R AR AR S AR
ST P R A A B 1 OC R F R A R
Bt PRI i v A0 k35 H B A R A RE R 5, T & B
TR A B R 2 U ST Y PRI i A TR
WA At 5 e HG v A~ M RE Y R B S R A AR

* 855 ¢



SEMICONDUCTOR OPTOELECTRONICS Vol. 41 No. 6

Dec. 2020

1T R | AR T P AN L AR A R B S P D R
FL R AR A FL 25 LR AR FLAR A A 45 G4
K BEFEN GIF R T R R kL LA 5
P T 1) R 285 2R B A e P B L SR T AT 2 — 25 4R
FEL A R A R A 2 P AT S 4 iR 9 A T

BRI T L sp® 24k B8 4 oS
FE e L TR I R RRGOR MR, B RA MRS
2 G UL RS R AR N T AR B 2 g R
5 S AR B E B T L e Ah A B
U AR PR R R R IR R R
Wt —F AR A R R AR R R, AR
BT EHAA B (GO FER7E GO 43U o AL
et MLk G 3 ek A A S 7 T 5 1 = A A AR s R L O
B R 28 VRO L HE AT — 5 B[] 1 20 ol o &5 th =2 2
FLAT B AR o DA BRI Ay R H A A R 1 AR S PR R L A
117 A5 31 i A 2 M BE T A S ) = 4 22 L BB 0 R A b
.

1 AR A5 RAE

1.1 ZHAEFEREKHNT &

Kol 35 mL ¥ FEF N 2 mg/mL A9 GO 43 B »
T FA AT VA R S YRR B B 10 L MH S A I A 43 K
WP 5] ARG B IR B AR 2 50 mL )
JO7 28 1 N A TR A R A R LA TR AR
FE 180 C M 12 h, 75 B 4l 57 32 15 1) A7 55 0 7K Bk
& tric 2 GO,
1.2 Z#ZIAEHFNH&E

W A B8 M KB R e T 2 fL SR
THT 45 S PR 55 A A8 0 7K B IS T A K AR I 48 o L 7
KRR 25 mL 6 mol/L RIGSHR . %5 B 5 it A
MEAR . 1 RON TR 4 oA 100,120,150 °C , B [A]
1 h IR 5 BilAR e i rGO-100,1GO-120 F
rGO-150,
1.3 ¥R

 H JEOL-7600F 17 & §F H #f i + B il 8%
(SEM) il JEOL-2100F % i i F & Sl 85 ( TEMD Xf
15 20 7= Wy R AT IR SO S s R FH AT =2 I AN BE 2 W Y
X SR AT AT W AH 53 B s R TR JE 42 B B
AL G A AT 2 G
1.4 BRI

Vg A5 100 R AR B R 5 e R £ s i BRSO
9= 1IRA 0 NMP YERH ] 2450 U PR 3100 TR R 4R
A b R R R, SR = AR K gy vk,

* 856 -

2 mol/ L Y& A AL 81 VE b WL A 0, o 47 18 34 AR 22
IR (CV) H I 7850 H IR (GCD) 1 H, Ak 27 BE H ) 3
(EIS) B JEHH N —1.0~—0.2V,

2 ZRSTNE

2.1 HEBRHRRLERENIZIT
il R 78 VA AT L 52 50 75 2 AF B I 242 v kAT %0 ol
CHF R 28 TR 200 ol 2 0 0 T PR I R AN 1 1 B ) o
W Jm TaRme, BA A At . S 5h K20 ER
KA R, VI 22 B ORRL A1 2 40 TR 5 ekt 70 220 ekt 7
MR T % T 100 C L, ARLE & Zm T 7 PTFE
A T v 2 4 S AR RS AL IR AR v 23 A S AR Y
%R 20 mm, 4 fL AR FLFE R 2 mm) , 550 B K F
Mo T rh 248 BB — A S B SR K B
JETCE A SRR b A R N B, Rkt
A RS IR 28 TR BRI I\ 1 21T 2135 A B8 K B I 1) %
1. 5 T 200k, % PTFE B B 2 iR,
KA

A B GEE

{2 PTFE tpzs 4 A £L BIAR 8 1

2.2 ZHZSIAEHITRERLE

3 Ca) T (b) 4351 J2: = 4 A 88 0 K BE i (+GO)
=4 Z LA 5B K EER (rGO-120) 1Y SEM K,
FE 28 A 2 K R R A S R P A T AR A IR
I L K AR S 38 B R 7 g fL . DAL
AT VLA = 2 A 85 7K e 2% 1R R L LAV B Y
=Y 2L 2 S5 R FLBE H T A BRI R HE AR AR
SEIHG MR ARG, R 2 Z RS 8 = dE 451
e LSRR AL B8 Oy B T 1 A2 4 Ik Pk



CFRGH Y2020 4F 12 A5 41 555 6 1

FHEFF. ZHZILBZHARNERLBALFHEHT

T IR 5 B AR A R A AR T T RO
B, ZMRRAL P B = 4E 2 LA SRR K BER (¢ GO~
120) PR RFLEE K (& 2(b)) 1 [F] B, 78 1 58 0 3% 1
20t — e/ NFLL I 2D PR, AEER)Z L
A R 9 2 K 9 LR . b B i 7 Ak L R 4% 221 ol
AR K AL L 3 BE 299 K L BE % A K 3t B i i AR A RE Y L
AR L 24 T 2 00 T A AR 7 A T AR A X
JZ= AR AP RE

() rGO ) SEM [ (b)  rGO-120 1y SEM Kl

(o) rGO iy TEM (d rGO-120 iy TEM
K3 rGO fl rtGO-120 By SEM E 1 TEM ¥

2.3 ZHZAAEHNEMRIE

A AR K B I N 28 3 AN TR R B i R 22 1R AL
PRI =4k 2 fL A 52 A A 9 Raman 25 R 40 1& 4
Ji7R, AN 0 D R G Xt R h & B ik 1
JiR. DUEFEZAE 1350 cm ' B ARER T A 8806 1Y
BB 17 B0 AN ES 43 TC R B9 45 . G IETE 1590 em '}
I, FEORIR T Z N sp” A2k C /Y[R 1 N
PRzl RAE THE R B9 SRR . Raman Bi5% 45

— 1GO
—— rGO-100

—— 1GO-120
J\/L —— rGO-150
500 1500 2500
P EALE /om?

