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Image engineering in China. 2021

Zhang Yujin”"
Department of Electronic Engineering, Tsinghua University, Beijing 100084, China

Abstract: This is the 27th annual survey series of bibliographies on image engineering in China. This statistic and analysis
study aims to capture the up-to-date development of image engineering in China, provide a targeted means of literature
searching facility for readers working in related areas, and supply a useful recommendation for the editors of journals and
potential authors of papers. Specifically, considering the wide distribution of related publications in China, all references
(833) on image engineering research and technique are selected carefully from the research papers (2 958 in total) pub-
lished in all issues (154) of a set of 15 Chinese journals. These 15 journals are considered important, in which papers con-
cerning image engineering have higher quality and are relatively concentrated. The selected references are initially classified
into five categories (image processing, image analysis, image understanding, technique application, and survey) and then
into 23 specialized classes in accordance with their main contents (same as the last 15 years) . Analysis and discussions
about the statistics of the results of classifications by journal and by category are also presented. Analysis on the statistics in
2020 shows that image analysis is receiving the most attention, in which the focuses are mainly on object detection and rec-
ognition, image segmentation and edge detection, as well as human biometrics detection and identification. In addition, the

studies and applications of image technology in various areas, such as remote sensing, radar, sonar and mapping, as well

%8 B #9:2022-03-07 ; 1& @ B #A:2022-03-21 ; FEN A B #A:2022-03-28
# WIEMEE . HHY  zhang-yj@ tsinghua. edu. cn
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as biology and medicine are continuously active. In conclusion, this work shows a general and up-to-date picture of the

various continuing progresses, either for depth or for width, of image engineering in China in 2021. The statistics for 27

years also provide readers with more comprehensive and credible information on the development trends of various research

directions.

Key words: image engineering; image processing; image analysis; image understanding; technique application; literature

survey; literature statistics; literature classification; bibliometrics
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8RBT 5 AN KT 23 /NG (BT, 2006a,
2007a, 2008, 2009a, 2010, 2011a, 2012, 2013a,
2014, 2015a, 2016, 2017a, 2018a, 2019, 2020,
2021a) , T ZedE R4S B H A SR AN /IN IS Y 44
FEARAS A5 BB H AN & R, X% 2 BT
RS AERE 5 I SCFE NI AT T — i s
MFESL, 422 BAFRFNE 45 4108 0 Xnl 2 0,
TR (2021¢) .

4 XETEZITERFITIE

FRAE 1A% F 01 T 25 BRI SC ik 3 2 S | AR S
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T SCHR FP AR A A 0 Bk T N A S R T
FEBYIA G 833 Fi STk, AR5, MRAE R 1 fr 5
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Table 1 Classification scheme for publications

RIF A K

LR A

Al BHBSRH (AR Bl BT 25k RIHBCR B FRIE BAT 6k SRR LR HES)
A2 FUGEE (ABGR SRR AR )

A3 PR/ KT (S AR R A B B RO LE R A A )
A4 TEG DUUR A0 G % (LA ST AR G [ BRbn vl S BRRIHE 2 )

A5 BB R A (RO K ED AR EURURL . R GIEHGIESF)

A6 EURZ Iy B AL B (BT R E A | KR AR PR H5E)

A EGAEE

Bl B EI B ORI (D2 S A5 B8 E A5
B2 HbRRIE Ak I (RS EEGIE S )

B EM&SHr B3

HARFEEAR O BT (B SO JBAR (25 10] 254 s gl W3 R TESE)

B4 HARGIAIR (B bR 2D EAL GBER R SERIFI532E5E)
B5  AMAEYRRESE O SOUE (B AR A A5 A I 2 5 U 5

Cl [ERVCECRIRS & (A58 Sz AR BCE | B 55 )
2 SRR (3D YRR AR R A

c KFGHEm 3

PGB R S (ELAE T SmA 7 S8 HLaR 27 > A AE )

