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Research Progresses of Target Detection Technology Based on Deep Learning
LUO Yuan, WANG Boyu, CHEN Xu
(College of Optoelectronic Engin. , Chongqing University of Posts and Telecommun. , Chongqing 400065, CHN)

Abstract: Deep learning has become the most widely used technical method in the field of
computer vision. Target detection technology based on deep learning is a hot research topic. In
this paper, the latest research progress of target detection technology at home and abroad are
reviewed, then the advantages and disadvantages of traditional target detection methods are
analyzed and summarized. Then, several target detection techniques based on deep learning and

their merits and demerits are introduced. Finally, the existing problems of deep learning and the

development trends are discussed.
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Jid i ROT AR 245 2 — A [ RO By Ak 9]
F5 A B WA ) g 0 0 — A ar 2R AR A — A
[l 9 %5

Fast R-CNN A0 i 2 A4 - 1) ATy 2 4%
25 [ BEAT R A A5 BB A7 685 2) mAP (A T R-
CNN #1 SPP-net ¥J47 Jr $2 25 H 3T 55 10 8] 9 20>, 52 46
ZERINFE 2 PR D L R L1 9 24T 55
KeR B, 92 BB D BB 5 R 40 % 3L B AE I A
(Boundingbox Regression) it A ## £ B 2% PN &5, It
5 X 2K G IF L — A 2 4E 55 (Multi-Task) #2581,
AT S B0 1 e 3 BURRAE 38 31 1 488 g BAEL ) A6
ROR ., AR R Z A TE TR R A T £
FORAR T A 5 R AE % BRI AET

Softmax 4 | Linear + R
) J
EERER
753
{AI AI ROLALE
‘/wﬁ ERIRRHE
REUBNBX 5 . @it ConvNet

/ ﬁ AT i R Tk
ConvNet B

/
/ /

4 Fast R-CNN M 4% 48 4

LN

ARCA S B 7E Ubuntu 2 48 b 58 B
SZH R C B R XEON E5 2.4 GHz CPU,L64 G P
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¥ & F. ATRAFETH A AR RN R

f#, GTX1080ti GPU, M ik A9 % 45 & 7 5 A
VOC2007,VOC2010 F1 VOC2012, i 5 H 43 5
JE mAP {8 (B E A (9 47 58 09 VE A 8D | I 2k B[]
A s ]

F2 BEEFETHBIBI L

mAP/ % R S
Bk VOC [ VOC [ VOC u'!é}%ﬂj {m"{ﬂﬁ
2007 | 2010 | 2012 | /B | /s
R-CNN 58.5 | 53.7 | 53.3 | 84 7
SPP-NET | 60.9 | 58.2 | 59.1| 25 2.3
Fast RCNN | 66.9 | 66.1]65.7| 9.5 | 0.32

2.2.4 Faster R-CNN

Faster R-RCNN™/ & 7E Fast R-CNN [ [# 45 2%
P LA G TR A . A& 5 TR B P R
B — R XS I 45 (RPN %), A A ok
IHE 3 88 — 90 A Fast R-CNN R4, B T 4R AF 42 B
4r25llH, Faster R-CNN W5 A5 LT 4 A8
g3 DBERZE AR 32 WO R B RAE AR 2T 4 i 4
fik B &5F B 2) RPN ™ %% ( Region Proposal
Network) , HFR A 424 B 45, 7B FH by 4 77 46 32 1X
B 22 3 X 3) JRR R IX et £k 2 (RO
Pooling) « 1 FI 24 5 AN ) 2R /)N 64 i A 10 45 3 46 oy [
FE R RE B 540 4328 5 E AR T i i e e HE X
Iof iy TR ) 28 ) R i DX I 0 K W E . Horb, RPN
W 2% B 5| A J& Faster R-CNN B8 % I /b 7 1 1 [X 38}
FEIN B G B [7] B Al J2: X3 T Fast R-CNN iz 32 #
SR

BWX IR

AN GES

BINX M4 205 LA
& 5 Faster R-CNN [ £% 2244 &

Faster R-CNN [ 52 8t J5 B A2 - 1 2 G
A BRI 28 I 46 e, 3 2o R AE i RS B RRAE e A R
SRJG RPN W48 78 43 25 2 v 58 B DX 8 1) i 55 F1
ST, 7 4322 W R softmax #12k sREICRT L1
54 ¢ PR BT B HE TR X8 A A b AR R . IR T IR
D4R X (RO Tt Ak 23 58 BURF 6 356 DX S8t 5 S — A~
o] RO P R AIE 1) 6 17 2ok R O X A 32 DX 8 AT
ZEG,

Faster R-CNN 09 £ B8 5 7 T . 7 4k 7K Fast

R-CNN 50245 5 0 BETI 1, 5 2 T 0 2 2 4 2 25 M
W BBUR A T I R T 5 T
o B, 52 6 LKA 6 3 o

3 BEREEXLBHIFEITLL

mAP/ % . s
I45m | s
Bk voC[voc [voc | A |
/L |l /s
2007 | 2010 | 2012 | ™/ B/s
R-CNN 58.5 | 53.7 | 53.3 | 84 47

SPP-NET 60.9 | 58.2 | 59.1 25 2.3
Fast R-CNN 66.9 | 66.1 | 65.7 9.5 0. 32
Faster R-CNN | 78.8 | 77.4 | 75.9 4.3 0.2

2.2.5 Mask R-CNN

W& 6 s, Mask R-CNN"" fy 9 48 41 7, 45
— 2 2E M 5 Faster R-CNN AH R, JI T 43 4 & 44 3F
A T DI, B 9 g3 28 A B0 A A S AE R
i, Mask R-CNN #9459 HAK 53Ry 5 A8 43« FRAE
PRI 4% | B AE 4 A M 2%, X e # M 4% | RO
Align FITJREME M 45 . FFAE 4 B 28 1) 1 FH 2 X
A UG HEAT AR S BOT A2 U IR U . AR 4 5
o 2 B 20 5 AR I S 1A, DA T 3R B AN (] B AR AR
HE . XM 4R A4 E (Anchor) £ R SR #x
B B B B AE A7 L AR R A R (NMS)
1o g O E B B AE . ROT Align S — 451 A Mk
PR A Al B L E B 7R T R R Tt Al AR A
B 252 sk S DT/ e J ¥ R DX Tl vl £ L A i b
4 T 0, 88 v T A {7 468 3 A 1 M A 2 L S 0 Bl dn 3%
4R,

B 6 Mask R-CNN X £ 4 4 [&]

R4 BREEXIHRHIEIL

mAP/ % R .
ik VOC [ VOC [VOC 1“" Hind ‘m‘wﬁ i

2007 | 2010 | 2012 | /B | /s

R-CNN 58.5 | 53.7 | 53.3 | 84 47
SPP-NET | 60.9|58.2|59.1| 25 2.3
Fast RCNN | 66.9 | 66.1|65.7| 9.5 | 0.32
Faster RCNN | 78.8 | 77.4 | 75.9 | 4.3 0.2
Mask RCNN | 79.7 | 80.3 | 81.4 | 2.2 0.1

Mask R-CNN M2 94 S 7T . B A Faster R-
CNN W2 pg SLfik b3 0 T B bR iR 78 i of &L 98

e 5 .
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TR — > X G 10 25 ) A JRy 32 AT G 4 o DT A6 745 X% H
i B 25 6] A Jry 4 RCBERS Al . LB TR T Mask R-
CNN H Faster R-CNN =17 EM& .0 5 /s,

2.3 “BME"E

2.3.1 YOLO
YOLO(You Only Look Once) ™" J&—Fh % J|
] U1 5 s 7 o 2 v E PR A DU R . I BERE R TR

BHEWUHE | A5 2 — R B AT 45 3] 8] 09 47 B 15
BARGMEE . mE 7 fiw, YOLO £ A 4544 3=
BAFE 18 N ERIZ 2 DML EEE UKL 6 Mk
2. BRUZER R B A B RE(E B 42
45 2 B AR R B W A 7 RS S A AR R
b Ak 2 09 A A O ek R iR R R F (E. YOLO
IR SR FH R0 05 43 A 9 7 9 T3 T 2 A W sl v A

s
= [
HMEEE,
BRE
TXTx64x2
BRE
\ e BHE 1x1x128 BRE
222 3x3x192  3x3x2s6  1X1x256,
h\ Wi Ixix2s6 ~ 33x512,4  BBE
\ 2x2:2 3axs12 X512 1X1x512
3x3x1024 3x3x1024] 3

112 izmzt)f— MW 3x3x102 B
3 56 ﬁ 2% 2 3x3x1024+2 g ; :g:: 2BE e
B PRI s i ¥ 210

1024 7 1024 7 1024 4@96 730

B 7 YOLO M2ty &

YOLO By 52 9 )5 302« AR B — iR R 3 R
S XS A-RHE A0 H A A% i e % #E WA D)
Do A% T X ARG R T G LR AR
BEAS RS T BT N A~ 30 FEAE L DA i 4 2R o A
WOROME B B AR AR (s oy, ws b)) IR (S E
Confidence,

Confidence = Pr(Object) X IOU
Mok WOH bR Y& E R 0 W OA% N R,

Pr(Object) =1, WL 0, 55 35 g FUI /% K ) HE
S BR AR M HE 22 8] B TOU 8, %% 4 — 4> M A%
T BT — 2 5E B L iE N M 25, T W) 4% fie 2 i
Mgk S XS X (5 X N+ M), Ll PASCAL
VOC $da 4L ], BHGR s A 448 X 448, L S=7,
B=2,—3t4 20 25 (C=20) , W 4 5 19 5K &k
7X7X30,

YOLO B85 A6 T 1D 244800 2] H 454 1k 2 1)
F14 B A B 00 LR B /N B A D AR R A 25 5 2) A
H AR 4 10 I A2 5 H A A 20 B, 1208 A 1 02 Ak R
VIE TR
2.3.2 YOLO v2

YOLO v2"" BT YOLO WL &, LAk — 2

$ETHH AR YR 0 5 o HE 0 B RN 23 28 HE A B O H BR 4
WA, HARR S S T .
DF] A& H — 1k (Batch Normalization) , ££
—NERZ R At &0 — 1k, B A TR
I 2% 1E D) Ak 9 AR, I LB T I 2% Y Wi Sk
S AER KL mAPRE T 2%,

2) 5l A & 41 B R 4y 25 4% (High Resolution
Classifier) , KZH 585 h iz 1 v KON /N T
256 X256, 1 YOLO v2 43 M 4% DL 448 X 448 11y
Gy PERAE R 2 b AT OM L S S5 R R B, mAP $i2
FT 4%,

3D ER T YOLO hiy—"Mifb)Z . B 7E T fig
{30 3ok A5 AR S 5 R O PR I AR AR AR R

DR ZRENZE, YOLO v2 2 7E 4R f e
WUAR P 25 2400, M 2 2 BERL I 45— ST 0 18 RS E S
HT R REESHON 32, Bt M 2523 LA 32 A 4 { 320,
352,608 ) R AL N SIS R R W] kA
F RGN R G A7 Bk i A B RSP Bk
A e DR A

5) 5] NG Anchor Tl i1 FHE A8 45

6) 2k H K-means 1) J5 X % Il 25 % 9 Bounding
Boxes 2R, i 4% #1538 19 Anchor Box.

2.3.3 YOLO v3

W 8 iR, YOLO v3™* 32 52 1 i ik A5 - I %%
T LSS5 s ) 22 ROBERRAE R4 T B AR AN 5 H AR
25k H Logistic BUL T softmax,

1) Darknet-53 WM 4% 45 #). YOLO v3 % T
Darknet-53 P8 2549 (& 47 53 MNERUZ) E% T 5%
# M 4% (Residual Network) i ik , 75 — 46 2 2 [A]
T PR EE K (Shortcut Connections)

DM Z REEFEFEAT HARF I . YOLO v3 R
FH 3 AL ROBE R AE 1R 58 i H ARk I . 35 — Fff
FRUBE 2 A T i I 245 05 15 A B2 O A A
K5 5 TR RS R S — b RUBE o B R R
BHE FRNE,HS5&E—1 16 X16 K/NEMEE
AHIN, Fe S5 38 3 2446 FRUS i H0 G0 FHAE AR S L s Y
RO —FhRBERY 2 %, [ 3, 58 = Fh R 558
TR RCEE B9 b 7 XA T 32 <32 R/ BARAE
B 28 =R RO 258 R R 2 1%,

3) R Logistic X} H AR 474328 £ 2 15 A9 W
2R softmax J2 X BHR #4743 25 . H By T 55 B
Y AF 1 242800 L softmax TGk 43 HF 2 Fh 26 51,
Logistic 72K 7] LAFEAT 2 05 2 7328 AT $2 1 73 26
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g
S
L

TR F 3T 00 B AR M R 0GB R 42

F1%) Y fe e

YOLO v3 BHL £ AE T - T AE 8 A o i b Ao 00 oy
/NI B bR B AR AR T, (H 5 ToU
3K, YOLO v3 iH %U%Miuﬁfﬁr“/\ﬁﬁﬁwk

/Scale}
y Stride:8
+
33
B /
B xnE 8 | 4
¥R ) cale /
8y :trllde132 _//
K(« ’m i M’{_ﬁ
36 9 v
<
B 8 YOLO v3 W44 1 &
2.3.4 SSD

WmE 9 Fr s, SSD ( Single Shot MultiBox
Detector) 537 (il 52 BRI R R - 76 15 55 1 LTl I 4%
(N VGG JF XM T 5 AN BFZE TR RRAE B 1 R
MK D . XF 5 A FRRAE B AR 2 A
W 3 X 3 1% B EAT 6 U AR, B4 e 0 4E
(Default Box) 4 B 21 4> 28 il 1 & 1% (A A 4 4> A6 A
H(x,y,w,h), BG¥ 5 MFER EgsE R REH )5
AR R, SSD HIEMFF S ET - DRHAZR
JEERRAE TR . XT8N BRI H AR T AR
{18 R iE LSkt A A S i 22 A R G I L s T
BN R AR BT AT RGN, AT R AR RS B
2)SSD # T 3 31 35t A Y11 5 N4 4 T A4S IDKS 3 Y
Ivi) B A 32 i v 1 ARG Tk B, L AU 43 R i A R
G FRORAR G  3) W T E . A HoCiR
i N Rl = A N WO o B I
(Bounding Boxes) J& DL X &5 5l 56 HE b FE i 1Y), £ —
SETREE L REAR T U250 2 5 4) I 36 B R A7 46 00
SSD SR HI 4 FUXF AS [ 1) 45 AiF [ R 41 BOAG: ) 25
XFEi A 300 X300 1Y BIR . 7E Voc2007 4 4 I i
R, fE 9% 4 %) 58 £/s(Titan X i GPU), mAP
R 72,100, SRR IR 5 PR,

SSD B3 By B S AE T2 D) B TR R 2 1055 E &
W2 ST A Sy 43 2 I 24 ) N ZE ARG D0 R A [R] ) R
I 2 S ] 098 ARG 00 ARG 000 2 Ok 5 2) X6 /N RS
I H A A D R A Rl — AR

VG616 p——
533%: Conv:3x3x(dx(classest4))
[ 532 Conv:3x3x(6x(classest4))

A IH)

,,,,, | L SN 5
3 512 1024 1024 51: 25¢
.....