B4  rGO, rGO-100, rGO-120 1 rGO-150 P4 4~ £ 5 1

Raman &%

I(a.u)

& B DU AN FE i 2 AT — 2 1 TC 7 Ak 45 40 A A B 1k 3
%, DY GUERIEMAE 1,/ (WFE DT
T J5 - 1) Bl o A B RN A SRR R BE L T, /1 HU(EBR K,
T FH I R, EE(E RN U SR R
MR L AAL T/ I, EY KT 1. A5 E A 2= A
KHRAE 1.1 224, 2 W DU AN B 5 3805 5 o8 1 I T Ak
FRBE BRI 2 ) G800 05 o A 55 A0 R BE A X JE
P RERA, AT SR A SR M N B A B RE B 2 BT B
1R B 7 %5 5 T A% Ry 1 A s B AL A 22 A TG PRV

F1 MEAES Raman 4 E 163 5 g Bk H 8 B8

BERI,/I; tb1E

. i‘ﬁsﬁ‘:fﬁiz/cr?” 11,
D & G g

rGO 1341.77 | 1585. 64 1.13

rGO-100 | 1351.31 | 1593.22 1. 09

rGO-120 | 1348.97 | 1602.37 1. 10

rGO-150 | 1345.89 | 1603.11 1. 14

K 5 SR A BRI GO 5 2 K vk if JE Rl iR
ZI ik ) DU FE GG S XRD 3% . 3% 2 S XRD &g 4%
TEAT S e s 1 1 20 A, W& 5 iz . GO 1Y & i 78
20 2 10. 2° (4 Hb J7 A I B 0 REAE AT ST 0L o GO
FEA 001 fiy T . 28 7K AR 5 Ah B A 5 5 1] 15 21 F
i rGO,. rGO-100, rGO-120 1 rGO-150, A] % ¥,
J& T GO [ 00 1) HFAEAT S e 56 42V 2K, i DU AN i
BITE 20 Sy 25. 5 B3 7= A T o 1 AT S 0 3K X6
S () 7 B (002) T FEAE AT ST 06, R X GO #E4T
R P RS B — W R, X 5
Raman F1F 45 5 — 2, Ui GO 8k 5k £ 28 4
HBR T 002) ¢ 1EATT 5 W &1 I A A7 565 0 47 7E 5 1 B
A1 AR 2 2 R HEAG AR R LR RS B R
sl DR A8 G 7T 5 B2 9 589 104 I DR AT ER B ) A SR A
JE R L R R B, kAR T LR R AR o
PEAT TR B H G A 3 38

GO
rGO-100
rGO-120
——1GO-150
| —°
=
7 N
&
L
0 20 40 60 80

20/(°)
Bl 5 AR XRD E

* 857 -



SEMICONDUCTOR OPTOELECTRONICS Vol. 41 No. 6

Dec. 2020

£ 2 XRDBEEATHHEXNA 20 B B4 (°)

GO | GO | rGO-100 | rGO-120 | rGO-150
0.2 — — — —
20.4 | 25.9 25.5 25.2 25. 1

2.4 Z#zFAAEBALFEEENR

Bl 6 2 DU AN B &l ) TAE A E 10 mV /s
HIH B TR -V B, wT LA il 2 Bk 1#
AT B, BB Ak 2 WL R LAY, TV
il 2 £ BT T % T AR R 68 2 1 b L 55 F B B R L e
ZM RN W E 6 TR, 120 °CF Z ik R 9 1GO-
120 K¢ i CV I R K, BRUTTT LY A28 i e - 106 B i
RFZI M RE SR S LB A, B 7 A rGO-120
FEREARF R E TR -V EL AT -Vl
LRAE 1 AR T 100 mV /s B RE AR 5 3 25 2L 40
TE , Ui Wt 4R B A B (0 A5 R R R

0.005
~ 0.002]
3 ]
g ]
é -0.001 -
S ]
B — GO
-0.003 e
B ——r1GO-150
-1.0 -08 -06 -04 -02
VIV
6 POASRE S TAR bl AE SR B ) 10 mV/s iy J-V
i £k ]
0.06
& 0.02 1
g
Q
:t?, -0.02 1
=
-0.06 1

S0 08 -0.6 -04 -02
VIV
B 7 KRR rGO-120 FER R HE T 1 T-V 4 &

L8 Ay U A~ i 1) ok 1 T A oL A L 90
1A/ g FIFEM B (GCDY Mt & |, 2t E,
RAMIRZZRZ A # Y +GO 545 100,120 F
150 °C Hi§ R 7% 15 2 ph 4k B2 15 /) rGO-100, rGO-120
I rGO-150 FETERI A E I 1 A/g TR LA
A3y 9Ih 123.5,164.55,191. 5 Fil 84. 4 F/g., % xt il
R 28 VA 20 ol Ab B B9 rGO-100 FiT rGO-120 FE S s
HHAMEY S T REMHRZZI AL E) rGO FE
mhe WA, rGO-120 MM AE R . X5 J-V

+ 858

MR gk B —3, SR L 150 °C Rl IR 2% V5 2 i b B
JE B rGO-150 FF i 1Y HL 25 B 5 A% 3X AT BE A 2o v 1Y)
Z0) i T B S Ay B )2 S A B OR LSRR
MEfrEk. o, B i GCD fih £k 35 5 8045 T =
FAIE U B U A A o R B A Y A A m
9 42 rGO-120 FE ahAEAS [A] H i % 2 19 GCD il 2
M L AT LA Mo 76 30 Y R U 2 B T L R AT
SRFEI B 1 B H 2 L W B B B A R
AE. DL EZEIREN], R IR 28 1R 21 2 L Be 5 B3
AL 2 B GOK AL, BRI 22 3 P 6 A T T 4 e
5 B ARORE R Y L AR S PR RE .

“o 100 200 300
tls
B8 PUAKE S TAERARAE R % R 1 A/g B9 GCD il
"

\7A%

0 100 200 300
tls
B9 K rGO-120 FE A6 HL 3 %6 B2 R 1) GCD Hh 2k &

3 &g

A S i AR 1 2 B R
ot T AT RS e R = AL
Bk I3 3 A0 1 T 20k
3 SR LA AU b R B . 450 15 P fie
WIS 2 S B« 20 bl IR A 120 °C A 0 0 = e
SR FLRSE TR 51 90K ALRON 2 W 7 B K B
EME 1 A L AT FE A 1 A/ S i
1915 F /g 538 ok 0 6 20 b i FE 2 3 B0 0
FECEIR 5 L 2% oA R

S & k-

[1] Wei Hong, Wu Qiang. Zhao Jin, et al. Mesostructured NiQ/



CESARORHL 2020 48 12 45 41 #4565 6 4

FRAFF:. ZHZALEHROHNERLBLFRENT

Ni composites for high-performance electrochemical energy
storage[ J]. Energy Environmental Science, 2016, 9 (6):
2053-2060.

