hetp://www.phei.com.cn

o el B e i H

Information Fusion Theory With Applications

il X EEE X MR FF
HE You WANG Guohong GUAN Xin

S| TFIF & R4S

w=wwa=s PUBLISHING HOUSE OF ELECTRONICS INDUSTRY




ERFHAF RKEN RRA ST AR
CLTREHAEEZTHREAREL A HR

5 BBl &2 &N

Information Fusion Theory With Applications

fT A ZER X & ¥F
HE You WANG Guohong GUAN Xin

T F I A & AR AL
Publishing House of Electronics Industry
Jb3X « BEJING



mEEN

FREATHERMEERRNAN —HEE, REEZTR 20 ZERVIFIRRRLN. REHLEE.
2119 FAK, FEARH: FRBAHE. FEEETIECFEN. FEIRERE. FRMERA
ThEEFILERIREE . AR RIIRLA . BRRESRE S . SR XRBCEE . B SR ONUEREE A REM
HEA . BgEE. BRIREIES . SBMATE BT MREE. FREATHIESEE. FREA
FRIFIRERE AR, GRS PROMETS, UAERMEERFMEHFHNA. REELBNEBR. #iX
H5EE, ABTHAEFE TR, CISR R4, FERE. WRIRH. ATERE. FRLHE. BT, F
HIGESE MR A BFENS %, ey BRI RESH . RS ENEE L. 2050, 7,
Wk, MLEEA. EASM. HETE. B, . 2R LN, BR. B, ERARSNEEIEN
METHESNSH,

RG], AR T XEHEDRABZ BT A 2.
AT H . ARABLLFL

EHEMSE (CIP) &R

FRMOEERNA / A%E IR BT DkHEY, 20103
ISBN 978-7-121-10323-0

L fg-- II. fa-- IIL EEAE V.G202

o [E iR A B H 4 CIP $HE i+ (20100 38 022666 5

FERE: ITEHET
Bl Rl BT REEERRI
¥ AT EMTAEEERTEH R AT
HAREAT: BT ITAHARE
bR T HER 173558 % 100036
FF AL 787X1092 1716 ENSK: 375 FH. 900 FF
Ep . 2010 €3 A% 1 IREAI
Ep . 40001 EAT: 89.00 Ju

UL T Tk AR BB A SR S, HREBE R, & BEEE, R ETHER, B
A REEMHIE: (010) 88254888.

FERRIERIEE 2its@phei.com.cn, AR B2 E KR4 5 dbqq@phei.com.cn.

AR4Fgk: (010) 88258888,



W B

R BB A0 2 2RI RS BT E BRI 2 IR M S B RR, BT AT L S5 R
RN TR BMULES, WO BEEBRTRAAENTANFEREE, BERERBEYE,
REGAERKRIE. ML, RNYMPGEERN ERYE, B 20 42 70 SRS T B W4
JTREM, I EEENEREFSTRER T EME,

BNETEXEAMERS, 2EERRFEL20RTEEEHAS (No.200036.
No0.200443), HHMmEHARE THITINE . ERHP. MTEL. 863 iHHISH T,
T RAS BB SRR DL 20 24, BT - DEIIANES B AR RREIEN, 7=
A ST AN TRSET MG T HEEHR. A E%E—. STEEREN (SERRER
RUE KD B 2000 FHRREIK, ZEKEREWEZMENE, SERT 2 K, HEBK
HFEHTAARIEER LT 2007 FEHR T E K.

B (SAERBEBME AN HRNEHER, FEREEIE. FARARNEEST
RIEH AR, ETEENKPRALE, HFELEHMEEHRE, A EHERSH. R%HH
B ST A B R AR S AT R U R PR S BT R . R R XT (AR IS R
BRI —BRNEREEREDENEMER. HHARNS5/E. EhREARESE
EIRESIL. SO RERIAUE B RS, B RBI R A A S AT T R
V. EBERKRES EAENTHEREE TR, FHEALEHE. BEESY. &
Bt SRMTE REMETE. FRESE . BORERAR. YRR SSER SV £ ek
BRMFEAR, HEATTHRAWR. SRR . S BEZELHEBTRIHLSBRE
B SER, HERNNHIX— USRS R R AR, SANFRMNESES.