55"‘2“ 111014 1125 1113 11us 1113

Con
Ssdina -‘-‘16‘25525155 261

Kl 9 SSD R 45 2k K

RS5 BREEXWHIEIL

mAP/ % . o
Wk VOC [ VOC [ VOC U'!g’%uqt ‘mu‘ﬁm
2007 | 2010 | 2012 | F/h | F/s
YOLO 63.4]60.3|57.9| 3 2
SSD 76.8 | 75.1] 74.9 | 2.5 1.5
YOLO v2 | 78.6 | 76.5 | 73.4| 2 1
YOLO v3 | 79.6 |79.8 | 80.1| 1 0.05

SN = R 7 RIS GRS

3.1 BERERENNEREES

H A I 50 2 5 F T 0 5 IRk i g
FHF BRI GNSEFE 3 1 B bR i 5 5o 5 &
A 5. PASCAL VOC, ImageNet, Open-Images
3.1.1 PASCAL VOC

PASCAL VOC™ (PASCAL Visual Object
Classification) £ 48 J& H #5185 551 40 35, b £ 28 4L Y
BAR Lz — T HARK I 7326 %155, g
10 Pi7R ,PASCAL VOC #8200 28 7] 4%
%A% 517 000 KL FI 534 000 MHEBEXT S, &
R R AR U G 50 E 4R IR AR L 2 H AR A 45
hﬂi#ﬂi%ﬁ’]f&ﬂ%’%zé

K 10 PASCAL VOC %i#i 4

3.1.2 TImageNet

ImageNet™" J& H fij H 5L b P 4% 30 51 45 38 5 K
AIBE 4R . W 11 FroR  ImageNet £ds 5 8 4 A
1500 JTakE A o0k 2.2 D72k, e —k | ¥ 4%
i N TR A% Ot 18 S AR . i T RO B A 2O
EVIEE Rl RUPATIES Y€/ TE L S NI



SEMICONDUCTOR OPTOELECTRONICS Vol. 41 No. 1

Feb. 2020

Kl 11 ImageNet £ 4E

3.1.3

Open Tmages' ™ S22 HK 2 7] & A6 (15— 4~ H 900
T3 5K P 2 R B L 3 R AR T S R G
PR FXT G FAE . Qi 12 Frs % T X5 2k AT
55 2R 191 J7 5K BB AL 72 600 DRTRE
B 1544 T3 A TR i FUONE B s AR R
RABRKNOEN RN EEBRNBIEE U2
DX E IG5 CEEABBA 8.4 Mrid).

Open Images

Kl 12  Open Images $(4 £

4 BT UREE S 2T By H b b I 37 5

4.1 TAKN

VRG22 B I IO 2R 90 AR B M 4 = AT AR TN ) 7
M FEMN TR BT IEERR A GG R
TES 28 W B 578 Ak O RO 3457 Jg 38 3 1 iy 388 4 55
KR A% GE AL A% 27 > JF AN e 35 ) JRAR Ay 401, B
PR 3 TR B2 2 20 B AT AR Jr i A #E  T Hah
RS . Wang 28 N5 B0 W 5 000 b A5 A 22
TEH S0 50 b SR AR — S I AH BB P4 A n) 8, £2 ih
T T S 1Y) A FAE (R UE e H AR 0 R
oo SEHRAE 3%y Al O HE e 2R I g AR g
T BETEReH )k I HEEH E W A B %
M, Liu % AU AE CVPR2019 K4 B4R T —
T S SCRRAE AT A A T 7 3 B0 A7 AR 47
N B HG 13 A R A RUBE (g BE) B Ak Ry v G SURFAIE
5L Sk A B o BRI 4% AR S e
L E (Center Heatmap) F1 8L 4 K /N /& (Scale
Map) , 5 J5 15 2] o s A bR F5E S, BRSO R 1 47
N SEEUENT 207 1 RS MERR AR U 3 AT N .

.« 8 .

4.2 EZEGH/N

ANTF T A5 GE i 1 AR G AG I, 2= 2 PRGOS I 2
Bt o i — P B R — 2R R 2 ) R L 2 A A )
FTRE I R A2 A D A 0y A AR B 1 25 ), L okt
FET D BRI AR R B AR K 2) A
W A8 H AR TE S 4 55 3) I AR 4L SV R
AR AU E 22 B/ . BE S AR A W Y 3 5 AR
N1 SR H RS PR T AR X R AT A E SR AR B
X 38T 52 AR AE 4R I, f /AT 4038, Quellec 55
) R b 26 W B IR 56 T CNIN A% A5 K
05 A SR SRS 43 AT 5 3k ok A DN A R 2% ) v
EAE AR R A BRI AT R 3 3 7 Y1 25
ConvNets [14 i) i 3 5 A8 57 Tl (10 550 28 3k 48 0 ]
ZNF R . % A Kaggle % (0 R E KGR
DUV PR 955 1 200 DX i 73k ik 8 s 4 bk As T AR 4r
AUSE . Li 45 A X B2 24 R v A7 78 B0 4 A
22 5% HB0GE N BE T B 25 1 n) A, 48— R CLU-
CNN J 3 )i AE 42 , & 1 A 5 S I Y1 25 FLAE /N 8L
P 45 B R A i 4 R R0 B 1Y) 52 £ B
4.3 ANEE#

NG 0 s 52 B G R BIMAT: 55 op 28— A A
T NG I g R B T NS R SRl . Li 4R
NP G T 22 A8 B RBE RS IR LR
FE A5 1] fB0 - SORG: TN 6 A6 UK 19 i) B, 488 8 — o 343 52
AN 25 . 32 SCH BB ASAE T4 AL BT I K
T i) 9 = A4S S AT T A PR AE 2 2T L ik 2 6
R PR DL B T s o BE i SR 8 . SR AE
WIS 3 2 10 NI K s 48 WIDER FACE #1
FDDB [ 5 A~ PF 0 4 B 1 ¥ 37 7 24 i i i 5 a0
5. Niu AU BE 3 H 89583k 2 6 F AR 8h
TR A ol 553 14 8 T e B LA B S ) AR 22 ) 22 S A )
R, A — A S G 36 2 3 1 1 SR 3 56 FR 24 20 5
T 38 3 704 R AR [ ARG JR 3 DX 3 22 i) 79 56 3R ik
— A i A AR [ X3 1 =) 3 A E 1) SN BB 7, O
BT NG AR AR B A L DU 30 A 53 ok e A 3% 3 S 14
R 3o R e NI B4 TR AR A B 5 i 2 7 4K A5 5
A HI5 F1 Rz Ak BE T 0 NG TG Bh A 2 . i
16N 2 3 28 6 0 %4l 48 BPAD Fl DISFA | i
T80, 85 R WNZ O A T A 5 b 50

5 TR~ HARKL AT AE Y ] il
5K &5 16
4 45 36 T A 0 4L B3 2 5L A 518 30T L
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F b T AR . H A B AR R L I
02 < 1) 56T/ E R 90 R i T 30 1% 2
B AR R R T AR A B A7 DA % X 43 B 14 o
5 FBR M AN AR LB A I B 90 P 5 [ B 3 A 4
T OIS T e 38 2) SN A 0 5 A0 B, %
1 0728 0 0 2 0 % i b R ) SR A
0 B 0 B 0k — 4 B 5 R 0 B0
O R 2 T 5 3) 5 /N B TR 5
SR RIS 2 T 15 T W S 1 U K e
HIEAT I L SR 5 A MR SIE AT R L R SR M O o
Fl 5 5 B (LG, UK 132 0 B A 50— 45 )
5 T VR 2 = 00 L K 0 T 945 2 0l 45
S 22 AR IR 9 W B OB 0 T v
A% 3ok 5 L HE T G B T 19 4401 26 10 RE AR

ST 1 100 150 % 30E T A 5 T 5 3o A S0
TR 2 5T 1 E A7 K o 5 JR 7 1o et 3

DB 44 40, /I B BR A ARG T L4
T 25 AL 2505 50 1 0 o 0 7 3% A T 8 2 5 16
SR 2R AR B Y SRR 00 TR0 46 g 1 e 0 T
B 2 3] 5 AL 07 i AT 45 A L B0 T AR AR BT AR A
S A 5 2) T R B PE RTE , RE 2 ST R
OB R T 24 5 g 5 2 5 5 A L B W 5B
1o 0 1 22 76 A R R 4R R A B
P BEAR T L AU 38 4T 2R IO 5 25 7 11 5 9
ERAEAS AR 5 3) I 4 T OB R . X
NIRRT 3 SR T T B 0 7 2% A6 68 RAE
B IR B L XU 4 190 46 9 1 246 R i 26 5
TRIE R RAE 2 T SR 6T R BT 7T A
R FH AT 005 7 7 e A T A4 52 B 42 9 o 2
B I 52 B 253 R T MBS 22 B e 0 o 400 1 4
WSR3 A BB L 4R A S g
TR B 2R BV H 534 L B AT TE B A s 0 %L
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Abstract; Micro-grating accelerometers have the advantages of high precision, low power
consumption and small volume. It has wide application prospects in the fields of inertial
navigation, oil and gas exploration, and seismic detection. In order to suppress cross-axis
interference, a micro-grating accelerometer with double-layer cantilever structure is proposed.
The ANSYS finite element analysis shows that the designed double-layer beam structure can
effectively suppress cross-axis interference. The modal separation ratio is increased by 13. 5 times

compared with traditional structures, which effectively improves the resistance to high-order

mechanical modal disturbances.
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Abstract: Combining the methods of multi-physics finite element analysis and theoretical
calculation, a unit structure of 12 pm X 12 pm microbolometer was designed and simulated by
Intellisuite software, including: 2D layout of unit structure, process design and 3D accurate
modeling of the unit structure. Based on the material parameters of actual MEMS structure,
finite element simulations were performed by electrical and thermal-couple multiphysics. The
main thermoelectric parameters, response time and response rate of the detection unit were
obtained through simulation optimization. And the thermal conductivity of 4.31X107°% W/K,
heat capacity 2. 69X10 " J/K, voltage response rate of 7 200 V/W and the thermal response time
of 6. 24 ms were obtained. The proposed micro-bridge design can improve the design efficiency
and accuracy effectively, shorten the development cycle, and meet the design requirements of
ultra-large-scale small-pixel uncooled infrared focal plane detectors.
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T BL & 12 InAlAs/InAlGaAs E A
T _IRERBBRRRS S

KoK, HRlg, REE, B %, E L, XNA, EXE, ELF, mHIT

(BERFXEHARFIEAH, EK 400060)

W OE. F£RAETHABEEN InAlAs/InAlGaAs TH A S B EF M _REB L AMS @
AR EGTARTTHRON, SR DJIHEA,H A Matlab 244 331 & 769 & & o i
ATHMAA . FGAEFRTEREHNERRE N FEABLLSRES B RLANTR, &R
AP HMEBELAEIERATRELA. MELBREA, EIHEEMREIOV R, ZEBH w0
BEHMBETFER], EFELATERETEF.FHRAFABTEREMNERRE N 4%
100" mP R R P B8R E Nypare D4 7X10° m™, TS A LM B EIERLRT
InAlAs/InAlGaAs 438 R #= InGaAs BK R , m Bk KR8 ER Y Bl hs 22k 8 T4
Ji % InAlAs/InAlGaAs /23 X

KR : InAlAs/InAlGaAs FHDGHE AR s WEr i R0 T FB U e e 4 B R 2 i it 5 G5
b e B2

FESZES: TN312 XEHS: 1001 —5868(2020)01—0020—05

Analysis of Dark Current Components of InAlAs/InAlGaAs

Cascade Multiplication Avalanche Photodiode
ZHANG Cheng, HUANG Xiaofeng, CHI Dianxin, TANG Yan, WANG Li,
CHAI Songgang, CUI Dajian, MO Caiping, GAO Xinjiang
(Chongging Optoelectronics Research Institute, Chongqing 400060, CHN)

Abstract: InAlAs/InAlGaAs cascade multiplication avalanche photodiode was fabricated
experimentally. The dark current of the diode was studied and analyzed with the change of the
diameter and temperature of the mesa. The components of the dark current were calculated by
MATLAB combined with the dark current function model. The effects of defect concentration N,
and surface recombination rate S of the chip structure on the dark current were simulated and
studied. The results show that the dark current of the diode mainly comes from the body dark
current, not from the surface leakage current. The defect-assisted tunneling current I, affected
by defect concentration dominates the dark current at 90 V bias. The defect concentration in the

“? and the defect concentration in the absorption region N pc.a. is 7 X

chip structure N, is 10" m
10" m~’. Because the defects mainly come from the InAlAs/InAlGaAs multiplication region and
the absorption region, and the proportion of the defects in the absorption region is very small, so
it believes that the defects mainly come from the heterojunction InAlAs/InAlGaAs multiplication
region.