[2] Ke Qingging, Wang John. Graphene-based materials for
supercapacitor electrodes—A review[]J]. J. of Materiomics,
2016, 2(1): 37-54.

[3] Zhang Y. Huang Y, Chen H, et al. Composition and
structure control of ultralight graphene foam for high-
performance microwave absorption[]J]. Carbon, 2016, 105
(8): 438-447.

[4] Yang Zhou, Tian Jiarui, Yin Zefang, et al. Carbon nanotube-
and graphene-based nanomaterials and applications in high-
voltage supercapacitor; A review [ J]. Carbon, 2019, 141
(12): 467-480.

[5] Liu Xianbin, Zou Shuai, Liu Kaixi. et al. Highly
compressible three-dimensional graphene hydrogel for foldable
all-solid-state supercapacitor[J]. J. of Power Sources, 2018,
384(12): 214-222.

[6] Bk fi. FRnkig 5 G kE G & B Jof 88 00 SO8E i Ak 2
REWFFELD]. Hebk. HebkE T4, 2017, 2-3.

Chen Jian. Preparation of polypyrrole composites and study on
the electrochemical properties of graphene aerogels[ D]. Guilin:
Guilin University of Technology., 2017 2-3.

(7] s W8, =42 FLa B0/ RN E A R0 & Rt w b
W REMF D], TEFH . PEFHKE:, 2018, 2.

Shi Peng. Preparation of three-dimensional porous graphene/
polyaniline composites and study on their electrochemical
absorption[ D]. Shenyang: Shenyang University, 2018 2.

[8] Brownson D A C, Banks C E. Graphene Applications[ M]//
Outlook and Challenge of Electrochemistry. London:
Springer, 2014, 127-174.

[9] Bieri M, Treier M, Cai J, et al. Porous graphenes: two-
dimensional polymer synthesis with atomic precision [ ] ].
Chemical Commun. s 2009, 45(45): 6919.

[10] Kuilla T, Bhadra S, Yao D, et al. Recent advances in
graphene based polymer composites[ J]. Progress in Polymer
Science, 2010, 35(11): 1350-1375.

(110 BRenl, Bkt REEBHAROB AR b
JE, 2011, 23(z1): 595-604.

Chen Yingfang, Xia Yongyao. Advances in research on hybrid
supercapacitors[ ] |. Chemical Progress, 2011, 23(z1): 595-
604.

[12] EXKHE, HW, ZEY, % OO BREAR
BRI ], T R B R, 2011(7) ¢ 18-20.

Wang Zhiyong, Tian Shuren, Xia Guoming, et al. Green
energy storage elements—Discussion on supercapacitors [ ] ].
Electric Appliance and Energy Efficiency Management
Technology, 2011(7) . 18-20.

[13] #1 . A SRR T A ot St Re X (D). ok
. REMT RS, 2014: 2-3.
Hu Han. Controllable preparation, modification and properties
of graphene aerogel [ D ]. Dalian: Dalian University of
Technology, 2014 2-3.
[14] Athtd, 2 3, AEIE. =480 506k 6 &7 %o
R, ki, 2013, 76 (11): 988-993.
Shi Weiwei, Yan Fei, Zhou Guojun. Advances in preparation
methods of three-dimensional graphene materials[J]. Chemical
Bulletin, 2013, 76(11): 988-993.
[15] X %, =2 A SBIE0K Rk & Rt s st [D]. R
B WRRIE Tl R, 2015: 3-5.
Liu Xin. Hydrothermal preparation of three-dimensional
graphene and its properties[ D]. Harbin: Harbin Institute of
Technol. , 2015 3-5.
[16]  ¥FokAS. Ak A7 5205 18 90 v 25 25 i AObE L &85 g 98 s 15 P i
WEHELD]. Hebk . HbREE T KA, 2016. 23-25.
Xu Yongjie. Structure regulation and properties of electrode
materials for GO supercapacitors[ D]. Guilin: Guilin University
of Technology, 2016. 23-25.
[17] /N3, AR A 24 . A RH & K fifh ik BIL 3 F
FE[D]. Rif: RHKZ. 2013: 39-41.
Xie Xiaoying. Graphene-based supercapacitors: Preparation of
electrode materials and study on energy storage mechanism[ D].
Tianjin: Tianjin University, 2013: 39-41.
(18] #& Wi, &% WS, BXUTME, ST B AR g h A AR
SHEZ LA RG] MEREE T2, 2016, 24(5): 54-55.
Xu Li, Sheng Peng, Zhao Guangyao, et al. Preparation of
three-dimensional porous graphene for supercapacitors based on
algae[J]. Materials Science and Technol. , 2016, 24(5);: 54-
59.
[19] X &, ks, skFAL, 55 =42 FLi ik B0 0l &
SN BTSRRI, A s . 2018, 26(5): 384.
Guan Lei, Zhang Liqiang, Zhang Yuhang, et al. Advances in
preparation and application of three-dimensional porous
graphene[ J]. Synthetic Chemistry, 2012, 26(5): 384.
[20] % WA, XUBUF, Bk OB, S5 =4 A0 b kL e B
T R AICT]. B RER . 2017, 5(1): 95-96.
Xu Li, Liu Shuangyu, Chen Xin, et al. Applications of three-
dimensional graphene electrode materials in Li-ion batteries[ ] ].

Smart Grid, 2017, 5(1): 95-96.