C4 T ARG G R (LG ARN AR T8 SRR 5 73 2655
C5  WZEOR(RYEEsh b B bR 3D LRI A BRER | 2% 1WA AT Ol PRAR 45 )

DI BEPF, RGEBCAE MPUE/ Ik

D2 AE P R (LA R TR AR

D3 SO SR (RLESCE BT A 5EE)

D4 Ry RS (B TR fRFESE)

DS Bk S W

B

D6

\

E  ZRFE Kl

Lt (B0 B/ W A0 35 70 A2/ N R BOR BT )
5 R ER AR (IR RL AR AL B 43 A7/ B, il M B B TR )

#2503 23 A /hErh . FREAR I B SR
N AR AT e 5 JLAS /NI AR G (EAR SC (R4 A 25
RN — T %) SRR SCHR A 3 25T N
A FEEH AW ST~ NE (LA AR R
(L5 SCHR HRTERIA7E E 28, R SCERBCE A £,
Hor 7 1A EL/NE) . T AH R4 51 3 B il
B/ P ) RN TR RG24
4.1 27 FEGITREEKEIFAS EMBR L

2 45 th DA ZRIAR RN IR Lok 3k 27 AF rpoxt
HIA 15 AN HA 1) om0 28 ) Sk ) 50t ( SCimk 2400 |
A H i B A T SR A A (3 BURER0)

TIOR8 IR KRR A SCHR B0 BB B i SC ik
O35 DREGIRBIEER . Horb /N HE R4
JER 27 AFHEATHY 5 A AL AR5 R 2 AR AL
Yo A% SR B AR (Y 4R ) S e BOCHR R T
i B B

N TG M E MM 2 AR R AL
BLL T 2 T IX 27 SRR SCHRIE A1 B0, RISk
R R U S 3 MR gt e, G b B Al A S 4R
JE, 7230 SNl 48 7 SR ECRE ( STk R B s O
B AR TE R SCERIE IR, 8] 2 i T i 27
AESCHR A 2 v i B 5 Ak B (image processing, TP) |
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K553 Hr (image analysis, TA) FRERf# (image un-  TA)4 ZESCHRECE 19 M 2k (BEGhAE R 4R , YT 7R
derstanding, TU) Fll4% AR . ( technique application, H G BEBCCHR BB B R/ % ) .

F2 ®iE27T FEGIREXHENMSER

Table 2 Selection and categorization of image engineering publications over the last 27 years

SCHRACEE (SCRRECE 76 5 47 B e IBOCC R Hh B o5 9 LRA9/% )