Key words: InAlAs/InAlGaAs APD; dark current; surface leakage current; trap-assisted

tunneling current; defect concentration
KRB :2019—10—15.
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Study on High Temperature Characteristics of F-P Fiber Temperature Sensor Based on Sensitive Film
GAO Xiaodan', PENG Jiankun®
(1. College of Electronic Information Engin. . Wuhan Donghu University, Wuhan 430212, CHN;
2. National Engin. Lab. for Fiber Optic Sensing Technol. , Wuhan University of Technol. , Wuhan 430070, CHN)

Abstract; According to the temperature sensing principle of the fiber optic temperature
sensor and the stress characteristics of coating, the theoretical model of the thermal stress
characteristics and its influence for sensing characteristics was established by using the
characteristic matrix of thin film. The thermal stress-temperature characteristics of the three
kinds of fiber, inculding sapphire fiber, pure silicon core fiber and multimode fiber, were
compared by analyzing the thermo-optic effect and thermal expansion characteristics of the film
and fiber. A thin film formula for high temperature sensing probe was designed. And the thermal
stress-temperature characteristics of each film layer of the formula, as well as the critical load
stress characteristics, were analyzed, thus the critical load stress value of the selected fiber can be
determined. By simulating the spectral sensing characteristics under different stresses, it
provides theoretical basis and support for the stability and reliability of sensor-sensitive probes,
and improves the efficiency of sensor development.

Key words: fiber optic sensor; thin film; thermal stress; temperature characteristics
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Analysis on Error and Noise of Resonant Fiber Optic Gyros
MET Su, JIANG Zhiguo, HU Zongfu
(School of Electron. and Information Engin. . Tongji University. Shanghai 201804, CHN)

Abstract; The generating mechanisms of the main errors and noises of resonaor fiber optica
gyroscope (RFOG) are analyzed, and the analyzing models are established. Combining with
specific gyroscope parameters, the equivalent angular velocities of the errors and noises are
estimated, and the relevant restraint measures are quantified. Taking bias stability of 0. 1°/h in
the RFOG as an example, to suppress the backscattering noise and the back reflection error, the
requirement of the carrier suppression level should be as high as 112 dB, and to suppress the Kerr
effect, the light intensity difference between CW and CCW should be controlled at 3. 86 nW or

less. The gyro bias stability caused by the uncertainty of the earth magnetic field direction is

about 0. 7°/h.
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H E:, ATEAATFTARAGELL AR TOZEIREAR . ZHT—HELATABES
FHRERGAETRRAEG(SPRPCOHFFERERSE, RHAFNTAILENATLHI . 208K
B RAQERLINEFE R B AN Y@ E A, A AR RTEZHRMSE COMSOL #f SPR-PCF 4%
REMAFHEERITHEENG L, FARREN DI HF kL KFLH B4 EHELE, B
EHGEHALKRE R SPRPCF B B RFEREITHON, FREREAN.LHHENZT KR
A 1.31~1.38, mAKEZHAA 10" nm/RIU, & K Ikt@ Z4E A 200 RIU ', 37 4+ F w245 &
#4 2.94X10° RIU,

KER: LTI RIEGE TIRILR iR ARG JLLFE K

FESES: TN29 XEHS: 1001—5868(2020)01—0035—04

Design and Analysis of Photonic Crystal Fiber Refractive Index Sensor Based on Surface Plasmon Resonance

WEI Fanghao, ZHANG Xiangjun, TANG Shoufeng
(School of Information and Control Engineering, China University of Mining and Technology, Xuzhou 221000, CHN)

Abstract: A surface plasmon resonance based photonic crystal fiber (SPR-PCF) refractive
index sensor with high sensitivity and wide refractive index measurement interval is proposed.
Using surface plasmon resonance technology to measure the change of resonance wavelength
through the fundamental mode loss spectrum to achieve the purpose of measuring different
refractive indices of the substance to be tested. The main purpose is to arrange the air holes inside
the fiber into a hexagonal shape., and cover the gold layer on the outer side of the fiber, and
contact the circular material channel to be tested. It not only helps to accelerate the surface
plasma reaction, but also has a simple structure and is easy to measure. The wavelength range of
its operation can be adjusted. The simulation results of COMSOL show that the refractive index
measurement interval is 1. 31~1. 38, and the maximum spectral sensitivity of 10 000 nm/RIU can
be obtained. The resolution is 200 RIU ', and the refractive index accuracy is 2. 9410 ° RIU.

Key words: photonic crystal fiber; surface plasmon resonance; refractive index sensing;

fiber optic sensing
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Abstract: Solar-powered airships rely on photovoltaic (PV) array to provide energy, but
the non-uniform illumination caused by the curved surface leads to energy loss of PV array.
Genetic algorithm is introduced into the research of PV array optimization. By optimizing the
topology of the PV array, the mismatch losses between PV modules are reduced and therefore the
purpose of increasing the output power is achieved. Firstly, based on the single diode model of
PV cell, the simulation method of PV array is given. Secondly, an optimization method based on
genetic algorithm for PV array topology is proposed. By coding sequence, PV array topology is
converted into chromosome coding, and PV array topology is optimized by the crossover and
mutation of chromosome. Taking a solar airship as an example, the simulation shows that the
average output power of the PV array increases by 2. 32% after optimization. The simulation
results show that the proposed method can effectively improve the output power of the PV array.
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Integral Circuit Design Based on Graphene Detector
REN Siwei', SHEN Jun®, LIU Changju'
(1. Chongqing Optoelectronics Research Institute, Chongqing 400060, CHN;
2. Chongqing Institute of Green and Intelligent Technol. , Chinese Academy of Sciences, Chongqing 400714, CHN)

Abstract; In order to solve the problem of photoelectric detection of graphene detectors, a
new integrated circuit structure based on graphene detectors was designed according to the change
of resistance of illuminated pixels of graphene detectors. The integrated circuit structure mainly
includes front-end bias circuit, operational amplifier, switch and feedback capacitor. The circuit
mainly utilizes the characteristics that dark pixel resistance does not change with illumination,
but the resistance of photosensitive pixel changes with illumination intensity. The current of
photosensitive pixel branch under illumination condition changes. And the difference of current
from photosensitive pixel branch to dark pixel branch is taken as the light response current, and
the CTTA integral circuit is used to integrate the current. The light response current is converted
to the integral voltage, and then the detection and output of the light response signal of the
graphene detector are realized. In this paper, the related main circuit design is analyzed, and the
circuit simulation is completed based on the cadence ADE simulation environment. The
simulation results show that the photoresponse of graphene detector under different illumination
conditions can be converted to the corresponding integrated voltage with the integrated circuit in
this paper. Therefore, the designedintegrated circuit can meet the needs of the graphene detector
for the detection of light response, and it is of great significance for graphene materials to enter
the field of photodetectors.

Key words: graphene; detector; near-infrared; integration circuit
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Semiconductor Laser Rate-Equation with Temperature Parameter and Emulation Solving
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(Chonggqing Optoelectronics Research Institute, Chongqing 400060, CHN)

Abstract: Based on classic rate-equation, by introducing the thermal effect, the rate-
equations with temperature parameter correction were obtained. Then by using Simulink
software tool, the nonlinear differential equation was simulated. Finally taking the parameter of a
distributed feedback laser as an example, the transient solution of the rate equation under
different temperature, bias points, and modulation signal was obtained, and based on which, the
characters such as relaxation oscillation and frequency chirp were analyzed. The simulation

results match the transient performance of this type of laser, and can provide reference for laser
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design and applicaion.
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Research on The Feed-through Effect of Micro Multi-ring Resonant Gyroscope
TIAN Mengya, ZHANG Weiping, GU Liutao, LLIU Zhaoyang, XUE Bing

(1. National Key Lab. of Science and Technol. on Micro/Nano Fabrication, Key Lab. for Thin Film and Microfabrication of
the Ministry of Education, Department of Micro and Nano Electron. , School of Electronic Information and Electrical

Engin. , Shanghai Jiao Tong University, Shanghai 200240, CHN)

Abstract: In the test process of the micro multi-ring resonant gyroscope fabricated with
SOI slice, it is inevitable to introduce the feed-through signal. However, the feed — through
cancellation method based on differential detection which is current commonly used is highly
dependent on the symmetry of the micro gyroscope and the detection circuit, which cannot
effectively eliminate the feed-through signal. In order to solve this problem, a feed-through
cancellation scheme based on the inverting signal is proposed, which can eliminate the
interference caused by feed-through effect by applying the signal which is opposite to the feed-
through signal between the driving and the detection electrode. In theory, this method can
completely cancel the feed-through signal without reducing the driving force. Experimental
results show that this method can effectively eliminate the influence of the feed-through signal on
the capacitance detection, and the resonance peak height can be increased by about 25 times.

Key words: micro multi-ring resonant gyroscope; capacitance detection; feed-through

effect; electrical model; feed-through cancellation
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Research on IRFPA Non-uniformity Correction Algorithm Based on Human Visual Characteristics

DAT Shaosheng, YI Weinan, NIE Hewen, YANG Yu
(Chongqing Key Lab. of Signal and Information Processing, Chongqing University of
Posts and Telecommun. , Chongqing 400065, CHN)

Abstract: Infrared focal plane devices generally present non-uniformity problems, and
implementing non-uniformity correction on IRFPA is of great significance for improving image
quality. The traditional IRFPA multi-point correction algorithm is of such problems as large
amount of computation, low real-time performance and poor practical effect. Therefore,
combining with the human visual characteristics, a multi-point correction method is proposed for
IRFPA non-uniformity. The human eye vision has a threshold limitation on the gray resolution
capability of the image, and with this resolution threshold, the calibration point of the IRFPA
can be effectively compressed to generate a pixel number-correction coefficient table. Then, the
IRFPA non-uniformity real-time compression correction can be implemented by looking up the
coefficient table. The experimental results show that the proposed algorithm has better real-time
performance than traditional algorithms, and the non-uniformity is reduced by 0. 203%.

Key words: IRFPA; non-uniformity correction; human visual characteristics; multi-point

correction; DSP
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High Wavelength-selective Ultraviolet Detector Based on Ag-nanofilm Ohmic Contact
LIANG Zhibin, ZHANG Qixuan, XU Chaojun, ZHOU Yugang,
LU Hai, ZHANG Rong, ZHENG Youdou
(School of Electronic Science and Engin. , Nanjing University, Nanjing 210023, CHN)

Abstract . Conventional semiconductor ultraviolet detectors have a wide wavelength
response range. However, applications of ultraviolet light are generally highly sensitive to
specific wavelength range, such as 320 nm ultraviolet light is used in medical light therapy.
Therefore, development of wavelength-selective ultraviolet detectors is of great significance.
Using GaN-based p-i-n ultraviolet detectors with Ag-nanofilm as ohmic contact and wavelength-
selective transmission layer, ultraviolet detector highly selective to the 320 nm band ultraviolet
light is successfully fabricated. The peak value of ultraviolet light transmittance with 70 nm silver

layer is higher than 30%. The dark current of the device at —5 V is of the order of 10™"* A. The
peak responsivity of the device reaches 0. 06 A/W at 325 nm, and the full width at half maximum
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is about 30 nm.
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(1. BMKE MIBEEEITREFER, @M 350116;2. ARRBEKRF BEFE, AR 710049)

W OE: AH T HATEZAARAMNEAKLE/HE S ZFB LED shE A AR R it 8y
LED % B T 24 & T &1 % Micro-LED % B 3] ; & Micro-LED % B #= CMOS 3R )% K & @&
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Design and Driver Implementation of High Resolution AM Micro-LED Display
LIN Jiehong', NIE Junyang’s ZHANG Yongai' s ZHOU Xiongtu', YAN Qun', GUO Tailiang'
(1. Institute of Physics and Information Engin. , Fuzhou University, Fuzhou 350116, CHN;

2. Faculty of Electronic and Information Engin. . Xi’an Jiaotong University. Xi’an 710049, CHN)

Abstract: In this paper, a high-pixel micro-LED chip array was prepared based on a blue/
green multi-quantum well LED epitaxial chip based on gallium nitride on sapphire substrate by
using mature LED chip technology. Metal protruding points were designed and prepared on the
surface of both micro-LED chip and CMOS driver chip, and good bonding between LED display
chip and CMOS driver chip was achieved by adopting high-precision inversion welding process,
and micro-LED display with resolution of 640X 360 was successfully prepared. At the same time,
the driver system of micro-LED display was designed with FPGA as the controller. Then the

driver system can cache the input image data and process it into monochromatic image data which

can be received by the display, and finally writes the processed image data into the driver chip to
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realize the image display.
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Sensitivity Enhancement and Encapsulation of Fiber Bragg Grating Temperature Sensors
WANG Fu'?, JIANG Huai'?, YI Xiaolong'”®, XUE Yuanze'?, TANG Caijie"
(1. Beijing Institute of Aerospace Control Devices. Beijing 100854, CHN;
2. Beijing Engin. Research Center of Optical Fiber Sensing System, Beijing 100094, CHN)

Abstract: In this paper, the sensitized fiber Bragg grating temperature sensor was designed
and developed by coating the naked fiber Bragg grating with polyimide, and its temperature
sensitivity coefficient was enhanced from 10 to 40 pm/°C. Tests were performed on the sensor
calibration and temperature accuracy measurement under the test environment of —40~200 C.
The test results show that the temperature measurement accuracy can be improved from £0. 4 °C
to = 0. 1 C by using fiber grating sensitization package and low-precision fiber grating
demodulation instrument in high and low temperature environment. The material characteristics
of the fiber Bragg grating temperature sensor with sensitized package were analyzed which can be
used to improve the accuracy of temperature measurement, greatly reduce the application cost of
fiber Bragg sensor, and lay a foundation for the comprehensive use of fiber Bragg grating
temperature measurement.

optical fiber sensing; fiber Bragg grating; temperature sensing; encapsulation
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Effect of Different Facet Coating Stress on The Performance of Laser Diodes
CUI Bifeng, CHENG Jin, HAO Shuai, LI Caifang, WANG Haojie
(Key Lab. of Opto-Electronics Technol. of The Ministry of Education, Faculty of

Beijing 100124, CHN)

Information Technol. , Beijing University of Technol. .

Abstract;: The ion-assisted electron beam evaporation was used to fabricate laser diodes
with tensile stress and compressive stress anti-reflective film coated on the front facet by changing
the temperature of the substrate when preparing the Al, O, film. The effects of two different anti-
reflection coatings on the performance of laser diodes were compared. The results show that
output power of the laser diode with tensile stress anti-reflective coating was 8. 11 W while the
laser diode with compressive stress anti-reflective coating was 7. 74 W at 10 A injection current.
Therefore, fabricating tensile stress anti-reflective coated on the laser diode facet can more
effectively increase the slope efficiency of laser diodes.