EE®E AN

ZEEBEA9I2) .. ThdETA L, §R
IARN, 2 BAF R 7 6 A R s | AR 5 37 68 R Ak Ak
AR

BRERE (1987 —) . B, LA EBAH L, 8 H
¥, EZHR T 6N Bk B A AL BOAE TR A A AL

+ 859 -



SEMICONDUCTOR OPTOELECTRONICS Vol. 41 No. 6

Dec. 2020

M B A E RN EE B 3R

mERT,E #',BREZE, 0 &
(1. =AML THER W TEFEE, b3 102617; 2. L FEWIEEFEAT, L3 100854;
3. hERFERIERWEFARE, L 100190)

MH EWRITE DOI: 10.16818/5. 1ssn1001—5868. 2020. 06. 019

B OE: ARAURIAERHEETFRAEAFRATL AT Mixture R MET L =434
BAHPHER PR TEBREAFTRIE, RRNZHPER T T B AR R E E A8 F KR E R
Fo R A RAFEER A TR FHEBREEFRALBRERIEH O, EREN A0 TRAETF
MBE ETGIRS A AL F AR AR EIF R RETRRBEABSTFHAERRE LR, L
BHHAREEIEmZ R B T AR R R ETRRELAL BB @REY RIS, X

FHEBESHRABTEFEATERE f2XFF3G 4 W AR RE LT it B AL,
KW IR MK OE I s BUE TR A RGERE s BRI A1
hESHES. TKI24 XEHES: 1001 —5868(2020)06—0860—05
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Abstract; Taking the pulsating heat pipe with corrugated configuration and the mi

Cro-

grooved flat heat pipe as the research objects, a three-dimensional unsteady mathematical model

was constructed based on the Mixture model, and the reliability of the model was verified. This

mathematical model was used to compare the thermal resistance, average wall temperature

and

the uniformity of the evaporation section wall temperature of the two types of micro heat pipes

under the same heat dissipation space and heat flux. The results show that, compared with

micro-grooved flat heat pipe, the pulsating heat pipe with corrugated configuration presents lo

the

wer

thermal resistance and better heat transfer performance; the steady-state average wall

temperature of the evaporation section of the pulsating heat pipe with corrugated configuration is

lower, and this advantage becomes more obvious as the heat flux increases; the pulsating heat

pipe with corrugated configuration has better wall temperature uniformity in the evapora
section on the spatial scale, and this advantage is more prominent in the case of high heat fl

but this uniformity changes relatively drastically on the time scale.

tion

uxs,

Key words: pulsating heat pipe with corrugated configuration; micro-grooved flat heat

pipe; numerical calculation; heat transfer performance; wall temperature uniformity
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Research on Pin Feature Point Matching Algorithm Based on Characteristic Number Invariant
LI Huipeng, LI Ke
(Dept. of Instrument Science and Opto-electronics Engin. , Beihang University, Beijing 100191, CHN)

Abstract :

Aiming at the problem of approximate symmetry of the feature points in the pin

matching process of the electrical connector and the large-angle rotation transformation between

different images, it proposes a feature point matching algorithm based on the invariant of the six-

point characteristic number. In this paper, the feature points were divided into two parts of

convex hull and interior point. Then the invariance of the order of the points on the convex hull in

the projective transformation was used to achieve the convex hull matching, and the similarity of

interior point feature vectors based on convex hull feature points was used to achieve the interior

point matching. The experimental results prove that the proposed algorithm can achieve the

matching of the pin feature points well with certain robustness.

Key words:

convex hull
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Fast Phase-based Stereo Matching Based on Multi-scale Analysis
CAI Chao'*?*, LIU Wenbo'*, ZHENG Xiangai'”,
MENG Fanchang®, ZHANG Zili**, ZHOU Weihu**, LI Yajie’
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2. Non-Destructive Testing and Monitoring Technology for High-Speed Transport Facilities, Key Laboratory of the Ministry of
Industry and Information Technology of the People’s Republic of China, Nanjing 211100, CHN; 3. Institute of Microelectronics
of the Chinese Academy of Sciences, Beijing 100029, CHN; 4. University of Chinese Academy of Sciences; Beijing 100049, CHN;

5. School of Instrument Science and Optoelectronics Engineering. Beijing Information Science and Technology University, Beijing 100192, CHN)

Abstract; Phase-based stereo matching (PSM) is a vital step in binocular structured light
measurement, but the traditional PSM method is difficult to strike a balance between speed and
accuracy due to the greatly increased storage space when processing high-resolution images. In
this paper, an image pyramid model is introduced and a phase-based stereo matching algorithm
based on multi-scale analysis is proposed. With a layered matching strategy, the preprocessed left
and right absolute phase maps are down-sampled to generate an image pyramid and high-
resolution disparity maps are predicted by up-sampling low-resolution disparity maps to narrow
the disparity range. Experimental results indicate that the proposed algorithm can greatly
improve the phase-based stereo matching speed while ensuring the accuracy and can achieve fast
and accurate stereo matching of high-resolution images.

Key words: fringe projection profilometry; phase-based stereo matching; high resolution;
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Fast Image Registration Algorithm Based on Adaptive Screening Harris Corner Detection
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Electronic Information and Optical Engineering, Nankai University, Tianjin 300350, CHN)

Abstract; Aiming at the problems of large amount of calculation and slow speed in the
process of image registration for traditional Harris corner detection algorithm, in this paper, a
fast pre-screening Harris corner detection algorithm was proposed. Firstly, a large number of
non-feature points were quickly eliminated with the FAST algorithm, and then the clustering of
FAST corners was solved by suppressing the radius. Secondly, Harris corners in the
neighborhood of FAST corners were selected, and finally Brute-Force matching was used to
realize accurate matching. Experimental results show that the proposed algorithm not only

improves the corner detection speed but also reduces the number of redundant corners, and it

effectively improves the registration speed and accuracy, realizing a good registration effect.
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Extension for Satellite Laser Communications
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Abstract: A novel construction method of rate-compatible low-density parity-check (RC-
LDPC) codes based on the matrix extension and combined with the properties of Fibonacci
sequences is proposed in order to reduce the hardware resource in satellite laser communication
systems. The RC-LDPC code with girth-6 and quasi-cyclic characteristics can be constructed by
this construction method, which can save the storage elements and reduce the computational
complexity. Its hardware implementation was more easily realized and the RC-LDPC code is more
suitable for satellite laser communication systems. The simulation results show that the RC-
LDPC code constructed by this method can realize a better decoding performance in a wider code-
rate range. Under the same parameters, the net coding gain of the constructed RC-LDPC code is
more than those of other codes with the same code-rate and code-length at the bit error rate
(BER) of 10 °.
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Multi-format Optical Modulation Technique with High Bit Rate for Space Laser Communication
LAN Feng, HAN Ting, GUO Jingzhong
(Xi’an Institute of Space Radio Technology, Xi’an 710100, CHN)

