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Twenty-five years of image engineering in China

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

Abstract: This is an overview of the annual survey series of bibliographies on image engineering in China for the past 25
years. Images are an important medium for human beings to observe the information of the real world around. In its general
sense, the word “image” could include all entities that can be visualized by human eyes, such as a still image or picture,
a clip of video, as well as graphics, animations, cartoons, charts, drawings, paintings, even also text, etc. Nowadays,
with the progress of information science and society, “image” rather than “picture” is used because computers store nu-
merical images of a picture or scene. Image techniques are those techniques that have been invented, designed, implemen-
ted, developed, and utilized to treat various types of images for different and specified purposes. They are expanding over
wider and wider application areas. They have attracted more and more attention in recent years with the fast advances of
mathematic theories and physical principles, as well as the progress of computer and electronic devices, etc. Image engi-
neering (IE) is an integrated discipline/subject comprising the study of all the different branches of image techniques,
which has been formally proposed and defined 25 years ago to cover the whole domain. Image engineering, from a perspec-
tive more oriented to techniques for treating images, could be referred to as the collection of three related and partially over-
lapped groups of image techniques, that is, image processing (IP) techniques (in its narrow sense) , image analysis (1A)

techniques and image understanding (IU) techniques. In a structural sense, IP, TA and IU build up three inter-connected
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layers of IE. The three layers follow a progression of increasing abstraciness and of decreasing compactness from IP to IA to
IU. Each of them operates on different elements (IP’ s operand is pixel, IA’ s operand is object, and IU’ s operand is sym-
bol) and works with altered semantic levels (from low level for IP, via middle level for TA, and to high level for IU). The
evolving of image engineering is very quickly, its advances are closely related to the development of biomedical engineering,
office automation, industrial inspection, intelligent transportation, remote sensing, surveying and mapping, and telecommu-
nications, etc. To follow the development and to record the progress of image engineering, a bibliography series have been
started since the propose of image engineering 25 years ago, and this work has been made consecutively till this year. With
a set of carefully selected journals and the thoroughly reading on the papers published, several hundreds of papers related to
image engineering are chosen each year for further classification and statistical analysis. The motivations and purposes for
this work are three folds. 1) to enable the vast number of scientific and technical personnel engaged in image engineering
research and image technology applications for grasping the current status of image engineering research and development,
2) to help them for searching relevant literature in a targeted manner, 3) to provide useful information for journal editors
and authors. Based on these three points, the statistics and analysis of the previous year’ s literature related to image engi-
neering are carried out in every year. In particular, three works are mainly conducted. 1) Forming a classification scheme
for literatures. The coverage of research and technology in image engineering is quite large. For the analysis to be general
for the whole domain and specific for particular direction, a classification scheme in two levels for literatures is formed. The
top level is for the research domains in general ( main-class), and the bottom level is for the specific research directions
(sub-class) . With the development of technology, the sub-classes have been adjusted and increased, from the initial
18 sub-classes to the current 23 sub-classes. 2) Analyzing the statistics for main classes of literatures. This analysis could
provide a general picture over the different research domains along the years. 3) Analyzing the statistics for sub-classes of
literatures. This analysis could deliver a specific figure to the different research directions at the current year. In the past 25
years, a total of 2 964 issues of 15 major Chinese journals on image engineering in China have been selected for this annual
survey series. From 65 014 academic research and technical application papers published in these issues, 15 850 papers in
the field of image engineering have been chosen, and classified according to the contents, into five broad classes: (A)
image processing, (B) image analysis, (C) image understanding, (D) technology application and (E) review. Then they
are further divided into 23 professional sub-classes, namely in brief; ( Al) image capturing; ( A2) image reconstruction
from projections; ( A3) image filtering, transformation, enhancement, restoration; ( A4) image and/or video coding;
(A5) image safety and security; ( A6) image multiple-resolutions; ( Bl) image segmentation; ( B2) representation,
description, and measurement of objects; (B3) analysis of color, shape, texture, structure, motion, spatial relation;
(B4) object extraction, tracking, and recognition; (B5) human biometrics (face, organ, etc. ) identification; ( Cl)
image registration, matching and fusion; (C2) 3-D modeling and real world/scene recovery; (C3) image perception,
interpretation and reasoning; (C4) content-based image and video retrieval; (C5) spatial-temporal technology; (D1) sys-
tem and hardware; (D2) telecommunication application; (D3) document application; (D4 ) bio-medical imaging and
applications; (D5) remote sensing, radar, surveying and mapping; (D6) other application domains; and (E1) cross cat-
egory summary and survey. In this paper, these classified data for all 25 years are integrated and analyzed. The foremost
intention is to show a progression of image engineering, and to provide a vivid current picture of image engineering. An
overview of the literature survey series on image engineering made in the last 25 years is supplied. The idea behind as well
as a thorough summary of obtained statistics for this survey are illustrated and discussed. Many useful information regarding
the tendency of fast progresses of image engineering can be obtained. According to the statistics collected and analyses per-
formed, it is seen that the field of image engineering has changed enormously in recent years. It is seen that techniques for
image engineering being developed, implemented and utilized on a large scale no one would have predicted a few years ago.