R SCEREED BEHUERC BEICR/%
Pl {5 Ak 7t KIS Hr P4 B i AR LIPS

1995 997 147 14.74 36 (24.5) 51 (34.7) 14 (9.52) 46 (31.3) —

1996 1 205 212 17.59 52 (24.5) 72 (34.0) 30 (14.2) 55 (25.9) 3 (1.42)
1997 1 438 280 19.47 104 (37.1) 76 (27.1) 36 (12.9) 60 (21.4) 4 (1.43)
1998 1477 306 20.72 108 (35.3) 96 (31.4) 28 (9.15) 71 (23.2) 3 (0.98)
1999 2048 388 18.95 132 (34.0) 137 (35.3) 42 (10.8) 73 (18.8) 4 (1.03)
2000 2117 464 21.92 165 (35.6) 122 (26.3) 68 (14.7) 103 (22.2) 6 (1.29)
2001 2297 481 20.94 161 (33.5) 123 (25.6) 78 (16.2) 115 (23.9) 4 (0.83)
2002 2426 545 22.46 178 (32.7) 150 (27.5) 77 (14.3) 135 (24.8) 5 (0.92)
2003 2341 577 24.65 194 (33.6) 153 (26.5) 104 (18.0) 119 (20.6) 7 (1.21)
2004 2473 632 25.60 235 (37.2) 176 (27.8) 76 (12.0) 142 (22.5) 3(0.47)
2005 2734 656 23.99 221 (33.7) 188 (28.7) 112 (17.1) 131 (20.0) 4 (0.61)
2006 3013 711 23.60 239 (33.6) 206 (29.0) 116 (16.3) 143 (20.1) 7 (0.98)
2007 3312 895 27.02  315(35.2) 237 (26.5) 142 (15.9) 194 (21.7) 7 (0.78)
2008 3359 915 27.24 269 (29.4) 311 (34.0) 130 (14.2) 196 (21.4) 9 (0.98)
2000 3604 1008 27.97 312 (31.0)  335(33.2) 139 (13.8) 214 (21.2) 8 (0.79)
2010 3251 782 24.05  239(30.6) 257 (32.9) 136 (17.4) 146 (18.7) 4 (0.51)
2011 3214 797 24.80  245(30.7) 270 (33.9) 118 (14.8) 161 (20.2) 3 (0.38)
2012 3083 792 25.69 249 (31.4) 272 (34.3) 111 (14.0) 151 (19.1) 9 (1.14)
2013 2986 716 23.98 209 (29.2) 232 (32.4) 124 (17.3) 146 (20.4) 5 (0.70)
2014 3103 822 26.49 260 (31.6) 261 (31.8) 121 (17.7) 175 (21.3) 5 (0.61)
2015 2975 723 24.30 199 (27.5) 294 (40.7) 103 (14.2) 119 (16.5) 8 (1.11)
2016 2938 728 24.78 174 (23.9) 266 (36.5) 105 (14.4) 172 (23.6) 11 (1.51)
2017 2932 771 26.30 204 (26.5) 248 (32.2) 127 (16.5) 186 (24.1) 6 (0.78)
2018 2863 747 26.09 206 (27.6) 275 (36.8) 100 (13.4)  155(20.7) 11 (1.47)
2019 2854 761 26. 66 165 (21.7) 272 (35.7) 136 (17.9) 183 (24.0) 5 (0.66)
2020 2785 813 29.19 153 (18.8) 300 (36.9) 134 (16.5)  217(26.7) 9 (1.11)
2021 2958 833 28.16 171 (20.5) 312 (37.5) 130 (15.6)  210(25.2) 10 (1.20)
AN 70783 17535 —  5195(29.63) 5692 (32.47) 2637 (15.04) 3818 (21.77) 160 (0.91)
FH 2622 649 24.77 192 211 98 141 6

=" s o

X 2% 2 MG EE UL 1 A 2 s 1)2021 4F 15 AN A48 BRI A S 2020 4F
HHZR 0 BT il LA H FAIA A2 154 8. {H 2021 4R PTGt 20 SC ik Ao %1



Fo7E/F4H /2022 F4 8

EHE / PEEBRIRE: 2021

4000 -
—e— JUiREEL

3500 f —e— BEHCEHL

3000 Frmmmm e e

2500 fomome e . L

=
22000 F---- 4
B

(3]
SCHRERCR /%

Ay
B 1 el 27 AR EMG AR SOk e B 26

Fig.1 Selection curves for image engineering publications over the last 27 years
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Fig.2 Categorization curves for image engineering publications over the last 27 years
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3)2021 4 B 53 M K& 4 SCHR B i AT SR AE 4%
ANREPHEA S 1, WAy EER T R AR
A SCRRECRE P HESE 2, e Iy s B TR 2 A R 2R 7
AR RSB 1 o LR RS 2 i e X

2017 SRy ZE R (BEHR T, 2018a) TR HI Y, X &
FUG T AR AR ST % 20 FR AR 1) 8 )2 R TR 46 21

4)7E 2021 4F , B AR F RS SCHR B it Ak 2L
F G AL SRS ) SOk 3 1 AT DA o [R1AR
TRRMIBIRA T — % BB A SCH AR B £
T (EHFE, 2021a) ,
4.2 2021 & V|EGRITEXETIEFR