Abstract: The amplitude modulation and phase modulation are the key techniques in laser
communication systems, but there is a limitation in satellite network with inter-satellite links as
single laser terminal can only have a specific modulation format. In this paper, an optical
modulation technique which is compatible with multi-modulation formats and bit rates based on
digital processing was described. A LiNbO, quadrature modulator combined with closed-loop bias
control algorithm was applied to implement amplitude modulation (OOK modulation) , phase
modulation (BPSK modulation) and multilevel phase modulation (QPSK modulation) in a signal
modulator. The modulation bit rate can be tuned from 625 Mb/s to 5 Gb/s according to different
modulation formats of OOK, BPSK and QPSK. The transmission EVM is less than 9% with
coding and scrambling functions and the inducted loss for the receiving sensitivity is less than
1 dB. This modulator has been verified in all environment experiments such as vibration test,
thermal vacuum circle test and radiation test and could be used in various laser communication
terminals. The modulator realizes the function of analog modulation, so it is expected to be used
as a transparent transponder for microwave photonic Signal.

Key words: space laser communication; multi-modulation formats; multi-bit rates
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Shape Sensing Method of Soft Manipulator Based on Fiber Grating with Spiral Layout
ZHU Weitao', SUN Guangkai'?, HE Yanlin', MENG Fanyong'
(1. Beijing Key Laboratory of Optoelectronic Measurement Technology; 2. Key Laboratory of the Ministry of Education for
Optoelectronic Measurement Technology and Instrument, Beijing Information Science & Technology University, Beijing 100192, CHN)

Abstract: In order to measure the shape of a minimally invasive surgical soft manipulator
when it is flexing and stretching, a shape sensing method based on spirally arranged fiber grating
is proposed. Unlike the traditional linear layout method, the spiral layout method can prevent the
fiber grating from breaking and degumming when the soft manipulator flexes. The sensing
principal of spirally arranged fiber grating and the reconstruction algorithm of bending
deformation are analyzed theoretically. The sample of fiber grating placed on the surface of the
soft manipulator along the spiral is prepared, and the experimental system for bending
deformation of the soft manipulator is established. The variation of the center wavelength drift
and bending angle of spirally arranged fiber grating under different bending conditions is analyzed
experimentally, and the deformation shape of the soft manipulator is reconstructed. The
experimental results show that the maximum sensitivity of the spirally arranged fiber grating in
different positions of the soft manipulator is 7. 1 pm/(°), and the maximum error between the
actual measured value of the bending angle of the soft manipulator and the theoretical
reconstruction value is less than 4. 29. The helical optical fiber sensing method can be used for

the shape sensing and reconstruction of soft manipulators.

Key words: soft manipulator; spiral layout;
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NAO Robot Target Tracking Based on Improved Camshift Algorithm
WANG Liling"*, SHAN Zhongyu'?, MA Dong'?. WANG Hongrui'
(1. College of Electronic and Information Engineering, Hebei University, Baoding 071002, CHN;
2. Key Laboratory of Digital Medical Engineering of Hebei Province, Baoding 071002, CHN)

Abstract: When Camshift algorithm is applied to target tracking of NAO robot, the
tracking fails if the target is interfered by similar color background or blocked by objects. A
target tracking method based on ORB feature detection and Kalman filter is proposed. Firstly, it
is to detect the target ORB signature point and initialize the search window. Then Kalman filter
is used as the prediction mechanism of target motion state to initialize Camshift algorithm with
the predicted position. The Bhattacharyya distance is used to determine the convergence of the
trace window. If background interference occurs, the ORB algorithm is used to match feature
points between Kalman prediction area and target model in the current frame, and the position of
the target in the video frame is redetected. According to Kalman filter, the possible position of
the target after it is blocked by the object is updated. The experimental results show that the
improved algorithm can continuously and stably track moving targets under the complex
environment of similar color background interference and target occlusion.

Key words: target tracking; humanoid robot NAO; Camshift; Kalman filter; ORB feature

points

Y HH#8:2020—09—18.
ESTH:EXARR¥ELTH (61703133 ; [ 5 & 5
&R H (2017 YFB1401200).

CEEEE TR E-mail: hbuszy@163. com

+ 896 -



CESARORHL 2020 48 12 45 41 #4565 6 4

Eid %

A T #% i Camshift %49 NAO #LE A B 473k 57

0 5l&H

A ) 55 B B R PR A R AN T B AL i I
) — A HE R AR 2 F 2R N S B LA
S Iz W T ALEE AN AHLEE B AR 45 S
", Camshift (Continuous Adaptive Meanshift)
J& Bradski™ $2 1 9 — Rl st B bR R EEFOL B
B LT RRHAEAE S B AR, i T HAr BHR B 7
EZ B AR ST, Bt LR AR 5 2 8 H s B
RAS A 1 52 W, T HL B3V 08 IR B2 T R el D 1
A 8], A] DABR S S BT H A A9 S A BRI

&4 Camshift kT 2 F W R RE O
HEAT B AR B 7B — BT R T B B R S
HARBREE RS . A Camshift 83 16 H b5 K 0
H 4 U B AR B EARRAE  I 58 2 1R 5 18 B bR
15 B A5 B BOH R AR A Al R R L Y H AR NS A
R T BRI (I R BRI, A HARERER R 23,
SRATE P AR FE N B VL 0 /D 1 TSR A ], W] PR S R
EI b5 52 B B S (R Camshift 57954 B 84 % H x
iz PRI AIL R L R R e AR b Y A A O £ T
RIS B BR R 23 R I, BVEE Y H AR AR R Hh B
TEALET b IR ER A o R AR

BEXT F A )8, AR 22 W58 %5 Camshift 53 1k i
17k . Huang % $2 1 F ] Kalman 389 559k
R 32 2y F bp A £ e S g b R A28 F4Y
A 2R A Kalman W00 2% fig e H bs & A4 58 2
FERFWH PG Camshift B35 A REIK & IR & /Y ]
A, R R R 2 I8 S i Camshift H ik B R
U 8 2 I S H 2 A R I 8] A T AR LB 65 5 5 T
P EOE IR AR A B I B 1 B RS o W T
SR 6 ¥ Camshift B 5 SIFT (Scale-Invariant
Feature Transform) B EME S . B T H R T
60T HARK I A RE ) . SCHRL7 IR H] FAST-SIFT
FRAF S K 25 & Camshiflt B2 0] LA 8% M A AL
BT 5. 7EBL IR b, SCRR[S-9 1R i
(1) F5 B 5 fE SURF Al Camshift 595 M 45 & i — 2
P TRk LR, SURF 8302 SIFT 53k 1
THERAS B ZTE BRI G b it 47 B bR BRER I, th T
F BB 0 5 2 PR I FE I (R AT AR JC 1k 52 3 SE
PR