One interesting point should be mentioned here is that the fast growth and relative increase of image analysis publications
over image processing publications are clearly observed. This gives an indication of a general tendency for the image engi-
neering toward to higher layer. After image analysis, image understanding will catch up and come from behind. This trend
has already made an appearance, for example, in the International Conference on Image Processing (ICIP2017), the new

research papers related to topic of “Image & Video Interpretation & Understanding” are much more than those related to
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topic of “Image & Video Analysis” (http: //2017. ieeeicip. org/) . In addition to the statistical information for publica-
tion in these 25 years, some main research directions are analyzed and deliberated, especially those in image processing,
image analysis and image understanding, to present more comprehensive and credible information on the development trends
of each technique class. Some insights from it are also pointed and discussed. It is evident that through the statistical analy-
sis of the published papers in important journals of image engineering, it cannot only help people understand the general sit-
uation of researches and applications, but also provide scientific basis for the development of relevant disciplines and
research strategies.

Key words: image engineering (IE) ; image processing (IP); image analysis (IA); image understanding (IU) ; tech-

nique application (TA) ; literature survey; literature classification; bibliometrics
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Table 3 Selection of image engineering literatures for 25 years

AR S SCHR L PSR PR/ %
1995 67 997 147 14.74
1996 75 1 205 212 17.59
1997 85 1438 280 19. 47
1998 87 1477 306 20.72
1999 96 2 048 388 18. 95
2000 96 2117 464 21.92
2001 108 2 297 481 20.94
2002 108 2 426 545 22.46
2003 108 2 341 577 24.65
2004 108 2 473 632 25. 60
2005 112 2 734 656 23.99
2006 112 3013 711 23. 60
2007 118 3312 895 27.02
2008 120 3359 915 27.24
2009 134 3 604 1008 27.97
2010 134 3251 782 24.05
2011 134 3214 797 24.80
2012 134 3083 792 25.69
2013 140 2 986 716 23.98
2014 148 3103 822 26. 49
2015 148 2975 723 24.30
2016 148 2 938 728 24.78
2017 148 2932 771 26. 30
2018 148 2 863 747 26. 09
2019 148 2 854 761 26. 66
Bt 2 964 65 040 15 856 -
Sy 119 2 602 634 24.38
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Table 4 Classification of image engineering literatures for 25 years

SCHRACEE (SCHRECE A 547 B e BOCCRRECRE Hh B o B9 LRA9]/% )

i PG AL 3 BEEEieii P15 3 fi s NIVAE| ZERITE
1995 36 (24.5) 51 (34.7) 14 (9.52) 46 (31.3) —

1996 52 (24.5) 72 (34.0) 30 (14.2) 55 (25.9) 3(1.42)
1997 104 (37.1) 76 (27.1) 36 (12.9) 60 (21.4) 4 (1.43)
1998 108 (35.3) 96 (31.4) 28 (9.15) 71 (23.2) 3 (0.98)
1999 132 (34.0) 137 (35.3) 42 (10.8) 73 (18.8) 4 (1.03)
2000 165 (35.6) 122 (26.3) 68 (14.7) 103 (22.2) 6 (1.29)
2001 161 (33.5) 123 (25.6) 78 (16.2) 115 (23.9) 4 (0.83)
2002 178 (32.7) 150 (27.5) 77 (14.3) 135 (24.8) 5(0.92)
2003 194 (33.6) 153 (26.5) 104 (18.0) 119 (20.6) 7(1.21)
2004 235 (37.2) 176 (27.8) 76 (12.0) 142 (22.5) 3(0.47)
2005 221 (33.7) 188 (28.7) 112 (17.1) 131 (20.0) 4 (0.61)
2006 239 (33.6) 206 (29.0) 116 (16.3) 143 (20.1) 7 (0.98)
2007 315 (35.2) 237 (26.5) 142 (15.9) 194 (21.7) 7 (0.78)
2008 269 (29.4) 311 (34.0) 130 (14.2) 196 (21.4) 9 (0.98)
2009 312 (31.0) 335 (33.2) 139 (13.8) 214 (21.2) 8 (0.79)
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2014 260 (31.6) 261 (31.8) 121 (17.7) 175 (21.3) 5(0.61)
2015 199 (27.5) 294 (40.7) 103 (14.2) 119 (16.5) 8 (1.11)
2016 174 (23.9) 266 (36.5) 105 (14.4) 172 (23.6) 11 (1.51)
2017 204 (26.5) 248 (32.2) 127 (16.5) 186 (24.1) 6 (0.78)
2018 206 (27.6) 275 (36.8) 100 (13.4) 155 (20.7) 11 (1.47)
2019 165 (21.7) 272 (35.7) 136 (17.9) 183 (24.0) 5 (6.57)
it 4871 (30.72) 5080 (32.04) 2373 (14.97) 3391 (21.39) 141 (0.89)
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s
el
&
fm