Key words: laser diodes; film stress; slope efficiency
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S HETBE As Ao BERATFREWH T, 528 As 445, T8 i kAL T4 2 E B &
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Studying Influence of Temperature and Material Parameters on
InAs,Sb,_, Auger Recombination Life by Numerical Analysis
ZHANG Jingbo's, ZHANG Yungi's, WANG Siwen®. SUN Xiaobing' ,
XING Chunxiang', LIU Qiang®, YIN Jingzhi’
(1. College of Optical and Electronical Information, Changchun University of Science and Technol. , Changchun 130114, CHN;
2. State Key Lab. of Integrated Optoelectron. , College of Electronic Science and Engin. , Jilin University, Changchun 130012, CHN)

Abstract: Infrared detectors working in the medium and long wavelength can be widely
used in the fields of space imaging, military, communication and so on. Antimony-based InAsSb
materials are ideal materials for fabricating long-wave uncooled photon detectors due to their
special properties. Auger recombination lifetime is one of the important factors affecting the
performance of detectors . In this paper, Auger recombination lifetime of n and p type
InAs,Sb, , materials changing with temperature, As composition and carrier concentration is
studied by Matlab software. For the determined As component, the longer Auger composite life
can be obtained by optimizing working temperature and carrier concentration. When the carrier
concentration is 3. 2X10" e¢m™° and the temperature is 200 K, the maximum Auger lifetime of n-
type InAs, 55 Shy 45 is 2. 91 X107 s

Key words: InAsSb; Auger recombination lifetime; As composition; temperature; carrier
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Study on Composition of High-strength FBG with Carbon

Fiber and Their Strain Sensing Characteristics
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Abstract :

poor performance of fiber Bragg grating (FBG) in engineering applications.

Combination of high-strength FBG and carbon fiber are proposed aiming at the
The structure of the
sample is introduced and the strain transmission process of sample is analyzed. Experiments were
conducted to verify the strain sensing characteristic and fatigue property. Experimental results
show that the composited samples can achieve high strain transmission efficiency and obtain good
strain sensing characteristics. During the fatigue experiment, the samples work properly and the
amplitude of wavelength change was stable. The strain sensing characteristics of samples remain

essentially unchanged after the fatigue experiment, and the strain sensitivity coefficient is 1. 12

and 1. 17 pm/pe, respectively.

0.623% and 0.397%, respectively.
Key words:

property

515

Bt 5 ' T 2T 4E 1 52 AL FDG 2T 38 45 R 1
R T AR B AR T K I 1 4 W@%W
451 385 (4 T ELAE 5 5 . G ZF 6 M (Fiber Bragg
Grating , FBG) R B AT I K A )8 LA A2 6 D) R U B 5%
M SRR vy A5 DI AL T £ 52 DG L Jo o A% L 45 4 T 5
W B #2019 —10—24.

The linearity is higher than 0. 999, and the repeatability are

fiber Bragg grating; carbon fiber; strain sensing; strain transfer; fatigue

1 55 TG AE UK 90 R 5 RN S R A s A
VKRB LR AR 95 0 filt W 0 v e LA S 9 A%
JEES 2 = R G T AR 14 3 3 B B £F
K%%ﬁ%ﬁ#ﬁ%ﬁ%ﬁiﬁﬁ%ﬁ%%ﬁﬁ%

PR i T S (EN =N Nl E e R
B A b 2 m%%ﬁ&ﬂﬂﬁ #Eﬁﬁﬁ

F12E R G AT T BN AR A 3 5 RE K L T PR R AR
ETE S BE S,



SEMICONDUCTOR OPTOELECTRONICS Vol. 41 No. 1

Feb. 2020

AR A MBI T AL AR R4 AL
IR B TR G, B A MR DL 2F 4 o
24 ¥ B (Fiber Reinforced Polymer, FRP) Jij [
PO A Bk 2T A R R AW IR 3 A M R
(Carbon FRP,CFRP) [N HAR 5 A9 P fig , 75 46 4 5,
Ji& IR L T2 AR 3 T A Ak 1 R A2 A M R BR A 4
WA R B ARRA R A R
OB Dl TR 2R A5 0 AL BE A R RE AR Y
Y, Z OB R RE AL B W O 2 A AR R
Ty ] 33X AL 5 23 4 gt B M N 65 8 b O 2F S %
TR 0 R R SR AHW)

KL et 5ok 2r 4t 52 & DR BE K 15 52 & # K
AL S PEBE S AF PR AP O LT, SCRE XS B2 & B4R
(R 32 7 078 RS HE AT S0 W, 3 7 B B B i F 5
i EL R AT T ) A B SRR A S B R
AIAETE o1 T W 5 40 2 5 25 B & A6 G T L LT AN
[T QS S =TI N B S el s = L B I
W AR SR v R B G AR O S Rk A 4E MR E A
SR FH B[] 7 57 30T 200 A 25 4 AL Ol i i S B
S S 50 TG 55 S 36 XA it R AT 0 AR A B pe I
GIHT SR G LR S A 45 AL felt 5 M A% vy P 1 A —
PR RS,

1 B

1.1 =3RS R
AR SR FH B e R B DG ET O R — Fh L BT
SE FE A 205 i A b B TR 2 R R R LR
b A B A 2T 0N A B T R AL 1 L DR R T OGET R
U6 00 SR EE L HLOGET 1 SR 2 BORE B M 44 L, B
£ 180~250 ‘CHREZ T 55 &b RH b [R] S AL, 1 2
ST RN A R T . R LA
DI ) A% J25 it P 5 < T I A A ) AR AR RS RS
JCEFCME RS ST 4 5 WA G D6 4T A b A G i
TRt
Ap =2n4A [@D)
A A BATHAE PR g RSB H R, A
SO A . il R A g AR A R 2 5 e DG AR A
TS BOGEF M b O PR A9 728 4k 24 PR 5 I A
FEANAE ALSZ A 348 7 A B 1o 62732 B g S 2
i Ady SRR e KRR RIR N
My=A,(1 —Pe=Kce (2)
K, Ay IR, P, OB A AR B 3O &R

e« 86

B K. AR RERE FRE AT A Ot A — i)
M 1.2 pm/pe,
1.2 MTEERESHE

AR SCEATHROCEF O S AT dE R AR R
(] O B o] [ A AR 25 4 SR 2R St St eF 4 2 A ) L ob
SR TH i 7 A= 0 B 1o 1 A8 2 38 2ok ik 4T 4 52 A MORHAE
2 )2 Rl A% i 25 OB 0 DG EF S B, 52 BR AR
FOGER GRS & 22 8] 23 A7 A — 0 22 5, I AF 7
RLARAG B SURRZE b Hi ey = ke, K 1 HICECM
Fiflk 27 4 52 6 I PSS B0 % O 2R &1 RN g A8 4% 34 7R 3
Kl .

ShEREE K

<— :
\ %‘;EE /
] KAt I\—»ke

N ]

P R AR R T

TR ) g L AR LA 2 R 2 ) B
BT YA AR B RL  S 2 5) % 7 A
AN R RS Y B 0 L 2 2% SCRRL LS TR 2 M ad 7
R A B i B0 P DU ST R AR S R 4T 4 A R
BROGEF LAY BY 10 775 6 &R X

(o, (x) +do,(x) ]nrl —o,(a)mrl +

Tp (rysx)2nr,de =0 (3)
A,z AOLE i A AR . -, HOGEFIME o, HOLET
Jet sz B N ST e, Gy o) HIRBLZ 50T )2
ZAAPE R BT UIN Sy S5 A R ) g B A 2 AT
LR BT B O 21 M DX I8 17 28 A% 138 A0 R R AOC &
i

~ sinh(al)
al.cosh(al.)

AL AR K o FERIEAN

k=1 D

2

JEg;’é(&ln2+élnx>+i<ri‘ZrZ(ﬁerfln::)

(5

S P BIROCET R BLR RS 5 b9

SMELE S E 535 G 8 Tk 2T 4k 52 G BEORL Y s

Bit .G, G oo o U B JZ I 2 4 52 & 41 LY B

DItsiie . fad AL AR R BB IE 5, sl L
L EsP.]



CGESAOER 2020 4F 2 A 41 55 11 1%

3t
e

§ O BRSNS A R AR T AR

M, =kKe=K'e¢ (6)
L K hE ARG N A RS R 55 G H
mn T IR BB G LR Y O B DA MR R E S
R Z 806 56,
=0 (O AT AT, 2452 AR A BT s B G 21 Sl A
T 2T A A RHI G S5 8 A% 3 RO RO AT K
g B 2 MR G R I UF Bt AL B S8R
1R,

x1 HESH
S8 BE e BE
r./mm 0.0625 7/ mm 6.7
E, /Pa 7.22X10" G/Pa 6.73>X10"
7o/ mm 0.09 E./Pa 1.75X10"
G./Pa 1.1x10° 2L /mm 10~1 000
1.0
0.8}
~
0.6
0.2 20 60 100
L/cm

P2 AR AR 3 R AR BB AT I B A2 Al il &

ML 2 4387 A AL G52 A O EF A B 3 R R, o AR
1% 38 550% R RO AR K B R K, R R AR % 3
ROR BB N AL AR R K M ALK
KT 6 cm B, 078 £4 28 50 R R B T 0.9, IR bl
LR B B Wi e e HOBE T 1 Yok KE R
T 58.4 cm B, N AR AL IR R B T 0. 99, H
K BEr S 38 a2 & M B AR SCHL 60 em /E &
BRI,

2SI

2.1 HmHliE

Xt 45 4 Sy [a] o B 1] [ R 1A B9 56 27 L5 Bk 27
YERTRLSE G RE AL BROC LT UM S i 2 e 2 4 22 (1 T
T BEAR TS — B G LR T Bk 2F 4k 22 JA p o0 7 B
S A il ) ) A S R Ol B SRR IR JE A T D
o] 7 5% B T2, 51 o A R AP B B BROL AT
JOM S W £ 4 22 AT HE A TE R SRR A ST
SR ARG AR LM 3 A

FE SRR B AR ATk B BOGET el
KR 1536, 384 nm . Bk £F 4k & A b kL 5P 45 5
J 175 GPa, FEF K EE N 60 cm, B2 N 6.7 mm, i
AR A 33 50 R B (R 0. 990, 78 il 7B 58 WL AT 5
BIRem A e TSR R R K E 5.

FC/APCH:3k

S T )

K3 ZakmainER

wapEe = BEELEMH

2.2 MTEBIE

IO AR A R ST B ) ST 0 2 A S R L i TR AR
e AL R AR DU e RS | A TR
FH I 8 Sy SHT bl 42 il e i Al iR 5 fig 1l 4
BIL, 52 G A i 0 s 8 1 5 266 e A i 8 1O 5 i
PHBCHRR A ML #2535 T A R L A ER
PAC i S B B AR it L S0 PR Ol 1E IR A N . SER R
B HIME N T7 ¥ 6 0~60 kN i 75 B N 17 =
PR SE B, B OMARP S R 10 kN, 32 HUD S 45 G
TR 5 R AR IR 10 s BUB K 7R B0 S ¥4
A5 3 vy K B R A% Sk AR AR 1 52 50 A, — B A
¥4 A R ) 5 36 25 A7
2.3 EmIW

I 57 T2 0 1Y) T 0 B BN g A 5
7 A R S AH [ S T SR T 0 3 2B B 2 MTS A W
fril e 57 2 i 50 AL , 9 57 I P A i R 20 kN,
PR 16 Haz, g5 =Xy 55 i 1F 5% 9 n 2k, 52
R ECR 300 JTIK ., U0 EE TS LAAH ) 5256 45 R 1
Xt 2 A B R AT I AR AR B S L I PERE S K

3 ZURSTHE

3.1 NEEREBRIRERSHW

Bl 4 S 526 i O I 5 N AR B OC & il
. TRETRRY . E G SR P R
R R AF Y B PR E R kb e it T
ALV BERAEEWERKMEZEN 69. 4 pm, X H L P
RERN 062300 WK 5 AL EXRMLHRAG R
MY LR RE , =R S S Y L PR FE 3R 3 7 0,999 DL I+
AR S RUE RECN 1. 12 pm/pe, A2 1%
RO 0. 933, 505 HLA5 B R, H T 52 Br il
VETC 1 56 4238 B He 0 2 i 45 0, S5 Br I 4 (B

. 87 o



SEMICONDUCTOR OPTOELECTRONICS Vol. 41 No. 1

Feb. 2020

W AR 05 LA
1549
= fifd
e Hiffi2
A hiff3
| —— &A1
LR j— LR 2
E | e gﬁﬁfmﬁ 3
g
)
~ 1541t

1537

6 000 10 000
&/10°pe

B4 A 55 AR h Ok 2R il 26

2000

3.2 BEHEXWERSHM

Bl 590 5% T 9 55 S g B b i DU 4 2 A R
YA B B ] AR b i 2 AER ER AT AE R B AR
st P T YR AR b R B R A R R — B, T W
WA, AT R ARt AP AR E . B 6 A
55 LI 5 5 G R i 1) g A AR SRR OG R M 2, S A5 R
T GR35 200 5 AT AR DR e B I 2k
JEANE B ML PR 0,999 DL I, =R E 4 in
FEA K EE MR KRHZEN 45,3 pm, HXTEE
PEIR 22 0,397 %0 s W AE R ZELH 1. 17 pm/pe,s
I 7B AL 53 A % BB R0, 975, 5 9 55 S I6 T AH F g

1 544

—e— 103 ik
—v— 252 ik

—— 12 5%
—— 210 iR

Bl 5 55 S i i AL fh il 26

1549
= fifi
o fiffi2
A Rifi3
| —— ZtEma
L3y LA 2

| e &ﬁm% 3

Ag/nm

1541

1537

6 000 10 000
£10°pe
6 9% 55 LG 5 N AR AL R OG FR R

2 000

¢ 88

4T L AT JEE PRI T RE S B 25 R S R L )
B 552 A 87 A5 15 R L VG £F A 5 5 A b R B ) A
T i 3 A B4 T, DA T 452 75 07 28 £ 338 0K
4 ZEi

2 S S BUAT 1 27 S B 2 2 A
T 2 b ek R W 00 IR 1) T 9 6 £
B3 B0 2 b B AL A AN TR i A R
AR i 1 T A5 £ SR R 5 R R AT T 92 S
58, LEHFW] L R O S OR M E R B AR
17 B BE S 55 B 2F 2k R U7 M0 5 A, — e A
FIE TR T BN AS T L i 504 5 1 07 25 £ 336 2 s &
AR it 1 25 R il 2 LA B 7 1 e
SR I ELAESE 25 50 0 i 2 B B B9 T 2 R
R 5 B R i A T B I PR, LA R
i TR VRS . BT 5 6% S5 A 5% g e 10 490
S £F AL T 0 — 4 KRR T B

S EZ 3k

[1] Oliveira R D, Ramos C A, Marques A T. Health monitoring
of composite structures by embedded FBG and interferometric
Fabry-Perot sensors[J]. Computers & Structures, 2008, 86
(3): 340-346.