ASCHR A — Fh 45 & ORB FFAE £1 K I A
Kalman 3§ A 2 505 /G 19 H PR ERER 5% . ORB
SRR FAST B3 3R BURHIE 5007 B 76X [A) — i

EUL AL 1 000 DNFRAE S A5 60 T . ORB Bk a1t
AR B R SIFT 359 1Y 300 %, & SURF & 311 14
5 SRR SRDY, ORB R 5 5 31 15 A
TGO, AT ULFE AH AL B 60 55 5 T PR BT AR 4 ORB 550k
BT RO E . 24 H e g P ek A Kalman
RIS BAR A T R B, LI E R R AR
Fk R s S fe o W R ER A2 B H s .

1 Camshift B

Camshift 59 7] LLAS W o8 48 BR 2 11 R/ A
I 7 i R H AR AR B TR) R, BR34BT
BT EURRIEAE S B AR A, R R BE T e ok s b 1t
SRR ), AT DA PR S S e AR R

Camshift BEMFSZHA R .

(D73 Wi RGB EIHMR, # H L 3] HSV 6
Foas A, P B H i I8 43 i

(O F N B R D7, THR RS X A
VAW

() A4l B s B 7 B0 g A BHR 47 B 1) 4% 5%
T MR R A B TG ) 1R BB .

M()(J:EEI(Iyy) (D

M, = > > Iz, y) (2)

My = > D yI(x,y) (3)
ORI AR B ‘

. _Ml() _M()l (4)

M, T M

TR L DI F AR IO a3 AR (e )

(O B ER T O AL E (2 ) BB BT H
PR B0 AL E (s y ) s BT B WS, A A IS
VO3 ] 25 B (3) AR A BT A9 48 R 7 1 B R o
R R — R PR TSRO L o B, U
L7 R RN SR VA C 2 DO R s B = G TN U3
e DX I A D b DI A7 S, 4k 2 2 AR B 4

2 R Camshift B

M HE A Bt ORB 4RAE S5 A6 1 Kalman 3E 35 Al
Camshift H2 55 =350 20 i, vl 52 A AL 20 6695 5
TR 3 5 T B AR A S Fa e BRIEE .

2.1 ORBEHE;%
Rublee 41 # By ORB &3k, i #t FAST

* 897 -



SEMICONDUCTOR OPTOELECTRONICS Vol. 41 No. 6

Dec. 2020

(Features from Accelerated Segment Test) it i# 45
fiF $2 B ¥ A1 BRIEE (Binary Robust Independent
Elementary Features) —#EH#F4E A4 7, 32 B0 H #r
R, FAST Bkt 2 — Pl ol A 250 1 R7 E 20K
ML L2 ﬁ?%’%?ﬁ 5 HC AR B K B A 22 M
HEATAG I

ORB Rk i A 2 B 5 B T4 7840 I H 7 1)
R R, B e R B Kalman T X 38( A1 H bR AR AR
ORB $#AE & T/ ORB 5k A 3  G LF
SRJE A BFknn 533 AR 4 45 AE il i 7 X0 H AR AR
gL o I & S (TR W 7 ol LTS LTl 7 = A 1 5|
RANSAC F AR T FE 25 21 . fe ) 78 ik 1844 1
R R AE A A o 1 5 I A B DG DS TE 9 die /N A
JE AR WIAE I R DA E . ORB S0k B R8OR n
1 Fios,

NEL 1 AT LA L 7E 52 B E 5T,
FIH] ORB 53 % GE % w0 75 3 H AR AL .

K1 ORB &2 R ESCR K

2.2 Kalman Fil 2§
Kalman 3§72 20 22 60 AR $2 i iy —F
R G FAAGTTTFEDY L REE AR 2 A 4 B AR A
B — ik HARBY AT RE A B . R AAZ O AR
6 A 7 0 100 SO0 T S bR A i ol T £ A
MR AR, B RGORE MR X, FR.
Mo X, =[xsyi 00 0,1 s 20 My, REZFH
PRI OB AR v, Bl oy, 23 RoR 2 3 B ARTE « Hl
Ay B iz s R, e SR G UL R 2
MR Z, =[x,y ] . TEAETELT NAO ML
i N B FAR S BRI A1 P8 s TR] Ay AR 408 T =2 [i) ) Bsf
(B ] B A BT H H AR sl i BE B AR /N, i DL S
Uil BT (V82 RN R RS i IR N SR TP Xas B W E S
Y.
RN DR
T, =x,4 T AL » v,
J Ve =Y T A s v,
UV, — Upy
‘"U = Uy,

y

(5

+ 898 -

EXRGIREHERBIEE A ARG H

1 0 Ar 0
0 1 At 0
A= (6)
00 1 0
00 0 1
m 0 0 0
H= } (7
E X MI]E’JTD?’J“%%%E%&J\%I HQ R
m o o0 o
0 01 0 0 .
000 1 0
0o 0 0 1
1 0
R = [ } (9
0 1

IR A X, ABRBETE ) B ARG EAE «
B 0y A5 1) b AR PR FAR LB AT 4 DB R
Z His B EEA 7 MR E. PIiRR
ZEWN T ZETEIE P N

420 0 0
0 4* 0 0

P, = , (10)
0o 0 7" 0

0o 0 0 7°

2.3 Camshift & % rJ i

A S B B ) ORB R AF 55 #3E 47 H bR &
D, g S Xt H bR AL AL R AR08 It 2E 47 ORB A 1iE
BRI ] BFknn B35 V552 2 H A5 76 AU
ot ep 7 L R RANSAC 58 3 % VT e 25 3L 5 47
At . BT EC R4S 1Y B bR O EAE ARG R 1,
fifr itk Camshift B Fah @ th kA B, ORB H ik H
T A U AR A 2 TR

AR

v

H#R#R —» ORB ILELIH [«

FIFH ORB $LAARHL H A7 BB 87 1

|

BB R O

K2 ORB ST H e i 72



(F B R FEHL Y2020 4F 12 A4 41 #4556 11 E s 4. ATk Camshift %69 NAO MLE A B 473k 35
SR X iz 3 B br 547 B, Al Kalman 38 3% i &

