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Abstract

The objectification Of TCM diagnosing is a hot research topic in the field of TCM
information. Researches have been carried for many years, but mainly focused on the
access and usage of the information about facial color, tongue images and pulse
diagnosis. Till now TCM automatic extraction of diagnostic information in the area of
eye features computation in the spirit diagnosing is almost blank. Aim to this situation,
this paper focus on the study of the several key technologies about the TCM
objectification of eye features computation in the spirit diagnosing based on feature
integration and consistent inference, which has important theoretical and practical
significance in the aspect of filling in the blank of TCM automatic extraction of
diagnostic information in the area of eye features computation in the spirit diagnosing,
the further improvement of the theoretical system of objective research in TCM
diagnosis, the enrichment of the researching results in this area, and the aspect of the
early implementation and application of TCM diagnosis objectification. The main
innovations are summarized as follows:

(1) This paper has proposed a spirit diagnosing model used the visual eye
information for the first time. At first, a data collection model devoted to the
objectification eye features computation in the spirit diagnosing in TCM has been
proposed. Nowadays, there is still no specific eye video information database, nor the
precedent about the association between eye images with TCM diagnosis. At the same
time, a number of testers’ eye images in different time with different health situations
have been collected, which provides experimental data to the study of eye spirit in
TCM.

(2) A fast and effective visual attention has been proposed to make our
computation focuse on the facial region. And improved Hog features based on the
Block pairs has also been presented for the first time, which are used for the

classification of the eye candidate region. Eye location is divided into three steps in
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this paper. Firstly, visual attention mechanism is used to make the facial region
become the focus, which can reduce the system complexity. Secondly, Haar features
and the AdaBoost algorithm are used to obtain a number of candidate eye regions
from the interest pictures received in the first step; At last, improved Hog features are
used to exclude the non-eye regions. So in this way, speed and accuracy can be both
ensured.

(3) A multi-feature representation for the objectification of eye features
computation in the spirit diagnosing in TCM has been proposed in this paper. There is
still no research about eye features computation in the spirit diagnosing in TCM.
According to the knowledge in TCM eye spirit inspection about eye shape inspection,
eye moving speed inspection, venation and conjunctiva inspection, eye gloss
inspection and meaningful glance inspection etc, features about venation and
conjunctiva, the degree of the eyes’ gloss, eye shape, eye closure speed, eye moving
speed, and attention degree have been quantified, which compose the multi-features.

(4) A new algorithm used to the detection of eye’s movement has also been
proposed. The algorithm’s main idea is about the using of SIFT features in the optical
flow. Content-based optical flow assumes the content invariance between
corresponding points of the two images during a very short time interval, which is the
tendency of optical flow. In this paper, SIFT features are used for the calculation of
optical flow. Assuming that corresponding points of the two adjacent images have the
same SIFT features, thus scale-invariant advantage of SIFT features is taken into the
optical flow field. Compared to the method that only uses SIFT, our method can
detect more matching points, which contains the more optical flow information.

(5) A comprehensive approach used for the pruning of association rules, which
are mined base on the cloud model, has been proposed. Therefore, human “spirit”
state can be derived from the reduced eye features. Mining association rules based on
cloud model can be associated with a similar calculation of fuzzy sets, which is suited
to TCM theory, but its’ disadvantage lies in the great redundant rules. So a more
general rule choosing, lazy pruning and database coverage pruning are used in this
paper in order to gain the real sense of derivation rules.

v
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(6) This paper has also proposed a prototype system which can auto speculate the
sub-health state and the TCM syndrome by using of the facial features, eye
characteristics, emotional and objective physical self-state suggested information.
This system uses the same methods to collect eye features, mine rules and estimate
sub-health state as our eye features computation in the spirit diagnosing model. In
order to verify the advantages that the eye features can bring to sub-health and TCM
syndrome, this paper has compared the speculation accuracies under the situations of
using and non-using eye features. In experiments, accuracies of the sub-health state
speculation are 91% and 87%, and accuracies of TCM syndrome diagnosing are 56%
and 52% under these two situations, which shows that the eye features can help in the
speculation of sub-health state and the TCM syndrome.