P23 5T 04T 2021 AF SC ik 4 3 OIS B LA
Keor 5 ARG I EAREE ()2 AR Fir 45 1 4
HRSGE PG T ) . 33 v, 2B B S
HREE S X —H TR B R A& IR R
(1) SR A 5 B A O MR T AR Y SR Bt 38
B A7 246 4% ) i e B A R T Sk A i 5 7% T
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FR A0 AR R BE 5 TR LL (912 48 A3 ) o g B PR 5
AR SCHRBCR AR BT A 15 300 ) v e BBy PRI T 7
SCHRE RS HLIRTAIT 3 A9 20 LU, Bk T Rl £
GETT AN TER (e —E R BE LR T TR
BITRROTIE SRR B TTHR) .

3 AR A AR IR 1 ST 28T
RIS DRI T 5 5,53 5 25 T 2% 97
JIT i SCHR T R R RS B . AT LR H 25301 1)
1 = BT i U BRI SCRR I A5 . AR 3 AT

B RAR o0 T 2 L R T B T RIS Ak B
(1P) (& B (TA) | PR B (TU ) FE ARz ]
(TA)4 DNRFE (LB PFIE R (E) SCk A A/,
OB X L 7 M B 5 ) o A T I SCRR
WEBA e ik 4 DRE fE—ERE LR
W T T A AN E ALl A, et n] EUMAS )
TERSAN R AR RO, 45 Gl T LA
ANFETITEN A BA — S B AME B4 6 R 52
AT X R T AR 255 1) 19 S8 BE BT

F3 15 FHEAT] 2021 ERG TEXEIEN S E—

Table 3 Summary of selected image engineering publications in 2021 over 15 journals

Ny s YA,

WRERCEEND)  mms oieg s (BN R N ”\jé -
CT it 5 n R (CT) 6 86 10 11.63 1.20 1 4
M2z (CX) 12 157 35 22.29 4.20 5 10 20
T A AR 2ER (DC) 12 328 79 24. 09 9.48 13 27 11 28
L 242 (DX) 12 303 52 17. 16 6.24 14 18 10 9 1
BT 515 B 224 (DxX) 12 458 89 19.43 10. 68 30 37 9 13
THEHLAEH (IX) 12 144 24 16. 67 2.88 10 6 7 1
BN 5 AN T EE(MR) 12 108 58 53.70 6. 96 10 34 9 5
B RS AT (SC) 6 118 42 35.59 5. 04 8 26 6 2
TEFR(TX) 12 240 12 5.00 1. 44 4 6 2
S AL (XC) 12 254 66 25.98 7.92 21 27 9 9
TR (YX) 12 179 51 28. 49 6.12 12 10 10 18 1
[ AR R 2 TR AR (ZS) 6 87 22 25.29 2. 64 5 3 14
A2 5 MG e H (2T 4 46" 27 58.70 3.24 8 5 3 11
v [ [ 4 R 24 ( ZTu) 12 227 207 91.19 24. 85 24 74 38 63 8
M 22 4R (ZX) 12 223 59 26. 46 7.08 7 33 8 11
/N 154 2958 833 28. 16 100.00 171 312 130 210 10

T FRAAIETE

SR AW AT EORH LU, P 3 R A TR
2021 AF-F3E U EE B A 5Tk EE 1) 53 0] DUAE TR P fek 7
Hisk, M523 R 3 gL, 7T Ao Hrfs 3
INIIBECE S

1) A FIREE LGl 25 ) T 2021 4RI — 4R N
X S T ) A A S Pl 45 T SR A8 AR o A
TE—ERESE b e T AT R B B i i Ll i [l P A
BRI A L, s UiA 58 15 T A% STk
Mg AR, P 3 Al O, Cp E R IETE 22400 1)
VeI LISt 90% A2 fm BT A 9 FIEE 1 (358 1