Ve B iz 3 /Y 00 AL &, AR 4 500 07 8 ) dh Al
Camshift B¢ 5 5. B AR5 &2 2« . A0
Bhattacharyya &5 ) Wi B2 5 7 O g Use sk . SR
bR 32 B AH B0 €0 7 5% 1 0 S 200 B 2 g ol e B
BH ) ORB 8 35 VC it Kalman T8I0 69 24§ o i 16
X F H AR AR B iz Bl H BR 19 ORB FRRAE 552, B8
TEALA M b i 2 iz 3 HARALE . Y H AR 32 2 W) 4R 3
PHE K5 AT H Kalman 38 % 5000 H 45 14 7T fg 07
EAEULIIAL B3 Kalman 000 28 250, SC 8 H
b 25 BT A LY v B AR S B R AE B H bR . e E SR
TR 3 Fros

PR RE N

‘ FIFA Kalman sl 25 B b7 fr B ‘

v

‘ FIF Camshift LT HARfL E ‘

A L R B
S R T 1)
AR B R TFRIE

‘ HR4% ORB HFiE L HHTILAC H Arfr B ‘

v

‘ FIF Kalman SRR Z, ‘

#7

‘ ¥ Kalman Fii 3% 2% |

K3 ik Camshift B HAER

L FAR LB IR INT
(DA HARBERL 5
()RR ORB R 54 I A 45T it b A 79 432

3K DT e B i B bR A & AE AW I R 6 1

(DR Kalman 3§ ;

(5)FIH Kalman 38 3% 71 U iz 2h H A5 76 T — il
& T g 30 A

(6) 4% Kalman 0l A7 & #] 4f fb Camshift H
P B B B THIRLE Bl H AR Y B0 B

(TR g O LA e 67 8 7% 30 31 H AR BTG

(8) MR ## Bhattacharyya FE B 7 3 48 & 57 0
B S P . Bhattacharyya B85 H & H B WA~ €8
L7 PETTR) AR RR BL 1 32 (8 /N 356 B G A~ 7 1] bk
AL, FIW R

Bhattacharyya ZR%% A, :

Ay =200k, v q, (1)
i =1

Hr,n, ZiEdh Birry ok 5K, q, & 200
fige 328 DX S 1 €0 17
Bhattacharyya 5 d, :

dy= [1—>)/h, +q, (12)
i=1

HARRE—NEE T, , A SCHBEN T,=0.4,
B o, << T, W0 B R G 2 SR S, 7 D 5 B AN
W B

CO) T FE WS, T BR B 45 AR 3 Kalman 5
B SR 5 T BRI 2 R SR A 2R T G T T 4R S X R
— it AT ER R T

(10) WSS Y 8, TR ORB REAE A5 2 87 K
NI B NS R e i R SR O R VA R/l T = R 7 iU
FH Kalman B0 19 45 8 0580 Kalman i #% 2 %2
SR 5 I T BB 4 R AR 0 0 R A AR 4k S X R —
TR A7 BR TR

3 SEEREER M AT

3.1 EIRIRMIEWE

SIS 5 oA U5 ABLER N NAO, 3% H 41k
HBGSHAE B bR I AEME B, DL Python N
JF &1 5 1E OpenCV-python2. 4 BREE N IF & . #H]
NAOgqi &4 ALVideoDevice ¥4 45 FRE B 6 52 I}
PR e 3k ) 3 A R i o E AT AR . NAO HLgs
NFEHWE 4 Fios,

4 NAO L ANFEEHE

3.2 ERMSMH
Sh 0 AR SO SR B b B A e Bt

* 899 -



SEMICONDUCTOR OPTOELECTRONICS Vol. 41 No. 6

Dec. 2020

P S 56 T 5 AL €5 75 5 T D0 S 56 M AR G
S R P SR AP RS E Hbs . il 5 L 4
Camshift 533 BEATXF H 52 5 . MRE 1 A0 %E 2 9 A7
AT 7317

Y — AR O ST, &5 M6

(a) 5 31 M (b) %5 42 (o) %5 48 (d 5553 Wi (e)

) B ARATT 5] ARG B 31 T, 42 T, 48 L 53 M
65 MifE R % el 448 Camshift 5235 1Y R B2 45
WE 5 R« 242 gl 5 bR 2 AH LS T PR R
SRR B BRI X BT OR L A R AR B T
S Ay I — H TR ER T S BOR BN M .

565 it

K5 4445 Camshift 3555 IR B 45 B K

AR SCHCHE L B BR R A RN 6 TR« 2412 Bl
FI b 422 3 AL T D2 4y 1A ik 3 ok ) e B B i 11
A AT S5 B 3 6 Kalman 79000 19 07 1 [X 35 ik

(a) &6 31 i (b) 6 42 i (o)

o5 48 i (d) 5553 Wi

7 ORB FRAE s A I F8 8 H bn A 8 AR 4 3 R
) RS T AL A R R AL SR T SR
SE 1Y H AR ER B

6 AR SCRCHE Rk R 4 SR R

Yy HARE PSR, B 7 R 8 gl i 4%
BT R 5 R B 2R 37 ML 42 T, 48 WiT, 54 T, 68 Miff:
Xttt 4% 58 Camshift 5595 1 MR R 25 SR 0 &l 7
s AE iz 8 B AR IR RS AR L 5 H AR SEiE A B K
PR TR R P A L R T O R AR EE RS L 2 H AR
B 5E P B BT 10 T R A AT [ A —
ANAR/IN B DI B s R T A AN BE K A R

AR SCHUE B Y R R A5 SR AN 8 IR Y H AR
FE T 00 1 A (0 R P A L R T RE
k2R ER H AR 24 H AR g8 P, BRI
#| Camshift 895 3R (8] 19 B0 Ao B . {5 2 AT LA
Kalman FU # 5k #5000 H b5 A7 8 528 H AR R K
L X H bR ) 4k 2t IR

(a) %537 Wi (b) 55 42 i (o) %
Bl 8 A SCRICHE S ik R A R T

* 900 -



CESARORHL 2020 48 12 45 41 #4565 6 4

Eid %

A T #% i Camshift %49 NAO #LE A B 473k 57

SR TOX PR 1 ) B B UCR AT E R A A, S
56 v 3 5 0 I P B b AR S Y O L
RN E RO s 0 (B (T S I ER 3 0 7 iR
Zd=)U, —1" )" +U, —1")D", KFRBERL
Heo d MMEBN R R ERORT B B N
ik,