BTG 19 F. B 1 BENDTHEREAE X AEFHE. EARE. A, TR
DI SR 26 2 EAHE TR BBE THXBFE T RMEREIR, RIESEMIEL T R5 N
WS THEAR . BMEGEISRM. KEREHIBEA . MEEREISEM. RANORHEER
HTEE: BI3FWTRTHEERSTRETEENREE, SEFIE. 440, BTEBRE. M
Feterds . ML TIEIR, B2 EME 3 EEARM—DEER A, KEMIET AT
USRS TRN AT A RREBIFNSEME: 54 T TS RAEM AR
FMERRAEWER, 85 ERR T AMRNREAIER, AR RS AN, 3
ATEEM . BRAT G BT SR R I SR E, DA RBOMEREE T AU B R
AR e 5 6 BITA T SMEARBL BRI AHE, FENERANS
RSB E MBI BT, SRMET RS LRBHASMELER B, AT BY
P AP BB OMELIE LBE L, T ETEHRMNBAEREL HARRER & 55
BT S-S L HARRE MG HVE, Huf SR LT T 07 LB S5 40 ¥,
7 B T T AMRE R A ST, FEIHEMAGR. BIEE. FE.
FUPXU IR BT, KITARER. £ RE AEo F RIS AR E T MM s B,
PAR ST R RBREA R M RE M AT AR AS, 1R 038 7 BE4ket, 8 8 T T 4 as



FR R SR BRI B, HPaEERXU IR, e R, BEsarH. Kt
RUZEABE. ZREY AN FRERBE X EEM AR AEE T BN, REPZEHER
ik R EARES S, BoETRTESTR, AR, BEINEEAZLEEFEERMER
ZhFPRAG TR, WRBERBNSMAME BMETEES: £ 10 ERERRE, BN
PR RS, BT IHS AUMEBHROEASEE, ETXESFMNE HENERREEHE
¥, ETEHMERS MR BAREREE, B TEMENSSREEG B AR EER S BIR
RN F 11 ZNE T HiRRBREE, ARETEAGERFEARENR B AR R AR
&, EF D-S FEHWHN DSm BIgH HizRHEE, ETRORZERNEE, ETHEM
H£H5EBHMSHETBENERE, ABEEEHBEHEES: 8 12 ENRTHFEE#S
H ARG, TEAEETHOSARTAE. BTN, SAHRBEMSEIPME: % 13
EiE TEEESTHRME T, FEAFERIMETT SN, BMETHRIRE, ET
BRI BME T, ET 2 T8 AR R E T, 2T RN 2 B g B s ot
PARETFHE MBS AEENERmA TS 8 14 FiTR T aREe 2 X REH,
B AR BRI U R BRI AIRR S B B 15 BT T E BRI P HARESE
HEAR, GAFEABREBOMEENEEE, WaMtREN EIEBRENERNGIT, EE4E
BB AL NEREHNEH, SEBRBEANALTHIENBRURES: B 16 ENAT
£ BRA T EEEER AR, #RTNAHTE RS REMEEEEER, Fext st HEF
CHHTTINE: B 17 B TERRARHEREITTM, FERERE ARG TER SR
S BB SHER I TITE: B B ENBTHEEMAERINER LN, B9
EBALG S TAZSERFZTRE, Ho R R — P iRgit, FriEETHEERM
AR R R T (A .

AP AMAEE. TEEHE. SREIER. £RE L. RHREE. KBRRIZERHNE,
H A R EEN S BHT TSR, ERBIMES, BB THRGGE L. ReagiAd, A
-CAE RS E LA, RN, BRIBEIEE. TEWELE. TR A EE
HEAESESNT AR TR,

15 B & 58 A FAMETGE & B RIFT B, At LU X 2k R A R E R B
@, hit, BRNESENBEHEHTEENNE, RE—HEENHRBRAMHENEIZSE
BR. BINBIHAEX AT ERBEMEEMEWERARYES . NHAMERESHE.

EBHEBEREERAREREEHREES T . ABEREMEBEEY, BETEA
ELZETRERRERR L. WEHERL. flkERIRERER, FETRRMAIIRRE
VRS, BelH T —SATEE LE KR RE, ERAbNERRRNEE. FERA
PEE R AT TR EM BT T H AL, 53R 8T I R ER T RE,
ER B THATHR H SCREA RE T A1 3% 3 @ & AR

B R itk . A, HRBERNELMEN.

BEEA: J5fk; E-mail: gxtongwin@163.com; BERHMubE: WRMEEENT TRFRE
BEESHRET (264001).