WR-EAHEEE), X—FLERY, (PREREZR
FIE A4 ) w52 fe e TR PR TR AL, $2°F
SR PIASTE 2021 4F 358 B L 491 458 e ) 30 AR Y 51l
SRR 5 A TR RE) M E AR A 5 R A
GRAT) ML IR T 50% , BN LR
FTAY AR TR R, (B A QB 3 R 8 5k, &
SEb, — P T A e 3 ) SCRR R 2 O AN AR
(>10), BT LA, 36 B EE Bl o 20% #9391 117 24 45
SR 2 A P LA B0 AR S SR (2 L0 T IS 3
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Fig.3 Selection ratio and contribution ratio of image engineering publications in 2021 over 15 journals

2) TESCHRIT 2 A 7 AR AR SR X 3 )
AT PR A 12 (T 224, 1993) , Hidr, W28 5C
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DU L 5] 2 I P 2 A2 B P T 32 BBy Pl 45 TR Sk
BORAERTA 15 i )T B G TR Sk B AL
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JE R SCEPE, XA U BIAREAS AL, 3 il L,
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25% A5 HAIT] 20 24 Dok — gk Lk 7E X L 1 ]
FP R i FE A, X I T A AT 1 (2006 ) FiF
& i, B UL E B B 2 ) 76 e 3 = [#4
TR ST A 1 SR | i G R 1 R A T
AR E] T HEMIEM ;I N F R TR T
KRR N B R T EASS A e P i, %
JEENZIA AR —A LB A A ) (B A
4, 2007) , Hoxd b E EMG T AR R RS SR M
WY, R ORTTER LB 6. 7% (=1/15) 3 T
WA (L F 515 B4Rl DU 5 A s 2
) (fEF bR A i) R a5 A
TABEY . Ji4h, IEWATJLAESEE 48 0y (i,
2019) : £ R B A IE 8k 8 22 4t i 209 K1
22 Tl AR 3 S50 P 00 T A8 RS B A R v i LA
CHL I SR 2 i) b 8 R O SCRR B T A A
TR,

3) MR SCER B R (T 4R, 1993) , A K —
SRR AR SR 2 K AR TP TE BN £ 1) 32 )
L A SCHR I o3 B 35 2 B A ) I

M 2021 AEBAEE , BUR TR 2= SOk 9 53 At 45
BIREARE, HER 3 A T 0y B B DT L
AT U, | e FRAEAR SC SCHRAE Th R B Je s 1) 5 R BT
B¢ E R B A4l ) (B S51E B0 (BT
D AR AR (RS A B AR R B 5 N T
Ahe)y Ly B TR SCERECRE & P50 60% i
2,20 4 10 FHPLEAIY 1.5 £,

4.3 2021 FERBEBEGIEXHMIFHEDLBFR

BHZ B SO & FRIERHIE A I BIFFE BRI —F A
W, RZEEHE N TR R — AR BER TAE (RS
RS SC) B W S h e T A9 O - Fr
DL /INIESCHR BB A — e R i TR R Rb2
U PR ST [ PRI T 32 B ) O T R B AT )
SR AR 5] Bt X A9F 5 i BRUAS: P B SR A —
IR IEMAE R, 3% 4 45 T X% 2021 4F fir 2 R
TRESCHRIE— 243 1 BT 23 /NEHE T3 2K 50
AR ORE A ESE S

R TR B A 4SS /INE SRR Y
AXTHER A3 tE L, B 4 VTR I IE 20k R & 4
o 23 AN RGN TSR

WX 4 FE 4 G AR T SR R
G| FPHT AT () X B B HE (BB, 1996b, ¢, 1997,
1998, 1999, 2000, 2001a, 2002a, 2003a, 2004,
2005, 2006b, 2007a, 2008, 2009a, 2010, 2011a,
2012, 2013a, 2014, 2015a, 2016, 2017a, 2018a,
2019, 2020, 2021a) HEAT LA AT LA H .