[2] LuS. Jiang M, Sui Q, et al. Damage identification system of
CFRP using fiber Bragg grating sensors [ J ]. Composite
Structures, 2015, 125: 400-406.

[3] Mauron P, Nellen P M, Sennhauser U J. High-strength
prooftest parameters for fiber Bragg grating sensors[ CJ//
Information Technologies 2000 Inter. Society for Optics and
Photonics, 2001.

[4] B, skiGm], RECH, 4. OGLPOLME B8 2 & B R EL Al 7]

BT ], A S MRS, 2007, 26(12): 27-30.
Zhao Haitao, Zhang Boming, Wu Zhanjun, et al.
Infrastructure study for optical fiber grating in smart composite
materials [ ] ].  Transducer and Microsystem Technologies,
2007, 26(12) . 27-30.

(5] XA, 2=, saEA, 2. a0 B e 4%
FEPEDFSELI]. SE T - WOk, 2008, 19(7): 905-908.

Liu Chuntong, Li Hongcai , Zhang Zhili, et al. Study on the
sensing characteristics of fiber Bragg grating packaged by
aluminum alloy slice[J]. J. of Optoelectron. * Laser, 2008, 19
(7): 905-908.

[6] Z=5, 2R, B 45, 5. 45 M 5 W I R 40 1% 0 A o
(ST dbant: PRSI T A, 2012

Li Hongnan, Li Aiqun, Teng Jun, et al. Design standard of
structural health monitoring system [ S]. Beijing: China

Building Industry Press, 2012. (F ﬁ}‘% 98 M)



RS 2020 4E 2 A4 41 %55 1 4

2 B HF. InAsTFEEBEEFL L AR BRG YR

HH EHSWERLEL

DOI: 10. 16818/j. issn1001—5868. 2020. 01. 019

InAs EF R RIERSEXH &L IERN

x B, B F.AME, FE, K H

(BEREEHARFFEA, EK 400060)

 E. RALBANYKFAAAERMOCVDIHERKAEKT InAs TFEARE UL 5
W2 F AR & & RN AR R E(PL) Ao i 8] 5 98 A LA 4 #E(TRPLARZT EFEER
EIMRIRZE E T REEMEA, st T % MG kFik A5 s (FME) & 4 K GaAs kiR £ 2
HWETFERET.ARAWN.FME %A KK BEEW T FERLAHE LB IR AL LF S A
0.6ns, ARKTHBF HAEARKKBEEN T T ELALEG,

KEIR: InAs BT B ARIREE)Z BB, B E o FEk; 2 2800 6l S 2k

FESES: TN248 XEHS: 1001—5868(2020)01—0089— 04

Photoluminescence Characteristics of InAs Quantum Dots with Low Temperature Cap Layers

WU Wei, ZHOU Yong, LIU Shangjun, LIU Wanqing, ZHANG Jing
(Chonggqing Optoelectronics Research Institute, Chongqing 400060, CHN)

Abstract :

quantum dots (QDs) and low temperature QDs caps with different composition and thickness,

Metalorganic chemical vapour deposition (MOCVD) was employed to grow InAs

and photoluminescence (PL) and time-resolved photoluminescence ( TRPL) was used to study
the characteristics of QDs with different cap layers. Flow-rate modulation epitaxy (FME) and
conventional methods were utilized to grow low temperature cap of InAs QDs. Experimental
results indicate that the PL intensity of QWs is stronger when the cap was grown by FME, and
its TRPL life time reaches 0. 6 ns, which is much longer than the samples prepared by the
conventional method.

QDs; time-resolved

photoluminescence; flow-rate modulation epitaxy

Key words: InAs quantum gap layer; photoluminescence;
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Abstract;: A novel square cavity coupled metal waveguide structure is proposed, which is
composed of two mutually perpendicular rectangular metal waveguides and a square resonant
cavity connecting rectangular waveguides. The band-rejection filtering characteristics are realized
by the plasma local characteristics of the square resonator, and the dual-port all-optical plasma
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difference time domain method. The results show that the optical switch based on the square
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characteristics, and its maximum transmittance is 92% , the minimum stopband transmittance is
0.2%, and the working range is 607~785 nm.
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Performance Optimization and Analysis of NLDMOS Devices
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Abstract: A new process for improving the performance of n-LDMOS devices is proposed
based on XXX’s 0. 18 um standard process flow. Adding an ion implantation at the common
source of NLDMOS can extract the substrate charge and optimize the breakdown voltage (BV)
and specific on-resistance (R,,) of the NLDMOS devices. In this paper, by selecting different
of the

devices are studied. Because the ion activation efficiency is insufficient, simply increasing the

implant ion concentrations and rapid thermal annealing time, changes of BV and R,
implant ion concentration by 20% . the withstand voltage performance of the device has less
improvement. By combining 20% increase in implant ion concentration with 20 s rapid thermal

annealing method. the BV of the NLDMOS device is increased by about 2. 7% . while the R, is
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Sharpness Evaluation of Microscopic Detection Image for Micro Parts
LI Chengchao, YU Zhanjiang, LI Yiquan, XU Jinkai, YU Huadong
(Changchun University of Science and Technol. , National Key Lab. for Cross-Scale Micro and

Nano Manufacturing of the Ministry of Education, Changchun 130022, CHN)

Abstract; According to the characteristics of micro parts microscopic detection image,
including the image texture is similar, the edge information is too little and the gray distribution
range is limited, the traditional sharpness evaluation function is analyzed based on the basic
principles of algorithm. Aiming at the defect that the traditional sharpness evaluation function
can not have own high sensitivity and noise immunity, an algorithm based on local variance
information entropy is proposed. The method uses the local variance to weight the self-
information of each gray level,on the one hand, it makes up for the lack of spatial information of
information entropy and avoids misjudgement of sharpness; on the other hand, it can increase the
weight of clear region pixels when they participate in the calculation of information, while reduces
the weight of background and noise region pixels, thereby improves the function sensitivity. The
experimental results show that compared with the traditional sharpness evaluation function, the
local variance information entropy function not only has high sensitivity, but also has better noise
immunity and is suitable for actual auto-focusing systems.

Key words: auto-focusing; sharpness evaluation; local variance information entropy; micro

parts; microscopic image
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Multiple Endmember Extraction Algorithm Based on Pixel Purity Index
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Abstract . Traditional endmember extraction method usually ignores the endmember
spectral variability, and extracts only one single endmember spectrum for each scene
components,which results in poor accuracy of estimated fractions. Thus in this study, a pixel
purityindex based multiple endmember extraction approach is proposed. Firstly, the theoriginal
hyperspectral image was divided into some non-overlapping image blocks and the improved
pixelpurity index algorithm was run on each image block to extract candidate endmembers.
Then, the local spatial-spectral information of candidate endmembers is used to refine and select
the final endmember bundles from the candidate endmember set. Finally, the endmember set was
grouped in terms of metric of spectral similarity. Both simulation and real hyperspectral image
data demonstrate that the proposed multiple endmember extraction algorithm is effective to
account for endmember variability, and the endmembers extracted by the proposed algorithm are
more accurate than the state-of-the-art single endmember extraction algorithms.
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MEE 5% $2 B 3 G . M 28 i ) MESMA J5 3%
flit R, % 2 & F AR T8 RMSE X [ 45
o INRHEIE T LU 0B 0 1% B s E AT
2 Ui JC A UFN 22 3 JC 1R 8 0635 o0 i HOG T ik TR G
JE AT AL S8 B TG R .
x2 ZHEEEIFESHITFEENTY RMSE

; i J6
Hik Al, A2 Bl, B2 K1, K2
PPI 0.0235 0.014 3 0.013 4
NFINDR 0.0216 0.012 5 0.0155
PPI-MEE 0.019 7 0.0127 0.0120

3.2 EXSREHETR

S v 3 MY LS R O 3 R R AL AT DL
I/ LA AR 1E AL (AVIRIS) F 1997 4 6 H 3K HL
) 55 [ Y A2 K N R 30 Cuprite B X[ 5 06 3 B 45 %0
. SEE BRI/ 200 X200, 2 BR K 0 WM A5
W LE B BRI Ay 185 Aot 3% il Be. A ) ok B RO
20 m, JGHEAMHER N 10 nm OEIEBE HH K 0. 4~
2.5 pum, WK 5,

B 5 ESE GRS

FH NWHFC J5 Al sin oo 0 o 14, 2%
Clark 1 Swayze 2" 15 12 H X B9 52 #0382 F0 6™ )
TR PRI 45 A, S0 v IR0 Ml DX P A R R O B HL R
A2 O 1% AR S A 22 1 5 R i B b g 28 R IR AT BE Y

# 3 Cuprite IIELELER

- Bk
PPI NFINDR | PPI-MEE
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Design of Real-time Vision System Applied in Flapping-wing Micro Air Vehicle
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, ZHANG Weiping', MOU Jiawang'"

, CHEN Zihao'*

(1. National Key Lab. of Science and Technol. on Micro/Nano Fabrication;

2. Dept. of Micro/Nano Electronics, Shanghai Jiaotong University. Shanghai 200240, CHN)

Abstract ;

A real-time vision systemis designed for flapping-wing micro air vehicles

(FMAV) withlightweight and high-frequency vibration. The system includes the hardware and

software modules. The hardware is consists of a micro camera module, a 5.8 GHz transmission

module and a wireless image transmission receiving module. And the software modules include

two algorithms, one is a real-time video stabilization algorithm based on corner detection, Lucas

Kanade optical flow and Kalman low-pass hybrid filtering, and the other one is a person

recognition algorithm based on YOLOv3. Flight tests on FMAYV with hardware were carried out.

The experimental results indicate the video stabilization algorithm can diminish 66. 56 % vibration

of the x-axis and 73. 15% vibration of the y-axis. The person recognition algorithm can achieve

an accuracy of higher than 96%. The video stabilization algorithm costs 6.33 ms and person

recognition algorithm costs 20. 5 ms when the image resolution is 720X 480 pixels, thusthe total

delay meets the real-time requirements. In conclusion, the design goal of real-time vision system

has been achieved.

Key words:
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BEL£WmAB: #L §F M & £ ¥ H ( 6141A02022607,
6141A02022627); Pl B X 4 W H (1816311ZT005020,
301020803, 17070107); b i 7 Bt Z W H (19511104202,
19DZ2291103).

114 -

FMAYV; real-time video stabilization; Kalman filtering; real-time person

recognition; YOLOv3



RS 2020 4E 2 A4 41 %55 1 4

ZUTHS F. A THRAIEL AT RS EAL R %K

0 5l&H

P AR B A BRIE N LR TRAT g o B AL T
J& T REpEE o g B R AT A R L
AT C AL TN AT, N R ATy
O] L= AR R HL 7S 2 8l ) LS 3B
e By P40 D) FE T ThD AR 5 1] 7 355 e 36t A7 5 22 1Y
o, Pt 10 4F ok il Y 05 A b 38 X TR AT 2
(Flapping-wing Micro Air Vehicle, FMAV) £ ZE 5
g F8 € HRRE 80 37 i R T R 55 00 L 9 S5 45
HHE 7~ 190 25 42 g5 e R 40U b A 4 FE AR

SR T FMAV FE & b, DR Fh 3R
CRAT AN T G B R IR B AF B R R FMAY FE ]
G B I — BTG AR PR A (1) | T 8 g AL
SOk B R TR T G A R PR O G 4 Y Y B
183k R I i 2 BV EORBR A 5 (2) i T Hh L RAT A
B DL B 04 LR 2l o G A A3 T e 9 A7 A 7
MEEh T, B = Ak BN 3 AR 2 i L T AR AR
WREE WL (3) i T H B AL S5 R R, B Al i e 52 g
HAs k5 2 7E FMAV F R,

ARSCLL B A 38 K 2E B 1 5 B -U3E FMAV
A TE R b A S i AR AR R AR
PUMN R G 56 1S 0 UG AL i AILH0 e 9] e e I v
R e HE B RE B9 GRS AT ST

1 SERFER R R Gt

iR 4126 FMAV st 1/4 inch CMOS {1 45
18 S B P e iUR B2 A7 51 . 48 fR 5. 8 GHz Ml B 5%
i i 2 b T L 200 SRR AR L B B b B
AT YOLOv3 19 52 B A G 5158 6 1 2 B
BRAE K A5 2 L 52 B 2 B R0 3 28 48 B 4 T A . 2
K1 TR,

FMAV || BRI EAR LAFR — 5.8 GH &%k

|

S AR S [ BT B BP0 (v Lk B L Btk

1 FMAV 25 R 58

P R 28 FMAV SE i R U R 8B K] 43
2 S5 T 55 0 B T A 0 B 2 S 0 L 4 A R
AR L Y 5. 8 GHz 1% i B He R G 2% 141 1% 32 I A
B A A3 A A I 3] S R AR 25 BB N
B AR B

2 HRPEEE

T W B A AT e 81 T 2 ad R B EE L L&
Ik DR L 5 B R 1 AT ) 3, 22 0 A U 5 ik
Fae it b SR T 51, e Je T A LA T 8 i
2.1 EHEBEFREEZX

AR SCHE S —Fp Rt i 3L TRk 2 S AGE TR A U8
T 0 2 I F P RRR I MR B L TR Y T R TR
2 s, ARG AP IR . B S, AU shi-tomasi £
SR Ak AR AR A O B O £
P S22 1] 18 D6 3L 5 422 T ke, 0 5 28 e B Y
AL ITF G R AW A S T Eh S8 K
Jei R ER R 2K 2 RUGE 1 0 75 4 B TR A B U 2
- iz sh S B s T G S B0 Wi B e
W EE AR 48, D) ARAS R AR 7 51 . b, ff AR
55 G B A LK Rk R i A L T R
10 SEI 1 ATAE B AR T B T A AR KR L
i) J 22 1) 25 BRROR .

[ TR b ]—> AR [ RHE — RS

s ~N

PR e BHIME [ BEIEE

\

B2 S T AR

2.1.1 A&k

7 S8 B 1 R R S I PR R AR SCR ) shi-
tomasi A A5URS DU 580K 78 i A 0 T TR b A 0 £ A
I ad o fe/MEE SCINTT B BRECR TP & S 2
R R Sz 3) .