K EEE XK
ZOONE+—ATHEEEENT TRER



Abstract

This book is a monograph about information fusion theory and its applications, which presents
a systematic and comprehensive summation of the research highlights prodhced by the authors in
this field during the last two decades. The book comprises 19 chapters, focusing on an introduction
of information fusion, mathematic bases in information fusion, classifications and characteristics of
sensors and information source, functional and architectural models of information fusion system,
distributed detection fusion, target tracking fusion algorithms, statistical track association
algorithms for distributed data fusion, fuzzy and gray track association algorithms, state estimate
fusion, image fusion, target identification fusion, situation estimation, threat assessment,
knowledge fusion, sensor management in information fusion, database techniques in information
fusion, performance evaluation of information fusion, and civil and military applications of
information fusion. The final part of the book provides a review of this book, puts forth suggestions
for further research, and presents some prospects for information fusion theory.

This book can serve as reference for scientific and technical staffs engaged in information
engineering, CISR system, information fusion, pattern identification, artificial intelligence, signal
processing, electronic countermeasure, and military command, and can also serve as a textbook for
technological personnel and graduate students of the professions mentioned above. It will also be
of value to engineering staffs in such fields as radar, infrared, sonar, laser, robot, integrated
navigation, intelligent traffic, medicine, finance, public security, internet, remote sensing and
measure, and wireless sensor network.



Foreword

As a high-level and commonly applicable key technology and a new subject of study that
crosses and fuses many different disciplines, information fusion can integrate partial information
collected from different sources, and decrease potential redundant and incompatible information
between multisource information, thus reducing uncertainties and enhancing the speediness and
correctness of decision-making, planning and reaction of high intelligence systems. Therefore, it
has drawn wide attention both at home and abroad since the 1970s and has found wide applications
in military as well as civil domains.

We have carried on the research in this domain for more than 20 years with the support of
National Natural Science Foundation of China, Excellent Ph.D Paper Author Foundation of China
(Grant No.200036. Grant No. 200443), Foundation for University Key Teacher by the Ministry of
Education, National Defence Budgetary Foundation of China, Budgetary Fund, and the 863
Program. We have set up a research team specializing in information fusion research, and have
gained important progress in basic theoretical research and engineering application. Multisensor
Information Fusion with Applications, written by the first and second authors of this book, has won
great favor among many readers since it was published in 2000, and has since been printed twice.
The authors revised the book and supplemented it with some new contents in order to satisfy the
keen needs of many readers, and the second edition was published in 2007.

Information fusion theory, technology and applications have been in rapid development since
Multisensor Information Fusion with Applications was published nearly ten years ago. Based on
the research work of the authors and the research results of other researchers, this book tries to
present a comprehensive and systematic introduction of the development and latest research results
on information fusion theory and its applications in various domains. In addition to the systematic
expansion, perfection and updating of contents concerning functional and architectural models of
information fusion systems, distributed detection fusion, centralized multisensor joint tracking
fusion algorithms, statistical and fuzzy track association algorithms, state estimate fusion, and
target identification fusion modes included in Multisensor Information Fusion with Applications,
this book has been supplemented with relevant critical theories and technologies with detailed study,
analyses and discussions. The supplemented contents include mathematic bases in information
fusion, classifications and characteristics of information sources, image fusion, knowledge fusion,
situation estimation, threat assessment, sensor management in information fusion, database
techniques in information fusion, performance evaluation of information fusion, and practical
applications of information fusion. It has taken more than three years to finish the book, during
which time it was revised and modified time and again for consummation in order to provide
readers working in this field with a comprehensive and practical research and reference book.