All in all, in the researching area of the objectification of eye features computation
in the spirit diagnosing in TCM, this paper has carried out a variety of new attempts
and has gained some practical results. Our work starts from the construction of the
video database, and then comes to the exact eye location by the using of the visual
attention mechanism and the combination of Haar features and Hog features. Next,
eye features corresponding with the eye spirit inspection are quantified, and a new
algorithm about applying SIFT features into optical flow is used to the detection of
eye movement. In the end, association rules mining based on the cloud model is used
to get the human “spirit” state from eye features, at the same time, in order to the
elimination of redundant rules, a comprehensive approach is used for rule pruning.
From the final rules shows that these series of work can help for the correct derivation
of human “spirit” state from the eye videos, which has important theoretical
significance and application value to the objectification of TCM. At the same time,
this paper devotes a chapter to introduce eye features into the prototype system of
automatic diagnosis of sub-health and TCM syndrome, and then compare the
accuracies under the two situations of using and non-using eye features, which shows
the conclusion that eye features can help to improve the accuracy. Our data colleting
and processing model can not only used for eye features computation in the spirit
diagnosing, but also used for the diagnosing of sub-health state and TCM syndrome.

A%



TR EEA A 2240 18 5 Abstract

Keywords: Spirit diagnosing by eye features; Visual attention mechanism; Hog

features; SIFT optical flow; Block pairs; the Cloud model; Consistent detection

VI



JEI TR 2 22 A0 S FI 5K

BB .. eeeeeeecnnesnsesssessssssssesssesssessasesasesssesssesssessssenssesasessassnsesssesnsesnsesssessanas |
ADSTEACE euuuereernecesecessecssecossensssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssss 111
B e BT D e eeeeeseseseseseseseseeessasesesesesenesese e easasese s s seneseneneasasas 1
1.1 JETATET EFNTE N ceevereeeeeeeeeeeeesesesesssessssssssssssssssssssssssssssssssssssssssssssssesasasasssns 1
L1l B B T A e, 1
L1.2 B BEH oot oo, 2

L L3 T A et 3

1.2 TG IRAR B TETEBTIBIER cooeeeeeeeeeeeceeeeeeeenecssassssnsnssstastesestossansessasasssassssssassens 4
1.2.1 B IALEIIETEIIIR oo, 4

1.2.2 RN EE BB A A e, 5

1.2.3 HHEBF IR G IELE BT e, 7

1.3 RS TERFTE TR oeeeeeeeeccnensesiasiensasassssssssssassssssssssasassssssssasasessssssasasnssssasssns 8
1o ZESTHIZERD coeeeeeeeeeeeeeveeciessnsiesssesisnsassssssssasassssssssssasassssssssasasessssssasasnssssasssns 9
1uS ZREE /NG aeeeeeeeeeeceseiaessesasessssssisssessssssesssssassssesssossssnsesssssasessesssossssssessssnes 11
FoE HFNDPEEHERETNILISETIET ...oceeeeeeeeeeveeeeenenenns 12
2.0 MEPFEZISZEAALISETIEE ...oooeeeeeeeeeeeeeeneeeeesesssnsssssssssssssssssssssssssasssses 12
22 FHRNPEEZEEHERILISETIRE ...coceeeeereeeeerrererseseessesssssesssssnnes 12
2.3 HAE A T E T3 coveeeeeeeeeeeessssasasessssssssssassssssssssassssssssssssassssssssssssassssaes 15
23l I R T oo 15

2.3, AN S R TV g 0 oo, 19

233 AR SCHR T HEIE T oo, 21

Dl ZREEIINGE oeeeeeeeeeeeeeresseesesssssssssssnsassssssssnsasasssssassnsassssssssssasssssssssessassssssssns 21
F=-T ETESNHNS S EHE S HREEM A ZHR.ocvvveeeee 22
3.0 T EEHLEITFTTILR cvoveeereenenereeesesaensesesssssssnsesssssssassssssssssssnsssssssensasssnses 22
3L A BT 05 oot 23

3012 AT R Yoot 23

3.2 BB T LTI TE I B ceoeeeeeeeeeersnseessssssssassssssssasasnssssssssasassssssssssasassesssssasassssaes 24
3.3 E-TF Haar $54EF0 AdaBoost 53 ZE8E BIHIARIRIM ceeveeeereereevereeereeneneene 24