Yy 5 — AU 5 T 00 ol R 2E
K9 s . e Z AR SO0 F o /iR 22 WK
10 firzR . SEE a5 SRR W] A8 K A AR A5 5T
5 H AR P IE BT, A8 SCHGH ) Camshift 5235 (1
O R R ZE IR AR FRTE — BN K RIIE S R
Tl F A M ST H AR X8, A7 50T IR R 45
YT 1% 5 Camshift Bk,

140 S EOE Camshift 902|
o—otkBiCamshift Fik |-
ﬁ 100 I\[
i
g ;
'E' 20 A a0 "’S’[
: LT MR e
0 40 80 120 160
W55
B9 HMEAE R TR 2ER
120 |-—- %% Camshift 5%
|| o—o 1445 Camshift 57
% o
w80
i /
= /
E 40
g /
e mv:;wiz’i‘/w e
0 40 80 120 160
515
Bl 10 HrERRzER
4 gk

HAs e I 5 R ERH R B 2 iz i THLEE A A
JBE MR 55 M D AF U, BB BT Camshift 5
2 A B 92 I B R AOCR . AR LR B AR AR
455 ORB R AE &K I A1 Kalman 150 ) 24 iF 55
2 IRR N T AL AR Nz sh B bR iR . BB A
ORB Rk s K5 I 5 A5 78 AL A i b 1) 47 5 40 4 Ak 14
R R AR T 5T U BOR BRI
FIJH ORB 5335 58 i /€ 12 3 B b 19 60 & A 00
G T ARALE €35 S 0 T4 . 24 H PR Bl A R R
Ja s I Kalman 3§ 3 5000 H 45 09 7T G847 & 52 AE
H br 5B A 0BT rp i gk e X LR . SE IR 4 IR

FER AR SO R B A AR R 7S B T A E b g
P AT ZRINEE T L BE 0% % 2L Fa o Hb R 15 53 3h B AR
B A R T AL S Camshift Bk,

S E 3k

[1] & B. % W, BBESEREGERIT] AdikE®m, 2019,
45(7): 1245-1260.

Meng L. Yang X. Overview of target tracking algorithms[ J].
J. of Automation, 2019, 45(7) . 1245-1260.

[2] Bradski G R. Computer vision face tracking for use in a
perceptual user interface[ J]. Intel Technol. J., 1998, 2(2).
1-15.

[3] Chen Xin, Wu Hefeng, Li Xiang. et al. Real-time visual
object tracking via Camshift-based robust framework [ ] ].
Intern. J. of Fuzzy Systems, 2012, 14(2): 262-269.

[4] Huang Shengluan, Hong Jingxin. Moving object tracking
system based on Camshift and Kalman filter[C]// Proc. of
Inter. Conf. on Consumer Electronics, Communications and
Networks, 2011. 1423-1426.

[5] HE#fe, kb4, WRIY. & T Kalman W & 8 1Y
Camshift AR BER LT, o AR £E R 22 4. 2014, 22(4);
537-542.

Yan ] H, Chen S H, Ai S F. Improved Camshift target
tracking based on Kalman predictor[ J]. Chinese J. of Inertial
Technol. , 2014, 22(4) . 537-542.

[6] Qiu Xuena, Lu Qiang. Target tracking and localization of
binocular mobile robot using Camshift and SIFT[C]// Proc.
of Genetic and Evolutionary Computation Conf. , 2009: 483-
488.

[7] Xiao Xuzhang, Wang Jing, Shen Qiwei, et al. An improved
Camshift algorithm based on FAST-SIFT feature detection
matching [ CJ]// Proc. of Inter. Conf. on Information
Communication and Signal Proc. , 2018 64-68.

[8] LiJianhong, Zhang Ji, Zhou Zhenhuan, et al. Object tracking
using improved Camshift with SURF method[ C]// Proc. of
Inter. Workshop on Open-source Software for Scientific
Computation, 2011: 136-141.

(9] BRI, L0, ik, T Camshift Al SURF {1y H 47 B
BRG] WRALT RS 3. 2016, 37(4): 902-905.

Chan X Y, Zheng L. X, Pei H L. Object tracking system based
on Camshift and SURF[J]. Computer Engineering and Design,
2016, 37(4): 902-905.

[10] & #. 9k ¥. L3 SLAM Uil ABEE R sz [( M. db
A HF Tl AL, 2017 132-138.

Gao Xiang, Zhang Tao. Visual SLAM 14 From Theory to Practice
[M]. Beijing: Electronic Industry Press, 2017 132-138.

[11] Rublee E, Rabaud V. Konolige K, et al. ORB: an efficient
alternative to SIFT or SURF[C]// Proc. of IEEE Inter.
Conf. on Computer Vision, 2011: 2564-2571.

(F#% 906 W)

901 -



SEMICONDUCTOR OPTOELECTRONICS Vol. 41 No. 6

B B A A

1R AL8 5 0k 3 A B S FoE B (5 LR 5

E oY, RMa, HAN, ®OH', BBV, FEET, NI FE

(1. ERFEHARTFZEE, EX 400060; 2. HMIPERBERESLEE, FEK 400060)

 OE. AR MoR L AR R AR B X B AL PR T A T A48 IR F 4ok AR s g
HENBRERRT, EET MR A s F ERFRELRG T Y a, AR T HEBX
BARNTERSEY, ANESETFERBHARK, TR THRBEAEARKNGAEATR, ERE 7.4
THAER, £ 200 MHz 69 990 5 T 455620 A5E B TiL %) 127 dB » HZ7 . 8 A5 %38 B A H 7 %
RAML20dB. A XD EABMERTFHREEH B RARBET -2 RBELE,

KEWR:  WOOET s MOIIER JCHUHE KSR Wik RS

RESES: TNOLS; 0439 XEHS: 1001 —5868(2020)06—0902—05

Simulation of Large-dynamic Microwave Photonic Link Based on Phase Modulation
WANG Chao'?, YU Caibin', XIAO Yongchuan',
ZHANG Yu', QU Pengfei', LI Ruzhang®, SUN Lijun’
(1. Chongqing Optoelectronics Research Institute, Chongqing 400060, CHN;
2. Key Laboratory on Analog Integrated Circuit, Chongqing 400060, CHN)
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