’, “+n . /)y +n y

A =ACv, 0,0 = D0 D) (P(xsy) —

Nz +o,y+0,)) D
H, (posp ) RARB—WEZR P EBREA,
(n,»n )RRE ZMWERE N LR ERES, (v, ,0,)
FRTEEG LB S B, (o y) F78 76 X R i 14
BB R LR . AR Lucas-Kanade J6 i
SO 1A eR B /N b DT TE 3% 22 1Y A i (LR
N ba] DUFR S0 X 5 09 A7 a5, F T 500 B iR AR e, O
7 3 H 37 AT M A R T AR AR e A AT AR A
2.1.2 W EHAEAR
FIHT 2. 101 719 G 2t A AR a5 53 9 i ] 149 52 3
S8, MR D FE S TRAT R A AT R L PR i (]
iz Bl AR e T DL RO B 4 D RSB 4 05

. 115 -



SEMICONDUCTOR OPTOELECTRONICS Vol. 41 No. 1

Feb. 2020

SRR o RSy Bl B TR RS i R
A HpR R an R 5

z’ x Scosa — Ssina T.| [x
vy |=M|y|=|Ssina Scose T,| |y
1 1 0 0 1]

(2)
Horbr, (e y) )R ™) 23 530 26 7 B — Wi 5 25 — i 1
B ERR R IR RS RN R o FoniEHe M
BEL (T, T )R o 5y i ERFR . AR <6
P T R A 8 e B AT RAT 2 2l ik B 7 S 2 e
M,

Xt FHELEM A, G =1,2,3,,n), FARARXT]
IR T8 A, fIA, ZRIMEs 28 N ERTH
FELOR AT AR R B B A [ L RE O B AR Y
RATHLE L A SORs A T Y 05 5 22 6 2R 9 B AR
o R B B 2 5 [ 25 W s 3h 2 80 AT
T A 8 AT 2P ¥ B0 017 S5 AR 4R B L 7 5K C3) i eT
RBREM A, WE G

A =M. ([IM) A, (3)
2.1.3 AR

7 18 B B0 S R BOR B R L o iR SR AL
Wity B RS AR & R) Il T 34 3 AR ot 1 31 v AN A
A7 7 5 T FL S SLOR R R =2 8 R AR
FTREVYSRA $3h ASCHR H R R R =2 08D 5 ikl
PP A 77 SR BR B RVA ] R K 2 08 BBk %
5 3 IR A AR 1Y 12 Bl 2 50 A R o A
PSR AE (19 1 30 8 DA » DA B 25 v 30 (R 7 4R A1
WEash 28, RN A A 3 B,

BESH
ekl Y B0

Y IR
I IE B2 T e

B3 IR R

2.2 ERAKIRINEZE

TR T 1) 25 3k 52 1sf | - R (R B 1 I e otk A
DAG VU 3 b 38 G 0 g ot PR AR 2 AR AR
IR R N R VA =S e 72 7 N R G 3
AR CHEFEIET YOLOv3 B H A5 2, 3F At
AR TEALI 2 K YOLOV3 5 1 M £
Darknet-53 #EA7iE 8 , HI T4 O R 4R 1iE A1) ] % 22
R 2% e R A 152 /N i) R[] o A 7 45 FR22 , (A8 7R 4
B 2 Ik
2.2.1 BMBEHREEL

AL EE Tz B B AR A 0 R 4 L Y

+ 116 -

RGB %, 8 4h 38 R AT 88 #5 0 1/4 inch
(1inch=2. 54 cm) CMOS 7 B 4% 15 3 A5 He 3 35 10
FUG A A A7 7638 W AN 2 RGB =38 38 §k 2k 1 45
B [l A7 B i RN B R AT AR I RATIR A S 9 i ]
PR A R B TR R 2 TR R A 4L
I S VI 5 BT A58 0 0 06 i i EL Sk s iR ) AR, AR
SCR RN R AT 2% S L R ATAE 1] B L S A
VOC2012.COCO P25 FH B4 4 . F il g 4h 32
AT AR

WGERAESBRHAM LSRN T D RH
1/4 inch CMOS fof Y 46 15 S B B SR B A0 435 JHE 4 1) A
AR 24 B RGB MG, B R 0 3R A 720 X
48052) 3 W B R B 7 AT S OF 4R 1/2,1/1. 5,
1/1.2 B i & e AT Y 43 B 58, 38 = A% £ 9 4k
3) BEMLAMAFESE =20 BT A B R 19 20 26 in AR, 5411
PG AL i e 5k 22 1) S B 156 00 5 40 K AR A5 1) 48 1 1]
R AT N AR E B AR ESIE R S EER A&
BN AGR 2 SO 5 5) % B s FH T I 2R i A AR B R A
Xof I A 2 SO A R I 4
2.2.2 % &AL Darknet-53 £EH

YOLOv3 sk M T 8 8 /E 3 & 3l 25 1
Darknet-53 FEAh 47 AF 4 B » 12 W 45 25 #4) 76 O R 4
JEART BRSO b T M4 250 3 m 75
J% ., 7F Darknet-53 1, 1% 8 % FH 4 %5 BUM 4%, itk
H25 A Darknet-19 FIIR B 5% 22 W 2%, fif 2% 22 1)
3IX3H1X1WERZESK2E, HFRBIZR
G RFAE A A5 R0 Bl R AIE $ BB A

S SR 2 g Kk B, 26 IR 0 4k
U AR S HGE B 28T I RS A R R AT U0 25 8 A B
FHEEHA R U R . AR SCEET YOLOVS
COCO i 4E F 21T 1Y Darnket-53 W 4S50, %
FLAE 8 2B i Al 2% b W IR AL LS 8 S B AR
IRFTR « 1D A FFECHE S P 3 B 20 4 AR FE A,
A& 100 NHEA, R B AR 10 A, —3E
2000 Jk NAZE R s 2) 856 — 25 B BL 2 000 5K A&
R4 S AT S 0 30 4% 1/2.1/1.5.1/1. 2 o] %%
BATH A BRI B Y K 8 000 7R AR E s
¥ 8 000 5k AR A 4 3 Darknet-53 Il 2k, 3%
FFUINZR LT 1 ) 4 2 550, 01 38 7% 218 1 B il ) 25 vh )
AL I A% Darknet-53 BER,

AR A A 23S 4 5 A4 Darknet-53 #
RUEATRRAEBE B, T BUEE F YOLOv3 19 5E B AR K
AR A



ARG 2020 4F 2 55 41 #5651

EUR ¥, EATHEIELCAZGENAL R %K

3 SE EGER R e i S S

3.1 BHRSEER

AR SOV RE 1 3R G 8 A bV S8 W R 2 B R Y 5
BB FMAV #F 47 8066 50 Uk I, 32 07 B R 26
FMAV & 40 g, H Al Al LLSE 3 3R Bk %,
OC AT & D) R, b T ouh b # & NVIDIA
GTX2080Ti & KAy FE M. Z177E Linux 5T, Ak
AT i NE U MR SR E U B L
3.2 THHBEFREEEIRH

A SCRT IR 1Y 52 i HL AR R B R T OpenCV
RS, FMAV 3k 720 X 480 18 K /3 ¥ R 1l 52
AL At 5.8 GHz BIME R B ILBR Y . AR E
e KA SECH 200, BT KFRECH 0,01, /N
H 3018 FE . MRS R mE 4 iR,

(a)  HE—Mmiff s )
B4 ff R &5 AR

5 i

HL R AR I TE — A 33t 329 MiTAY WA 471 1
PEAT I S A SO A AT S S g R )« 5
y BRSNS B, W] LA A 2 AR SR BB
e B 7 RS L RS AR 4 6 A2 R i R B

10t -
l — SR AL
g 5 IR % ‘ !.i
3 % i
i:_|
ﬁ -
=
0 100 200 300
t/ W
(a)  x ShEAZR TG X e
8 ‘ ‘ ' — FHHR
1 — W EMH |
% 4 ‘ 1
= |
® 0
%{ i
= -4
_8 L
0 100 200 300

(b) v BARR TS X b
5 x5y MEGSUR

x1 x5yWmEHTNENABIREE

S5 JRAUR AR | 25815 PR
x Wi B AR /B R 2.809 2 0.939 3
v Wip B AR 22 /1B &R 2.5730 0.690 9

N B R TEAR , 26 BH 28 S0 i T RGBS B T
RTINS . A 4 b 150 W A AR 1 S BEROR
K x5y WA E PR EZXT R 1 R A
SCEE B SE I L AR B o B B Sh N T
66.56 % 4% v B SIE/NT 73.15% , [FIEEAS
5 1 b B B AE 158 f/s, SE 4 ik B L PR ER
3.3 ABRIRBIEELE

A SRR B GR35 T CUDA & GPU
BRI R 2 S H R R R A 3 S B A AT i
E ARG BT Darknet-53 B B 47 9 38, F1) FH
Vo {7 38 9 T AL L A S T i 28 Al AR (B A o R
B KRR NG . AR 50T B TR I RCR an &
6 TN,

B fefT S5 30 7E PR H 2 ) PR O L A R R
DA b BEA T, AT 1) S I 53] o ff SRR TH A 5 7
96 % LA | [V N AR T ) Ak 1Y) B BE AR 49 {/s, 4
HRE LBV E R BB RELE 30 ms LN, & FHOR
MR HLE B 30 £/s SEmfPEE R

PGB (b) U A A2
B 6 ANFRT AMEIRBIECR
4 RZh
ARICH RSN E AT T —E 0
AR R E R R 2R S AR RS,
SEBE R B, R SO R R B TR E . BT
Fa GBI 10N EA W E R s s, AR IR
S AR ME T SR AR A AE 96 %0 LA b, [R) B N A Y R
A ZEFE 30 ms DAY . 3K 3] S P bR i
223k
(1] BESCE, P, MO T EIM]. . Fis
8 A AL, 2011 35-50.

Chen Wenyuan, Zhang Weiping. Bio-Inspired Flapping-Wing
Micro Air Vehiclel M. Shanghai: Shanghai Jiaotong University

Press, 2011: 35-50. (TH#% 122 )

117 -



SEMICONDUCTOR OPTOELECTRONICS Vol. 41 No. 1 Feb. 2020

Jee AN B S A DOI: 10.16818/j. issn1001—5868. 2020. 01. 025

A T % TDLAS il £ & %t i) W U 1 B zh &

KO, WEMN, K &

LtETEXRZ WS HITEER, LiE 200240)

 OE. ATAETRES 7 pm &8 R BOKE A2 A48 R P ok Kok 4 B ARk
BARERRKE,FH TETREKANERGATRAKREN R%L, A A HHTKKEARNTRE
PR CASAM A TEASHBARMEFNAMXZ ALY YH B BRF L RAKRA L
BROK RS, ERA TR FZERGE LR T BBEE T B &R, 1845k sk Rl AP
SEERKIE, FRREW,AMAL R 3194 mA AP SME4ER K, EE MM E A 20 000 Hz 8
A4 0.03 VI SIMEZRARNEE, FE RS E%SAAE 100 mV, FxaTRREMIFAA F-
PHELFHTAFEN TEREFRETEHTHERLADTAL,

KEWR: AW MGUREOLE s AT S ARBOEMBOEEE s KRR e 20 A g ;s %S
25615 LAY

FESES: 0433.5 XE4HS: 1001—5868(2020)01—0118—05

Automatic Absorption Peak Determination in LPG Detection System Based on TDLAS
ZHANG Ming, MIAO Yubin, ZHANG Shu
(School of Mechanical Engin. , Shanghai Jiaotong University, Shanghai 200240, CHN)

Abstract: Based on the fundamental frequency absorption peak at 3. 37 pm of propane
butane, a propane butane gas detection system based on wavelength modulation technology was
developed by using a continuous interband cascade laser (ICL.) with corresponding center
wavelength and an absorption cell with a long optical path. In order to automatically determine
the center value of sawtooth wave in the wavelength modulation process, based on the linear
relationship between current and output frequency, the direct absorption spectrum was obtained
by uniformly increasing the driving current of the laser. The Lorenz profile fitting algorithm was
used to determine the current corresponding to the absorption peak so that the sawtooth output
light can cover the absorption peak with its center. The experimental results show the sawtooth
wave with the fitting result of 31. 94 mA as the central value, after the high-frequency sinusoidal
modulated wave with the superposition frequency of 20 000 Hz and amplitude of 0. 03 V, the
second harmonic peak exceeds 100 mV. The whole process of the algorithm does not depend on
precise optical devices such as gas and F-P etalon.

Key words: interband cascade lasers; tunable diode laser absorption spectroscopy; aerosol

leak detection system; mid-infrared absorption peak; Lorentz profile
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Double Random-phase Encoding Encryption System Based on Random Radon Transform
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Abstract: The ciphertext only attack algorithm (COA) is an effective attack algorithm for
the double random-phase encoding (DRPE) encryption system using random phase mask (RPM)
as the key. In order to improve the ability of DRPE encryption system to resist ciphertext only
attack algorithm attack, a DRPE encryption system based on random Radon transform is
proposed. The system performs random Radon transform on the image to be encrypted and then
encrypts it using the DRPE encryption system. In addition to RPM, a set of random parameters
selected by the random Radon transform is used as a new key for successfully recovery the
original image. The simulation results show that the DRPE encryption system based on Radon
transform can effectively resist the COA algorithm and improve the security of the DRPE
encryption system compared to the DRPE encryption system using only RPM as the key.
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Research on Image Feature Tracking and Matching Algorithms in Intermittent Texture Environment
ZHAO Mingfu'?, CAO Libo'*, SONG Tao'”, LIU Shuai', LUO Yuhang'
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Abstract: Aiming at the key step of feature matching in SLAM, an image tracking and
matching algorithm combining feature points and feature regions is proposed to solve the problem
of easily losing image features and high mismatching rate in discontinuous texture environment
where texture is rich and texture is missing alternately. Firstly, ORB algorithm and semi-dense
direct method are used to extract feature points and feature regions respectively. Secondly,
progressive uniform sampling (PROSAC) is used to eliminate the mismatched feature points of
ORB algorithm, and the correct matching rate of feature points will be calculated. Finally,
aiming at the serious problem of feature point loss in texture-missing environment, the correct
matching rate of the feature point should be the judgement basis. As for the low-matching
images, a semi-dense direct method should be used to track low-matching image based on the
correct matching rate of feature points. At the same time, the tracking results are optimized
nonlinearly to improve the accuracy and stability of feature area tracking. The experimental

results show that the algorithm is suitable for
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improve the accuracy of image matching on the
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Abstract ; Due to the influence of the hardware and environment of optoelectronic
measuring equipments, the collected infrared images generally have problems of low contrast and
big noise. Thus, an infrared image enhancement method based on non-uniform ordered histogram
and sharpening is proposed. Considering the characteristics of high dynamic range infrared
images, the method is divided into two parts. Firstly, image contrast is enhanced by introducing
a non-uniform distribution that increases at a constant slope in the ordered histogram domain.
The non-uniform distribution histogram and the ordered histogram of the input image are merged
into the optimization problem to calculate the corrected histogram. Secondly, in order to
effectively deal with the blur effect of infrared image, a relative edge intensity index for high
frequency compensation filtering is proposed to effectively suppress the noise in the relatively
uniform region. The experimental results show that compared with various traditional algorithms
and other similar algorithms, the enhanced image details of the proposed method are rich, with
better visual effects and practical application value.