3.4 BT HOG FFEBIIIIREERT «.ovoveeeeeeeerereseseenessesesssssssasssssssessasassesssssssasses 26

35 BT EENFIAEEBXIBERLS ERER corererererrernserssnssssssesssssssssssssessssesens 27

3.5 P T oot e, 28



JEI TR 2 22 A0 S FI 5K

R TG U= = = OSSOSO 29
35,3 T T oo s e e e eeneees 31
3.6 T Haar $51{E5 AdaBoost B 3% AR IR DX IBAR M .oeeeeereeeeneeneennennes 31
3.7 &F Block 3B HOG $FIERRBE 3 2B ooeeeeeereererereerseeenseessesssnnes 33
3.8 D TR TE 43 T woveeeeeeeeeeeneneesnsnsnsssssssnsasasasasasssssnsasssnsnsasssnsasssssasasasssnsssnsnsasasns 35
3.8.1 A H PR T REHL T EEEL e 35
3.8.2 BIOCK RUAT T T ELIRE et 36
3.8.3 SEEHH Block XHE BT ELER oo 36
3.8.4 FAEGE TT VT LIS oo 37
3.9 ZREE I NG eeeeeeeceeeeeeeesssesssessesssesssessesssesssossesssesssessasnsasssessesnsessserasessssnsenane 37
FMNE PEEBEMERLARFERTISEM v 39
4.1 PEEEBIHIEIEEFIE cooeeeerereeeersneeeessesssssssessessssassstsssssssssssssssssssssnssssses 39
4.2 BRI E B AL TR TR 7T 5E ooveeereeereesesessssssssissssstsnssssssssssssssssssssssssssssssssssssses 42
4.3 BREBIEFAEFET TTTE ceeuerereeeeeeaensesssssnsasssesssssessasssssessasasssssssssssssssssssssssnsassssaes 45
A3 HETEEGI .oooe et s e s e es e n s e, 45
A.3.2 FABEREI oo e s e neeen. 46
433 FABGE BRI .o e, 47
4.4 EF SIFT STTBIARBIITEEEETU ooveeeereeeeeereneneeesesssnsnsnssssssssnsnssssssssssnsssnses 48
4.5 T R T AT coeeceieeeeeesceeseesssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssses 52
Bu0 AR IR T NG eeeeeeeiieeirerisseissessssssssssossssssesssssasessesssesssessesssesasessesssesssessesssesssssasss 54
FRE EToER5—HEENpHhEEEHEHBNIZHE............ 55
5.1 KEEHIMISHEATFEZETEITR ooveeeeeeeeeeeeecscsssssssssssssssssssssssssssssssssssssssssssssssssses 55
52 BT EHAS—HMHRPERBEEHMMIZHE ... ooeeereeeeerrerenneseerssnenes 57
521 B T oo 57
5.2.2 FHHETTADTE oo 58
523 FT BRI IR IUTE I oo, 59
524 JE T B AT I TTV0 oo 63
5.2.5 22 T TR R BT oo 66
5.3 TE I B T ST oo cceceeeeesesescssssssssssnsssssnsssssssssnsssssssssssasssnsssasasass 67
Bull ZEEEIINLE oooeeeeeeececeeeeessssseesesssssnsassssssstasssssssssasesssssasesasssasesasasase 69
FARE PEELERUETREISHETBIRI .ccoreeererererereeneeansssenene 71
6.1 TEEEEEIZEIZETAL ooeeeeeeeecccrccecceesescessssssssssssssssssssssssssssssssssssssssssssssasses 71
6.2 BIEFEENHETE TAE coveeeeeeeeeeneneeesssnsnssssssssssssnssssssnsasassssssssssssssssssssssasassssaes 73

6.2.1 T EB T TEIEIE oo es e 73



JEI TR 2 22 A0 S FI 5K

0.2.2 BRI oottt 74

R I YRR = TP 75

6.3 T RIS S EIEIEIES: oo eeeeeeeseeesesseesssssssassssssssssassssssssssnns 75
6.4 SIS BE R T S T oot eesassstsssessssassstsssssasasssstssssassssssasssssasasssase 75
0.5 ZRTEI|NEE aeeeeeeeeeeeeteeteseeesessssseessssssssesssssessssssssesssssessestessessestessessssesssntns 78
B B D R eeeeeeeeeeeeeeesssassssssssassssssssassssssssasassssssasasssssns 80
o B Va7 O 80
I N 0 I = == - R 82
BEIETTRR woveveerenseeesssnsnssssssnsassesssssssnssssssssassssssssasassesssssasassesinssuesasssssasassns 83
(EBEFHRE IS SIS XHRBIFZERRR cocveeeeererereereenieeresenenns 91
{EBEFH B TEUSAIEMEARER oveeeeeierereieeiensteneeseesessesssenes 92
ESZEFHBEFHSMBIBHATTE ..ccvnvrrerrecirnnrnesneessnsesessassssssnsases 93



TR EEA A 2240 18 5 Contents

Contents

ADStract(in ChiNESe) .....ccciccciiiiirsssnnsesiecccssssssssssssssssssccsssssssssssssssssssssssssane I
Abstract(in ENGLish)......cccciiivveiiccsissnniicssssnnnccssssnnsecsssssssssssssssssssssssssses 111
Chapter 1 Preface.. .. icceeeiccnssssnniccsssssnnnccsssssssssssssssssssssssssssssssssssssssses 1
1.1 Research back@rounds..........cceeicesercssnnicssnnecssnnessssnesssnessssssssnssssnssssesesssassses 1
1.1.1 the objectification of Wang diagnosing in TCM...........c.ccccceevviireinnncnen. 1