This book is composed of nineteen chapters. Chapter 1 defines information fusion and
introduces new progress, basic principles, application domains, and history and current state of
information fusion. Chapter 2 introduces basic knowledge of mathematic tools concerned in
information fusion, including state estimate technology in linear and nonlinear system, the basics of
fuzzy set theory, gray system theory and rough set theory, and uncertainty reasoning methods.
Chapter 3 discusses the characteristics of information sources in information fusion system,
including radar, infrared, electronics supporting measure(ESM), laser, sonar, and electronic
intelligence. Chapter 2 and Chapter 3 are the good reference value to specialists in theoretical
research and engineering application. Chapter 4 discusses the functional and architectural models
of information fusion systems. Chapter 5 describes distributed detection fusion theory, including
local decision fusion rule design, distributed detection fusion in parallel network, distributed
detection fusion in serial network, distributed detection fusion in parallel network with feedback,
and distributed detection fusion with only decision information and in fuzzy environment. Chapter
6 studies various multisensor multitarget tracking fusion algorithms, introducing mainly basic
multisensor joint probabilistic data association algorithms, classical centralized multisensor joint
probabilistic data association algorithms, extended centralized multisensor joint probabilistic data
association algorithms, multisensor multitarget tracking fusion algorithms based on multiple
hypothesis, multisensor multitarget tracking fusion algorithms based on generalized S-D
assignment technique, and making simulation comparation among and analysis of various
algorithms. Chapter 7 studies statistical track association algorithms for distributed data fusion,
including weighted and modified track association algorithms, sequential track association
algorithms, statistical binary track association algorithms, nearest neighbor and K-nearest neighbor
track association algorithms, statistical track association algorithms in an environment of multiple
local nodes, statistical track association for unequal sample size situation, and performance analysis
and applications of statistical track association algorithms. As a continuation of Chapter 7, Chapter
8 puts forward fuzzy and gray track association algorithmis for distributed data fusion, including
fuzzy track association with dual thresholds, track association based on fuzzy synthetic functions,
track association algorithms based on fuzzy synthetic decisions, gray track association algorithms,
fuzzy track association algorithms for multiple local nodes, fuzzy and gray track association
algorithms for unequal sample size situation, and performance analysis of them . Chapter 9
discusses state estimate fusion in centralized, distributed, hybrid, and multilevel multisensor
systems. Chapter 10 is about image fusion, including weighted image fusion algorithms, image
fusion algorithms based on THS transform and wavelet transform, image fusion algorithms based
on segmentation and maximum expectation, linear target extraction based on feature image fusion,
decision level target identification based on fuzzy set, and performance evaluation of image fusion.
Chapter 11 discusses target identification fusion, including target identification fusion algorithms
based on maximum a posteriori probability criterion, D-S evidential theory, Dezert-Smarandache
theory, gray system theory, target identification fusion algorithms based on fuzzy set theory,
attribute measure theory, and rough set. Chapter 12 discusses situation estimation in information



fusion, including situation description based on group, situation forecast, situation association and
situation evaluation. Chapter 13 discusses threat assessment in information fusion, including the
classification and contents of threat assessment, knowledge base of threat assessment, threat
assessment based on analytic hierarchy process, threat assessment based on fuzzy integrated
evaluation with multiple elements, threat assessment based on fuzzy multiattribute decision, and
threat assessment based on neural network and genetic algorithm. Chapter 14 discusses the
definition and architecture of knowledge fusion, data mining methods of uncertain knowledge, and
material knowledge fusion algorithms. Chapter 15 discusses sensor management in information
fusion, which involves micro-management and macro-management for sensors, indication and
cueing of passive sensor to active sensor, radar radiation control in multisensor systems, and
optimum sensor deployment in radar network. Chapter 16 introduces database techniques in
information fusion, and describes database models applied in information fusion systems, and then
discusses how to design database. Chapter 17 discusses performance evaluation of information
fusion, including performance index for information fusion evaluation and performance evaluation
methods for information fusion. Chapter 18 introduces civil and military applications of
information fusion. Chapter 19 reviews and summarizes research results of this book, and puts
forward suggestions for further research about some problems, and points out the trends of future
development of information fusion domain.

This book has been written by Professor He You, Professor Wang Guohong, Associate
Professor Guan Xin, Doctor Chai Yong, Associate Professor Xiong Wei and Associate Professor Yi
Xiao. Professor He You has compiled and revised the full book rigorously and carefully. Doctor
Zhang Jingwei, Ph.D. candidate Song Qiang, Ph.D. candidate Bai Jing and Ph.D. candidate Hu
Lifang offered their help in the course of writing this book. Associate Professor Xiu Jianjuan, Ph.D.
candidate Wang Haipeng, Ph.D. candidate Wang Bencai, Ph.D. candidate Wang Na, et al.
proof-readed this book.

Information fusion theory with applications is in rapid development, and it is hard to make a
very detailed introduction of these developments in one book. For this reason, we provide a
summary at the end of each chapter, and point out some new important developments and related
references. We hope this book can help students and professional personnel to study and apply
information fusion.

This book is supported by the National Scientific and Technological Academic Writing
Publish Foundation. The authors would like to extend their thanks to Academician Guo Guirong,
Academician Shen Changxiang and Academician Zhong Shan for their recommendation and help
in the course of writing the books. The authors would also like to gives their thanks to those
authors who gave their permission to reproduce copyright material. The authors would like to
acknowledge the contributions of fellow teachers in Naval Aeronautical and Astronautical
University and the Electronics Industry Publishing House, especially Editor Wang Chunning from
the Electronics Industry Publishing House. Thanks to their energetic support, this book can be
published in high quality.



The authors sincerely hope readers can support this book, and put forward their valuable
suggestions.

Contact: Guan Xin.
E-mail: gxtongwin@163.com.

Contact address: Research Inst. of Information Fusion, Naval Aeronautical Astronautical
University (264001) .

HE You, WANG Guohong, GUAN Xin
Naval Aeronautical and Astronautical University, Yantai, China, November, 2009
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