Key words: IR image; image enhancement; contrast enhancement; image sharpening;

uniform ordered histogram

0 Bl A0 22 AT A B )42 0 0P L A% 4
T AT R A B L L 2 0 7 B A G
WA 20 5T BEA () AN T HE 2D 5 R LUOM R s, 950 2 W00 00 41 4 (Infrared , TR) 4% (i

WA #2019 11—18. T G P B Sl B A TR BB (H PR AR A S
EEWAB :BHFRARBEILLTH (U1404606).




SEMICONDUCTOR OPTOELECTRONICS Vol. 41 No. 1

Feb. 2020

% B 23 SRR 28 A5 ) BB 05 TR 2% 1 R ) DA T
AR A . SR UG EMR AR L IR R BT P AR
IR A 2 o BB 4 M. e Ah L 7R TR B
thOR Z B0k H PR 5 PR S 28 T R Y K
PAFE . TR R AATE R R IR KA
TR EE 5 PR i 2 H B — A A Sy I U A 0 (B R
AT 7 A R ) M

J T AR R JE A TR R R Bk AT Ak B, DL 4R
LT G 8 A0 5 2K R R AR AR Y A R TR i B vk
REA LR IR DT EAK 12~ 14 R m s
0 L 46 3] 8 Ao dm 0 ) P O B AR TR PRI Y 52 3
AR B AE B 2) T ARG ABUR hRE 1)
AT P A e R B A 9 = R 3 3) HA B =
TR BT A 2 B AR, A Y A B3 4R
¥l (Automatic Gain Control, AGC) J7 ¥ 2 M Bk B
75 P b S5 S Y — SE A A, IR 2 2570 B M T 4
B 8 Prds bt (R SRR T I R A S R B A
g modn 1 fF B B 7 B ¥ ( Histogram
Equalization, HE) 77 1 B9 5 8 J2 A% 33 pR ARG Wit 5 1
BLEFEZERM T A RS R £ (Cumulative
Distribution Function, CDF) #3443 #i CDF'"/,
B 40 2R B 7 1 b A AR R B L, DU AT RE 2% ae B
5o PTG DT 368 S0 8 i PRI AR 0L 8 A g e 5 T o
ME .

HT O P bR sk B, OF F2 HE (Plateau
Histogram Equalization, PHE) 5 ¥ {# H — 1 F &
{ECRE B 7 1 v e e B ) e, DA 2D 34 5 DX P 1Y
L G NS = I A V- iyl S
(Adaptive Double Plateau Histogram Equalization,
ADPHD 1E B 7 B A8 — 3% 3l 7 1 ok 4. 3 )=y &8
T KA S 38 2o SR (RSP . Bl 2
T CLAHE #& iy 7 3 i W = 3 X I B 1 5k
( Adaptive Trilateral Enhancement,
ATCE)™ X607 ik R Z (1 TP Fa fH i HE
K fife P 21 A1 G 3 5if 0] R, LR 3k BB AT R BE A AL
b A ke 5 5 P e ok ) KT 5 RS B 6T L R AT 1]
R, BRI, A 1A AR AR A X b RE Y s 1 R
T (8 A B b I T e R B R B i BT AR
PR B Y

BT BRI ARSI T AR A o A S m L LA
TEE R 3 34 1 0 A 5 20 i DB HE B g1 1y
XoF b BE B AIR 0] A, O AR St R b 3R T — A R TR
Yo AL A R s vk . B TER IR H T

Contrast

+ 136 -

Vol fol Pk 3 o A 8 T 05 P % L P e AT
B HEF B7 B A IF T UL R, LA s G 5 1Y
HI7 . R AR T — AR X 3 S o R R XA
o 30 B0 A% o LA A R30I ] I 400 1 AR X 22
DI fg I SCER AR R IR A B A R
PRI E PR RE

1 R ARk

1.1 EHASHBATES R

B G AT 5T = A B S (L0 O BB i S 5
RS b R S 83— AL BT 1B i A
IER AR G AR e i I S 1B B TN |
B) 43 A 35 5 iR % 25 (RMSE) - ¥4 {8 L 35 5] 43 #i 1)
BN IR BT AT 04 e SO SN T A
J BT TR S A9 AR 3 20 23 A IR T AR SCHR Y F 5

AT AT .
x1 S1NHEENTY RMSE &
EAEIE S USC-SIPI”? | TID2013M7 | CSIQ™
YA AR | 4.583X10°% [4.778X10°|5.762X 10 °
B 515346 | 2.767X10 F [3.046X10 ° |4.585X10 *

1.2 ETFIEHGHHHXTLE EiGE
AX={(XG.J) | 1<i<H,0<j<W}#
NERRN R HAW W ABME, o X G L) &
BE GO RKEY IR X WEh SRR x,,
x, P X G € [ayox, ] HBYR A 008 5]
BY={YG.,j) |[1<i<H,I<;<Wj, Y5
S EB R B XM Ly, y, LHFBYG ) € Ly,
Volove < v.. M8 AL KRB A B A,
ye=0JFH v, =255, & X ={x,.x,, ) &
MAEG X PRTARTREN K KERHETFES. H
o, <z, < << ags Hob K OZARTRKE 9%
. FEXT LR IR 2 S A A K R e A
B R BE Gy » LA 2R i R B S HE Y B 3R
Y ={yisyossyits H oy, <y, <o <y
IREES ., W E T BRI o
H . ={h,(b)|1<k<K} (1
Hrph, ()RR X P HRHAEKRER L WIRR DL
LS H =h (D1<I<L}XRFHEEF L, O
FFHEF A I b (O R ZHEF W ITE L T
AEFER, COWEL., S H, ={h () [1<I<L}
oA DL SE A 88 i AR 35 5 4 A O B Hop
Do h (D =H XW 3 Hh, (ORI %0



RS 2020 4E 2 A4 41 %55 1 4

ETEHAF S ALF BApe oot B8R

X ¥

VAN
hr(l)izilizwl 2

Hbs e H, = {h (D | 1<<{ <L} B 5HEF
Je BT B Z AR /N RS B
H, =argmin|H — H_|| (3)
Horb |« Rt BE %, H, S350 46 B E
2 [ B 75 3 A5 /) 5 BRI
H, =argmin|H — H, | 4
T HE HARELTT I H G FF A SR A E L
RN ATSE S G
H‘:arg;ninHHfHSHJraHHerH (%)
;H:‘EF"(I %ﬁﬂ*ﬂ?v?ﬁ,ﬁﬂ?[()eoo)o muﬁﬁﬁgj%
o A S B A% Bl ) LY R i L K YRS B
R BR L A A 1 o 5 B AT 45 31 B /A =X (5) /Y FAT
i
H,=argmin|H —H_|; +o«|H—H,|; (6
HAHY T
H,=argmin[(H—H)"(H—H,) +

«(H—H)"(H—H,)] 7
TR R (D) B R A
1 1
Hl_mHS+er (8)

R4 h, (B =h AQR) ) ITHBIEENEFEH, =
(ho(k) | 1<k <K}, H Q) 2N
PRAFH) L5k Z RGBS R % XHEIE S Y H
75K H, BEAT I — Ak, DL 25 HRE 50 A R AL

ho (kD
pPR) = )

K
D0 (R
W CDF & X P(k) = >, pCk), {fi i CDF

PR IEMRYE v, = P(k)(2° —1)40.5 | ¥ =, Wt
FE oy, .

B1 XT3 i SRE 04T T AR . 20 AR
K1) s, b i sk R i AR 5. i th
s AN PRI 7 AN 1(b) BiF s, i R A R ok A
oy de W 1 B T AR R K BE R T T HE
¥ A 1Co) B R S BLE A T B O L H AR B 7 R
B A EFTE, =4 o HEMEME 1D R,
ME A LLE L BEE o B3R, B 2215 5 H,
STEANARRL . 4 o HFE B IE S 0 B T
ANHE T B B W% g8 HE 2308 i KIS 80 B

W A EIEARGE. Mo 1 IR —
BRI R F B LR .

~ 14 000

12 000

10 000

8 000

6 000
(a) LILHMNEIMS

250 , ;
150 7777777777777 ‘r
& | 1

50 s e e e Ly
9 859 14 129
WNKES
(b) i A EME A 15 J7 &
250 , . : '
— 5, BiF (a=0)
........... Eﬁt(Fl)
H#% (a=2)
& 150 —— e AR
#&
&
50
500 1500 2500
HeFP 2K BE S
(o HFETREAEZFIKE N

250 : ‘ :

& | l
#1501 !

% : 1

g | — &1IE (a=0)

R - BIE (a=1)

501 IE (a=2)

e ! —— B RHEK

5589 9 859 14 129
MK ER
(D) =4 o 51w S

B R R B B

1.3 ETHENBEEEEHIHEGRTEL

BEAL Y 0 2 3 50 AR b BLARCR L DA (AR B AT
ShEGH ARBCRINAN R R . dw . BRI A
PEEINEUE IEPSMCINRIIESE X P Yoy N

. 137 -



SEMICONDUCTOR OPTOELECTRONICS Vol. 41 No. 1

Feb. 2020

TELLAMEIBRAFER S LT . 5 Hod A 07 B P i &
W {E AR XF R (9 R s AT DL A A X AT X
(Relatively Uniform Regions, RUR), RUR 7¢ H
ity LT PRT v e S B0 B S8 O L. B TR AR
PP ARZE 5 Ok RUR M5 . S 740 RUR
14 W 70 2 T MR K 00 2% 5 JE 48 5K (Relative
Edge-strength Index, RESD T H /Y &5 45 #6229 #% .
SE={e(i.j) |1 <i<H,l<j<W)Enr
RESL HH e GH )58 7k

e(i,j)ZI—ZZ g{zr(z,]),l‘(g+u,] + o))

(10)
;H\:EPMQ'UG{_leovl}ﬂ(U97})¢(an)o g((lsb)
S — M ERE E SCIE
fla—06|<T

1,
g(a,b)ZE{ . (1D
, otherwise

Horp T ZWME. AT 6 RUR f iR sk, T
MZKF RUR M R EH %, T4 H, b
M) ¢ EEE L B, AR & RUR R, I
HTRENT=L—1", Hrp " EXWMT.

Sl an
F 38 B = A I K, BT SINE .

" = argmin
n€{l,2,,L}

—Cp T Cy T Cj

8
Knh: Gy C — Cs 9C:1+2 ‘ Ci |
i=1

(13)
Heri e {1,2,--.8}, ¢, AR A RESI HAEH 0
FHLC FoRho AR E, BRI RESIFHAA
AN TR) 22 B30 e A A B A, AT DLZE 30 ] RUR o e s
() [ B AR A5 2 R R KR . B XY MK, 4T
B LIRS B ER Y. .

2 SLENAE R

ARSCAE AR 2 50 i S BE AR AT T B RS
5. WEAEIEE TR T 50 kEMR. AT IEAE
P Bk gL LS ATCE™ , HMF A
SMIR"MW HEAT T HA ., AXH LS HIRE N a=1,
FEA B Y 7E MATLAB R2014a Hsz s, I 42t
JFAE 64 L Windows7 BN AL L #E 1T, Bl & R
16 GB RAM # Intel Core i7-4940MX 3. 3 GHz
CPU,

+ 138 -

R2 HREEMNEFRSHER

Hnsk | AL | BoR | IRIE | PR | A
DBl | Merlin | 825 12 | 312x255 | MWIR
DB2 | Tau320 | 522 14 | 324256 | LWIR

2.1 EETMH

R TR T B PG G iR R A UL RE R AT HLA
ST T = A PEAG FE B - BB (DE) Y 48 b
1% ZHE B (PixDist) ™ 1k JBCH1 B4 AR XX LL B B
B (QRCM)M . DE H kil & FZ i 5 BN %,
PixDist FH#e il i B4 b B A7 458 28 % 19 °F ¥ 0K B 2
5,QRCM NEZEA AR bR, T IEA R, =4
AL PP AR AR T B 7R AN R Al A, = AR
P 35 S B K, UG 38 i S8R B

A TR PR A% 348 o B0k 1 TR AN A5 Rk 3
R MFHA DU A s F B L 48 Bk e A
fabr A HE A BB AR = B RAFIMERE . HASE R
(82 o 30 A X6 Lb B2 O 6 7T . QRCML 4 5 5 0
WA Z MAEAE RGP I A DG . T 25 R R L
(0 B R AS T e 0 % I BE

*3 ERMBEFNTEITEER

BAmse | WHAhdE4s | ATCE | HMF | SMIR | AR K
DE 7.41 | 6.379 | 6.93 7.526
by | PixDist | 20.961 | 27.965 | 38.635 | 40.646
QRCM | 0.18 | 0.083 | 0.101 | 0.185
DE 6.972 | 6.188 | 6.976 | 7.341
PixDist | 29.249 | 27.023 | 38.902 | 42.397
bp2 QRCM | 0.104 | 0.031 | 0.192 | 0.232

2.2 EHEESHHT

X4 X AT T 300 BT & VAL I, anE 2
B Hr, AGC i B n] T 58 & S % e b
(22 R, IR e T DAAR G b O B8 D 4 7 Y
TR, T EE R, R R B T R 0 IR
JEMAREHESH B,