1.1.2 Eyes observing in TCM ......c.coiiiiiiiiiieiiiieeiee ettt 2

1.1.3 Spirit diagnosing in TCM .......ccceecuiiiiieiiieiieeieeeeeie e 3

1.2 Current research and its problems.........ceceevveecvverccecireiiniiesssnnesinnnessnsncsnsnes 4
1.2.1 Research of the objectification of Wang diagnosing..............cccceeeeuneene. 4

1.2.2 Advantanges of the computer vision in the researh of Wang diagnosing5

1.2.3 Current research and its problems in the research of eyes observing.....7

1.3 Main content in this paper . 8

1.4 Organization in thiS PAPET .......cccevverinvcciirecrnesinicssricsssnicsssnesssssessssesssssosssnes 9

1.5 Chapter SUMMATY ....cccoveieiisencssnncssanncsossnccsasisssssessssssssssssssssssssssssssssssssssssssnss 11

Chapter 2 Objective Diagnosis models of spirit diagnosing by eye

features IN TCM ....iiiciisiiniiniiniiinnicnssencnssssncssssnessssssesssssessssssessssssssssns 12
2.1 Current objective diagnosis models in TCM Wang diagnosing ............... 12

2.2 Objective Diagnosis models of spirit diagnosing by eye features in TCM
............................................................................................................................... 12

2.3 Acquisition Methods in TCM objectification ...........coeevveecseecseecseeessnecnnees 15
2.3.1 Present acquisition Method ...........ccceeevieiiieiiieniieiiecieeeee e 15

2.3.2 This paper's acquisition method and its 2.distinguishing feature ......... 19

2.3.3 Examples of this paper's eye features ..........cceevevvierveniieniecieeneeenenn 21

2.4 Chapter SUIMIMATY ..ccceeercrecsssrcssssncsssncsssssossssssssssssssssesssssssssssssssssossssssssssssses 21

Chapter 3 Research of the eye location based on attention mechanism

ANA MUII-FEATUT S cuuuveriiirirnnriiirissnriicsssssnniecsssssnsiecssssssnsssssssssssessssssssssssses 22
3.1 Current research about visual attention mechanism 22
3.1.1 Bottom-up approach..........cccueeeciieeniiiieniieeciee et 23

3.1.2 Top-dOwWn apProach.........c.ccccueeeuieriiesiienieeieeee e 23

3.2 Introduction of the methods about eye location............ccceeeerercuercrcnercsnnce 24

3.3 Object detection based on Haar and AdaBoost..............ccccverevvuercrcneicsnncene 24

3.4 Object detection based on HOG .........ccuueievvuriiscnricssanisssnncssssnessssrcssssncsssees 26

3.5 Face location and tracking based on attention mechanism .............c....... 27
3.5.1 Generating INtETESt PICTUTES ....cvveeerureeeieieeeiieeeireeeieeeereeesneeesnreeenaneeens 28

3.5.2 preservation of the attention POINtS...........cccvereveerieriieenieeieereeeieesieenns 29



TR EEA A 2240 18 5 Contents

3.5.3 Attention Wake UP ...c.eeeviiieiiieciieeieeeeee e e 31
3.6 Detection of the eye candidate region based on Haar features and
AdaBoost alGOrithm .......ueeiiiueiiiiniiiiiiiisiicnsnicssnnicssnnissssnessssnessssossssnesssssossnsecs 31
3.7 Eye classification algorithm of Hog features based on block pairs.......... 33
3.8 Experimental results and diSCuSSiONS........cccceeevvrrerscnrcssrrcssnnicssnercssnsscsnnees 35
3.8.1 Comparisons between whether using visual attention mechanism....... 35
3.8.2 Comparisons with different Block division methods.............c..ccueennenn. 36
3.8.3 Comparisons between whether using Block pairs ..........cccceeverireneenn. 36
3.8.4 Comparisons with the traditional methods .............cceevvievienciiiiininnnnnn 37
3.9 Chapter SUIMMATY ...cccccceevvercsssnncsssncssssncssssssssssesssssesssssssssssssssssossssssssssesssassss 37

Chapter 4 Feature representation and detection in the objectification

of Spirit diagnosing by eye features in TCM......ccccccoereieiirrneriecsscnnneeces 39
4.1 Related features about Spirit diagnosing by eye features in TCM........... 39