2007 2009 2011 2013 2015 2017 2019
Ay

0 1 1 1 1 1 1 1 1 1 1 1
1995 1997 1999 2001 2003 2005

K2 25 4RI TR SCHR 24k

Fig.2 Category curves for image engineering publications over the last 25 years

FE— BRI OCAR R AU b SC AT B AN B Jin ey 5 17
AL

xR 4 BIGETHEE LR 2 BB 2R Y
FE AT Al LA

1) PG Ak 380 2H A0 P 45 73 B R 6 14 SRR B
BRI B 629 |, 3K S RS SR X SE AR (KR
TREARM T Z S, T A, R B R 2K i STk
B s TR 15% W5 A TAR R AR K
B,

2)FEIX 25 AF fR I B, P RAL 3R 2 A9 SCHR
K 1R R SCRR B 5 TR~ B, K
B BT RIEH SCHREC T PR A BRI Y SCHR
B, Xk TSR TR th AR Z 0] e J2 K
ks,

4 BRFTETE

AR /N AR T AR BIFFE 7 15, BT LA
B/ NIESCHR A R AL A — RE R L e T AN Rt
FEIT 1) Pl 3% B R BT R A2 AR B, A
i, TR 5 1B A% /NI SO R 1 A2 ik 22 %
P GAF T A R A SCRRECRE (19 52, e LT 1 23 33
Xt 4 KA 3 AR/ EBEAT R HE 7B
(AL /NS AR SF 158 SCHR B LU B3 A R Bl 4 SCRik
ool XERTRIEARATHE T) , 51
JE 25 AFSRAHSCSCRRAE 25 4F BT 28 1A 45 A% SCRR AP 1Y
FE ARG O o DR i i, B B L B Xk 28 A1 R T
T BOAIF T SCRRILAR 3 22 0 B [ PRaciit e AR A T



5$26% /551088 /72021 F£10 B

ERE / PEEGIE2S &£

A5 M2 AL R e, [ N S B BIE S AT 5 2 R A
KM K N7 . ASCGRARE R ARG R
S WG TRER T 18] 1 K A4, X ARS8 N 2
AR R AT, 3 il 2 WL I & 1T Ll A 233k
N XSS G T RTINS SR T E B Y
AR ORNERIE NS,

1) FEF AL BUR R 1% T /NJE™ A4 MR/
MU AE G A% < AS - RIS AS B e 4 Al A6 . K&
ZOPBERAEIY | 3X 3 /N 25 AR SRR
AR O LI 3, L 3R] UL A4 1977 178 20 i

25

2t i JUAE (DA AR W0 T4 ) 15 8] TR
K AL S — B, A AR B T AR
T 5AS Jr I fEA W) G AR Z ST T AR, B
AR LA BT R B BT G A4 575 A6 /NETE 2005
AEA BT, R BEAP SR S AT |, HOR ok 1 & S R B v
AR, R LA S I T 225 Bl an X« A4,
FE% /AT R 46 9% 7] 22 DL Rahman 48 A (2019) 1)
SCHR, X< AS BURAE B % 4" Al 2 UL Singh 55 A
(2020) [ 3CHK, X A6 . R 2 43 B R AL BE ™ ] 2 I,
Anwar 28 A f19(2020) A9 3CHk

RN

|+A4 —— A5 —+— A6

0 1 1 1 1 1 1 1 1 1 1 1
1995 1997 1999 2001 2003 2005

2007 2009 2011 2013 2015 2017 2019
Ay

K3 FEBAE RIS 3 A/ NI SCRR HL ] 922 i 26

Fig.3 Changing curve of the proportion of the three sub-categories in the image processing category

) 1EE B BT R £ T /NI BL . &
I3 BFIHE TR B4 o H ARSI AU F1BS
NARA PP RAAE SR O BGIE” . 31X 3 /N 25 4F 0k
AR SCRR B AR AL TS DL ULIET 4 iy 18] 4 ] 0L B
477 8] AR 3X DU 73 2 — A 42 b — R S 2 5T AR
A5 B4 75 T — B BB 2 5, JUIH AR R
RN R BS INRIEA ML A BESL, XS4 KA
A EI  RAEH B A A A W A m ALis T,

20

A X6 R B R U, 3 3 AN T A A
& T AR SCHE BB 30% LA L, 2 3 4F R o Bt
KREREFTARES - ET7, Es ERHEHF
FALTZH G« B1 . EUG5 FI RS ST A w]
Z: I Sultana 55 A (2020) #3CHK, % B4 ;. H AR A6 I
ARG 7] 2 UL Banerjee 55 A (2020 ) K SCHK, X
“BS5 . AR A Wy RRAE 4 BUR B8 GIE ™ 7T 2 WL Becerra-
Riera % A (2019) A9 3CHk .,

L f5/%

| —e—Bl ——B4 —+Bs

O 1 1 1 L L L L L L L 1
1995 1997 1999 2001 2003 2005

2007 2009 2011 2013 2015 2017 2019
S

K4 EBOHrRIE 3 A/ INESCHR H ] 922 i £

Fig.4 Changing curve of the proportion of the three sub-categories in the image analysis category
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