Bl 2 B —17 i o R B T ERE -
MEER ., HE =4 T2 M ER . AGC, ATCE
HMF Joik 78 53 ¥ 9 15 S xF e BE . HMF % S i
K4 B R AR, K HMF 5% A F1 ¥ 50 87
L) AP 47 1 TG 25 305 3k A L O TR v 2 0 )
M, SMIR FIA SCREIG T TRARX . K2 W
B AT WoR T B 20 5 B B LN R ER
gig . R ATCE BB EWACR (Al T
ATCE 25 T4 HE 5350, B I 7E A7 X557 19
X sk i R AR . SMIR A SCH 3L T DL A B



RS 2020 4E 2 A4 41 %55 1 4

i

ETEHAF S ALF BApe oot B8R

X

FIXTEEEREG, F2 ME=1TER TEREESR =
BRI R RO 25 51 EAawthEﬁSMm%
Wk, L, G ) B S B R R AR AR

(a)  AGC (b) HE (¢) ATCE

CiAE 2 RE R AT LUVE BRI AE AT
A Nl TR L Ot 7E R 47 B R B TR UG £ A
PR Y 58 B 45 B ATEAR 405
AL AESR 4 gl TR RIS S B SR
TERH], SMIR Ry R AR R BE 1 B ik — 1
IRBEGR, I, 75 46 2% K B a], ATCE i
AP —BrE A EE 2O H S RENAF, RE
FALE T HMF , 48 H 530k 9 Ak 24 ] i 48, 5 5 DA
A B RIE A H AR T T P i 25 A s s M B
x4 FHITEAE (LA :ms)

e | ATCE | HMF | SMIR | &3¢

DB1 893 10 10,826 | 54

DB2 929 13 5,716 | 53
3 énlb

A SCEE X IR LA BRI T — Rl R TR 2
Or A I B SR . A Y BT PR S 0
LR (S NS B o RO R e O R B P o o g
JEE 33 50 PR ) T A s A PR 0 T TR
AR ¥ 23 23 A 07 A R B e 7 RS A fE 1R
B DI BB R B E 7 B, A BRI T — R
ATT 5 %7 35T LI 5 0 [ AT A5 i AR 3

friEte . BA P EE Y5, ATCE @id 3T
T AT AR WAL TR BB E T BT I 7 55 i R
AR X5 6L T AR Dk DA LR B R Ok

(d) HMF (&) SMIR (h A
B2 Z0A R 0 5 Y S 36 45

SRR TR AR RN S A L,
& SR 0% RT3 A T H AT AT L Y 15 i AR
SR BT R, I [] I e T TSR

S EZ 0k

[1] Dong Y W, Lei S, No U. Design and application of an infrared
reconstruction  system [ J .

Instrumentation Technol. , 2014, 7(2). 243-246.

image  super-resolution

[2] He Fuliang, Guo Yongcai. Gao Chao. Human segmentation
of infrared image for mobile robot search[]J]. Multimedia
Tools & Applications, 2018, 77(9): 10701-10714.

[3] Davis M ], Tlhinger P D. New controlled rapid quench
technique in a 1 atm infrared image furnace[J]. American
Mineralogist, 1999, 84(1/2): 48-54.

[4] Tan W, Zhao C, Wu H. CNN intelligent early warning for
apple skin lesion image acquired by infrared video sensors[ ] ].
High Technol. Lett. , 2016, 22(1): 67-74.

[5] Zhang Hengwei, Ji Xiang, Zhao Wei, et al. Jamming effect of
laser on infrared thermal imagers automatic gain control circuit
[J]. High Power Laser & Particle Beams, 2011, 23(9);
2325-2328.

[6] Wu Wei, Yang Xiaomin, Li Hong. et al. A novel scheme for
infrared image enhancement by using weighted least squares
filter and fuzzy plateau histogram equalization[ J]. Multimedia

Tools & Applications, 2017, 76(54); 1-29.
[7] Z&ER. ¥ W, &%, F —FET PR/ ERMaIE

* 139 -



SEMICONDUCTOR OPTOELECTRONICS Vol. 41 No. 1

Feb. 2020

BRI ITELT]. WO S5, 2013, 43(6) . 703-707.

Gong Changlai, Luo Cong, Yang Dongtao, et al. Infrared
image enhancement method based on stationary wavelet domain
[J]. Laser & Infrared, 2013, 43(6): 703-707.

[8] Wrikst, LAEM, M9 2. H &N 8h A0 55 1) 5 77 B 8 ik
O] AN TR SR, 2015, 51(1): 167-171.

Chen Yongliang, Wang Huabin, Tao Liang. Adaptive dynamic
clipped histogram equalization title[ J]. Computer Engin. and
Applications, 2015, 51(1). 167-171.

[9] Tzer Y L, Kok S'S, Chih P T. Infrared image enhancement
using adaptive trilateral contrast enhancement [ J]. Pattern
Recognition Lett. » 2015, 54: 103-108.

[10] Khan M F, Khan E, Abbasi Z A. Image contrast
enhancement using normalized histogram equalization [ ] ].
Optik-Inter. J. for Light and Electron Opt., 2015, 126
(24) . 4868-4875.

[11] Celik T. Spatial mutual information and pagerank-based

contrast enhancement [ J]. IEEE Trans. on Image Proc. ,
2016, 25(10) . 4719-4728.
[12] & U, 3k . & @, % KT 50 2 5N i B g
WER[ID. Jem T - #OB. 2015, 26(1) . 192-198.
Zhao Fan, Zhang Bao, Zhao Jian, et al. The aerial image
enhancement algorithm based on histogram specification induced
by the adaptive function[J]. J. of Optoelectronics ¢ Laser,
2015, 26(1): 192-198.
[13] Geng A, Wan C, Li Y, et al. Image visual enhancement
based on layered difference representation [ J]. J. of

Electronics & Information Technol. , 2017, 39(4); 922-929.

TEZ T -
R EASI ).k, THIAMALR L, 3T,
R e ARG AIRFRMETLSEFE K,

E-mail: wuting@zut. edu. cn

P S O X R O O O S R N R N S O N N N N S R N N N S N N N N S X X N Y X S N X X S P P P X X}

=t ==t —nt—t—t =t =t — —at —t =t = —t—t —t—t =t =t — —t—t

(L% 134 7O

[13] Jurgen Sturm, Engelhard N, Endres F, et al. A benchmark
for the evaluation of RGB-D SLAM systems [ C]// 2012
IEEE/RS]J Inter. Conf. on Intelligent Robots and Systems,
2012 573-580.

[14] Lowe D G. Object recognition from local scale-invariant
features[ C]// ICCV IEEE Computer Society, 1999; 1150.

[15] Lowe D G. Distinctive image features from scale-invariant
keypoints[J]. Inter. J. of Computer Vision, 2004, 60(2):
91-110.

[16] Bay H, Tuytelaars T, Gool L V. SURF: Speeded up robust
features C]// Euro. Conf. on Computer Vision. Springer-
Verlag, 2006 404-417.

[17] Rublee E, Rabaud V, Konolige K, et al. ORB: An efficient
alternative to SIFT or SURF[C]// 2011 IEEE Inter. Conf.

=t =t =t =t —t—t ==t —t—t —t—t— =t —t —t =t — =t —t —t—t—mt— —}

on Computer Vision, 2012: 2564-2571.
[18] Forster C, Pizzoli M, Scaramuzza D. SVO: Fast semi-direct
monocular visual odometry [ C]// IEEE Inter. Conf. on

Robotics and Automation (ICRA), 2014.

fEE R

BT (1964—) . B, FRA &, Z B KK,
Eﬁfi%ﬁ,%%%ﬂrﬁk#% A 0L R
B ARG AP T E R EBZE RS R 12 L
A B ILAR R e ) R

R OFART—), F,HLA B HK, MEAEF
W, B o A B A AL SLAM, & = 4
® O ZREFAEF,

E-mail: tsong@cqut. edu. cn

e N RN N N N N N N N N N N N N NN N N N N N N N N N N N N N N N N N N N N N T T T T T T wuUwTwYTrww
=gt —t =t —t =t —t—t =t —t =t —t—t —at—t —t—t —t —t =t =t —t—t —t —t =t =t =t = =t —at —t =t —t —t —t =t =t —t —t —t —l =t —t — =t —t =t —t —]

(E#%F 102 )
Campbell S A. Micro-nano Scale Manufacturing Engineering
[M]. Yan Liren, Zhang Wei, Transl. Beijing: Electronics
Industry Press, 2011.
(161 sk¥at. 2OoKEE M HH S T
4, 2014 298-307.

ZiIIM]. dbat. ERRE IR
Zhang Rujing. Nanometer Integrated Circuit Manufacturing

Process| M. Beijing: Tsinghua University Press, 2014: 298-
307.

« 140 -

1@%‘%5\

F M99, B REA,PGHEFR(KE)
L%:ﬁ/\*rim'ljﬁk MR FT@ALRERLLRSG
AL E*;

TEHERA94—) . B, W AEHA MR A,
R T CANFERMERLLESL
E-mail: 1165149254@qq. com



CESROEH 2020 4F 2 A4 41 H5 11 KOK F BRATNAE L AR B AE M S R0 & R E S B AR

Jee AN B S A DOI: 10.16818/j. issn1001—5868. 2020. 01. 029

BX 5 =2 H15 B BY B (R BR 3% i 48 B 5 FR RY
=ik R E ikl

%Ok, RXEL, HEH T W, FEE, 2y’
(1. FEIRAFARERR EFS5XZETIREE, ARE 050003;
2. BRFLEE 31681 #RBA, HM KRk 741000; 3. R E 68129 ZRBA, 2241 730000)

M OE: AR RS M SR AR Ak 2 T B R R A, FRUE
MAEFEARG P AL, E T —FRA T A L B IR B4R 5 00 B 005 2% B ARkl ik,
FxuzoANATaLERRYLERETS5EAES . t5 BRSO MmAREIMES T2 RGAT
IR A B 4B FE o 64 B ARt ok st AT it i L i A P o — R KR g, it
oA AL T AR IR A R AR T 8 1) AR B AR A S AR Aol B AR, 8 A 3t ST AR 3 A AR T A
PR TP AR T PR AN TR EA TR EZ R MR Z R, B A TIRAR
BRAE Mo R 00 B R T B AR H kR B BME e A AR I R AT F B ARME B 0 B4 A
IRESEEAR I R AE AT @ X R 69 R X B B FFML Lo+ B R E A F R MR, A
R R A AN A, R TASW S LSERBERAH AT, 5N L T, 4R
R Z A RS IFE B GG,

KEER: EOGIEEG: TR BARKI s (R B B A s A B BR 25

FESES: TP751 XE4HS: 1001—5868(2020)01—0141—05

Joint Spatial Information and Improved Low-rank and Sparse Matrix Decomposition-based

Anomaly Target Detection for Hyperspectral Imagery
ZHANG Yan', HUA Wenshen', HUANG Fuyv', YAN Yang’, WANG Qianghui' s SUO Wenkai®
(1. Dept. of Electronic and Optical Engin. , Army Engin. University, Shijiazhuang 050003, CHN;
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Abstract; The hyperspectral anomaly target detection algorithm for low rank sparse matrix
decomposition ignores the problem that the spatial information of the image leads to low detection
accuracy. In this paper, proposed is an improved low-rank sparse matrix decomposition method
for hyperspectral anomaly target detection based on spatial information. The algorithm
comprehensively utilizes the spectral signal and spatial signal of hyperspectral image, and
combines with the sparsity of the image itself to improve the classical target detection algorithm
based on low rank sparse matrix decomposition. The algorithm is built around the pixel to be
measured. A spatial window of a certain size calculates both the spatial and spectral similarity
weight of the central pixel and other pixels in the domain, and obtains the weight of the central
pixel by calculating the proportional weight of other pixels in the domain to the central pixel. The
spectral values are constructed and the residual matrix is obtained. Finally, the hyperspectral

anomaly target detection algorithm based on low rank sparse matrix decomposition is used to

Wi HHEE-2019—09—09, obtain the sparse matrix of the image, and the
EEWA : FK A RPHIEEIH (61801507). sparse matrix and residual matrix representing the
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abnormal target information are added and solved. The euclidean distance between the matrix

row vectors obtains the degree of abnormality of the pixels, sets the threshold, and obtains the

detection result. In order to verifly the detection performance of the proposed algorithm, real

hyperspectral data is used for simulation experiments, and compared with the existing

algorithms, higher detection accuracy can be obtained.

Key words:

decomposition; sparse matrix; residual matrix
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A Construction Method of Low Error Floor QC-LDPC Codes Based on
The AP and Eliminating Elementary Trap Sets
YUAN Jianguo, WANG Hongsen, ZHANG Xirui, LAI Chunhong

(Chongqing Key Lab. of Photoelectronic Information Sensing and Transmitting Technol. ,

Chongqing University of Posts and Telecommunications, Chongqing 400065, CHN)

Abstract: Aiming at the problem that there may be an error floor of quasi-cyclic low-
density parity-check (QC-LDPC) codes in the higher signal-to-noise ratio (SNR) region, a novel
construction method of QC-LDPC codes based on the arithmetic sequence (AP) and eliminating
elementary trap sets (ETS) is proposed. The method uses the improved ETS elimination
algorithm to construct the base matrix and reduce the small ETS, and then applies the AP with
the specific character to confirm the cyclic shift coefficient, thus the base matrix is extended to
obtain the final check matrix, furthermore, the proposed construction method has the low
computing complexity and can flexibly design the code-length and the code-rate. The simulation
results show that at the bit error rate of 10 °, the net coding gain of the progressive edge growth
(PEG)-trap set-AP(PTAP)-QC-LDPC(1200,600) code with a code-rate of 0.5, compared with
those of the QC-LLDPC (1200,600) code in IEEE 802. 16 standard, the PEG-AP-QC-LLDPC(1200,
600) code based on PEG algorithm and AP, the CC-QC-LDPC (1200, 600) code based on

WS E 2019 12— 19. controlling cycles (CC) and the AP-QC-LDPC

HE2TB HFARB#IESTH(61971079,61671091);  (1200,600) code based on AP, is improved up to
PR ARl AT ST A (ests2017jeyj AX0427). 0.08, 0.31, 0.57 and 0. 64 dB respectively, the
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constructed PTAP-QC-LDPC (1200, 600) code can effectively improve the error correction

performance in the higher SNR region without the obvious error floor.
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