4.2 Objective representation of the eye feature.........ccuevveiiveensuenseccseecseecnnens 42

4.3 Eye features' detection methods .........coeeevcueieniiiiicnrenssnncssnncssnnessnsncssnsscnes 45
4.3.1 Detection of €ye Shape........cccvieriieiiieeiieieecie et 45

4.3.2 Detection Of CONJUNCHIVA ....cccvieeririiiie ettt 46

4.3.3 Detection of choroid .........cccecviiiiiieiiiieiieiece e 47

4.4 Eye movement detection based on SIFT optical flow .........ccoccereecurresnenenee 48

4.5 Experimental results and diSCUSSIONS......ccoccveervericssnrccssnncssnressnnressnnrcssnsscnes 52

4.6 Chapter SUIMIMATY ..ccccieecseicssirccsioncssssnesssssossssssssssssssssesssssssssssssssssossssssssssssses 54

Chapter 5 Rule mining about TCM Spirit diagnosing by eye features

................................................................................................................... 55
5.1 Related techenclogies about assocaiation rule mining .........cecceevueecneennens 55
5.2 Rule mining about TCM Spirit diagnosing by eye features based on the
cloud model and CONSISTENCY ....cccueeevvrricssnrcsssrrcssnicsssnicsssnesssssesssssesssssessssnosssssses 57

5.2.1 TCM diagnosing information ............cceeeueerueeeieeneescieeneeeneesneeneennneens 57
5.2.2 Data PreprOCESSINE. ....ceeruirerrreeaireerireerteeerseeenseeesseeassseeensseeessseesnsseens 58
5.2.3 Association rules mining based on the cloud model............................. 59
5.2.4 Rule integration methods based on consiStency ..........cceeevveeveerveennnenne. 63
5.2.5 Multi-methods' rule pruning ...........ccceeeeeeeieerieenieenieenieeree e 66
5.3 Experimental results and diSCUSSIONS......ccccceeevveriisvnrccssnncssnncssnnrcssnnrcssnsscnes 67
5.4 Chapter SUIMIMATY ....eccciveecsssrcssssncsssncsssssossssssssssssssssesssssssssssssssssossssssssssssses 69

Chapter 6 Application of the objectification of Wang diagnosing in

sub-health diagnoSing .......cccceeeeervvvunricissssnnricsssssnnnicssssasssssssssssssssssssssssscs 71
6.1 Objectification of sub-health diagnosing 71
6.2 Related works about data acquUiSition..........cceveeeccercrsnrcssnncssnncssnnncssnsncnes 73

6.2.1 Facial COlOr TRATUTES .. .coeeeeeeeeeeeeeeeee e 73



TR EEA A 2240 18 5 Contents

6.2.2 Designation of the scale........ccccoeviiiiieiiiniieiicceeee e 74

6.2.3 TCM diagnosing information ............cceeeueerueeerieeneeniieeneeereenneeeaeennneens 75

6.3 Detection of the Sub-health states and TCM syndrome..........ccceeeeeeenecnes 75

6.4 Experimental results and diSCUSSIONS......ccccceeervericsvnricssnrcssnrcssnncssnnncssnsscnes 75

6.5 Chapter SUMIMATY .....eciciveecissncnsssncssssncsssscssssssssssssssssesssssssssssssssssosssssssssssses 78
Chapter 7 Conclusions and perspectives ........cccceeeeccnereccsssrnssecsssssssssecs 80
7.1 Summary of this thesiS.......couiirvricrsricssnicssnicssnnisssncnsssncssssnesssnessssnessssecses 80

7.2 FULUIE WOTKS..ccccueriirvnrinssnrcsssnncssnncsssnncssssicssssessssssssssessssssssssssssnssosanssssonsssses 82
RETEIreNCES ccciiererrrnrriiissssnnriicssssnriecsssssnnsecssssssssssssssssssssssssssssssssssonssscsssansans 83

Author’s academic achievements in the period of ph'D study related
£0 thiS PAPET ccccvurreriicrirnniiicsssrnniicsssssnneecssssssnssssssssssscessscnsansacssssnsssssssssnans 91

The other author's academic achievements in the period of ph'D



Degree papers are in the “Xiamen University Electronic Theses and Dissertations Database”. Full
texts are available in the following ways:

1. If your library is a CALIS member libraries, please log on http://etd.calis.edu.cn/ and submit
requests online, or consult the interlibrary loan department in your library.

2. For users of non-CALIS member libraries, please mail to etd@xmu.edu.cn for delivery details.



http://etd.xmu.edu.cn/
http://etd.calis.edu.cn/
mailto:etd@xmu.edu.cn