1) 7E 2021 4% BG4 /N2 “ B4 . H bR I F
P A SRR I T 120 IRHEA 2R 1(2020 4EHE
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Table 4 Detailed classifications (23 classes) of selected image engineering publications in 2021

U=l
RS
Al A2 A3 A4 A5 A6 Bl B2 B3 B4 BS ClI C2 C3 C4 C5 D1 D2 D3 D4 D5 D6 El
[CT] 4 1 1 2 2
[CX] 2 3 9 1 18 2
[DC] 4 1 7 1 7 1 3 11 5 5 1 5 5 1 3 1 18
[ DX] 3 7 2 2 4 2 7 5 2 3 4 1 1 3 3 2 1
[ DxX] 15 8 1 5 1 38 4 16 9 2 1 1 5 4 2 1 4 2
[IX] 1 5 4 2 2 2 1 1 2 2 1 1
[MR] 2 5 1 2 11 3 14 6 2 2 3 2 1 3 1
[SC] 5 1 2 6 3 8 9 2 1 3 1 1
[TX] 1 3 5 1 1 1
[XC] 8 1 2 10 5 1 15 6 1 1 1 6 8 1
[YX] 9 3 2 1 7 9 1 1 17 1
[7S] 4 1 3 1 13
[ZTi] 2 3 2 1 2 1 1 1 3 1 4 2 4
[ZTu ] 3 7 1 6 7 35 8§ 19 12 9 12 2 9 6 4 2 2 12 28 15 8
[ZX] 2 2 1 2 10 1 15 7 4 1 2 1 2 2 3 4
/N 51 11 54 8 34 13 98 2 26 123 63 49 20 7 24 30 20 4 10 44 80 52 10
140
120
h\i 100
18 80
]
=60
a 40
20 — —
Yol bn oI P BT
Al A2 A3 A4 A5 A6 Bl B2 B3 B4 B5 C1 C2 C3 C4 C5 DI D2 D3 D4 D5 D6 El
N
&4 2021 4E%F 23 DN/NKRHEAT TR 73 280 45 2R
Fig.4  Classification results for selected publications in 23 classes for 2021
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MFR IS T8 2 UR (F80E , 2001b; Zhang,
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153 f 22 D FIUS e 22 SR 1A 2 R 0 AT R
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VR AE R T A BB AR 1 1o P T 32 J 2 s
F QUSRI B F i, (b B LR DR 241 W
SR AR OC SR B AR Y MR T AR B

LR RGN — DR R TR 24— H
TG — AR 15 B ) X SRR R EUE )t B AR
PRI T30, 68 SCHR T TS G2 3 03 28 o D) o A 4B
PR LA A Z AR R GE i H A R BA ] 2
HE M, T L a] B G RR R B B 2 ( Zhang,
2018b) , LG HIEEANLIR R, NPER T AT LT
st 2 A2 i TR G TR T RN N R A R A
B0, A AR K e i it — S SN | JATTT 57 XoF
FRHY A A POUF R B 22 B & R TT 1) B — 22 H.
ARAE . 3 0h LR R RN 7= 3R E EUR T AR
FN K BUR AR DR AT T TARGF Y
Fhih (FfE MZEE, 2001), FTLL, BARIXAS TR
B 2 U ) A JR 8 K i) SCHR B R Foet He gt it o3
BB T A B SR 2 A A — N5 i 114 2 ORISR ) B
e, R R AR | TR 52 | 20 BT R 2R AR N
A AP AR /Y 225 B A48 v Ay
BRI AE B LR 64T, (H N T4 40 AR T
X PRAIE J5T & A7) S8 4 A 1] R ( Rosenfeld, 2000) )
ZTAEC R R ARA & SO X R Y AR 2k 22
T2 A B ST A e 5 N A ATk Y
FBL (AT EZF, 2008) 45 G, i — 42
rh R TR & AT R BT R
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