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Construction of a computer vision-driven multimodal evaluation

system for fabric hand

ABSTRACT

Fabric hand evaluation is a critical aspect of textile design and quality control. Traditional
methods rely heavily on expert tactile assessment or physical instrument measurements (e.g.,
the KES system), which suffer from strong subjectivity, low efficiency, and high costs. To
address these challenges, this study proposes a fabric hand evaluation system based on
computer vision, achieving progressive innovations through four key layers: visual
representation construction, feature extraction, multimodal fusion modeling, and knowledge
discovery. This approach breaks through the paradigm of tactile dependency, enabling
intelligent and interpretable fabric hand assessment. Centered on the core hypothesis of
"visually perceptible hand performance evaluation," the study focuses on four visually
assessable hand properties—surface, compression, bending, and stretching—and establishes
an integrated theoretical framework of "representation validation-feature extraction-data
fusion-method integration." Systematic validation was conducted on 101 fabric samples. The
main contributions of this study are as follows:

(1) Establishment of a Validation Framework for the Correlation Between Visual
Representation and Hand Evaluation. To define the applicability boundaries of visual
assessment, a dual-aspect applicability testing model based on signal detection theory was
proposed to determine which hand properties can be effectively evaluated through visual
representation. Comparative experiments were conducted across three modalities—real tactile
sensation, static images, and dynamic videos—using a four-factor mixed-effects analysis of
variance model to assess sensory evaluations of 101 fabric samples. Through mixed-effects
analysis and consistency index (CCI) calculations, the results demonstrated high consistency
(CCI > 0.74) across scenarios for surface, compression, bending, and stretching properties.
Notably, in dynamic video scenarios, optical flow trajectories of bending and stretching
properties showed significant correlation with tactile scores (r = -0.67, p < 0.001). However,
thermal-moisture properties were excluded due to insufficient explanatory power of visual
features (R? = 0.18) and low consistency in visual scenarios (CCI = 0.31). This study pioneers
the use of statistical models to delineate the applicability boundaries of visual assessment,

providing a clear scope for subsequent feature engineering.
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(2) Construction of a Multiscale Visual Feature Engineering System. To tackle the
challenge of quantifying visual representations, a feature engineering approach was adopted,
leveraging image and video processing techniques to extract quantitative indicators reflecting
hand performance. For the 101 samples, 33 visual features were initially designed, including
surface characteristics (e.g., roughness), bending characteristics (e.g., bending stiffness), and
drape characteristics (e.g., wave frequency). To ensure feature effectiveness and non-
redundancy, variance inflation factor (VIF) and Lasso regression were employed for feature
selection, resulting in 22 key features. Consistency analysis with KES physical measurement
data (e.g., roughness, compression recovery rate, bending stiffness) showed an average
absolute percentage error below 2%, with correlation coefficients with sensory scores
exceeding 0.79, validating the physical interpretability and statistical consistency of the
proposed system. This system overcomes the fragmented limitations of traditional image
features, establishing a physically interpretable visual indicator library.

(3) Design of an End-to-End Multimodal Fusion Evaluation Model. To address the
limitations of single-modality information, an end-to-end hand evaluation model, TAIL
(Textile Attribute Integration and Learning), was developed. This model integrates the 22
numerical features with image and video data for comprehensive hand assessment. By
employing dynamic time warping for multimodal feature alignment, along with attention
mechanisms and temporal convolutional networks for fusion, the model supports joint training
for regression tasks (hand score prediction), classification tasks (style classification), and
decision tasks (usage suitability recommendation). Testing on 101 samples revealed a mean
squared error (MSE) of 0.258 for regression tasks, a Micro-F1 score of 0.921 for classification
tasks, and an accuracy of 92.3% for decision tasks, significantly outperforming single- and
dual-modality baseline models (MSE = 0.412, F1 = 0.823). These results demonstrate that
multimodal fusion effectively leverages the quantitative precision of numerical data, static
details from images, and dynamic information from videos, achieving a holistic representation
of hand performance.

(4) Proposal of an Interpretability-Enhanced Knowledge Discovery Model. To mitigate
the interpretability shortcomings of the TAIL model, a knowledge discovery approach for
fabric hand evaluation was introduced, combining Analytic Hierarchy Process (AHP) and
Rough Set Theory (RST) into a hybrid model. The model first optimizes sensory descriptor
weights using AHP (consistency ratio CR < 0.1), followed by RST for attribute reduction
and knowledge extraction. From the 101 samples, 155 IF-THEN mappings (e.g., "Smooth(5)

—Silk") were derived, with confidence and coverage balanced through dual-objective Pareto

ii



RAER A LA AR

optimization (harmonic mean improved by 18.7%). Experimental results showed an F1-score
0f 0.91 and a decision accuracy of 87.3%, with expert evaluations rating interpretability (4.3/5)
and logical coherence (4.6/5) higher than traditional empirical mapping libraries (3.1/5). This
method not only enhances the transparency of the evaluation system but also provides explicit
decision support for fabric selection and product design.

(5) Implementation of an Intelligent Evaluation Software System. This study integrates
visual feature extraction, the TAIL multimodal fusion model, and AHP-RST interpretability
functions into a fabric hand evaluation software system, achieving an end-to-end intelligent
workflow from multisource data input to hand prediction and interpretation output. The system
processes images, videos, and sensory scores through a data input module, generates 22
quantitative indicators via a feature extraction module, outputs scores, classifications, and
recommendations through a prediction module, provides explicit mappings via an
interpretation module, and enhances interactivity with a visualization module. Its core strength
lies in automation and efficiency: users simply upload multimodal data from fabric samples to
obtain comprehensive evaluation results—from quantitative scores to style classifications and
usage recommendations—while visualizing feature distributions and decision rationales
through an intuitive interface. Compared to traditional manual workflows, the system
significantly boosts efficiency, offering a highly effective and transparent digital tool for quality
control and fabric selection in the textile industry.

In summary, this dissertation achieves a multilayered fabric hand evaluation based on
visual representation through phased research, spanning correlation validation, feature system
construction, multimodal fusion, and knowledge mapping extraction. The findings confirm that
surface, compression, bending, and stretching properties can be effectively assessed via visual
data, with the proposed feature engineering system and multimodal model markedly improving
evaluation accuracy and practicality, while the knowledge discovery approach further enhances
system interpretability. These innovations provide significant theoretical contributions and

technical support for the digitalization and intelligent advancement of textile engineering.

Doctoral Candidate: Bo Xing (Textile Materials and Textiles Design)
Supervised by Prof. Dr. Jun Wang

KEY WORDS: fabric hand, computer vision, visual representation, sensory testing,

multimodal fusion, knowledge discovery
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Figure 1-3 Application of multimodal fusion techniques to fabric hand evaluation
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Figure 1-4 Application of knowledge discovery techniques to fabric hand evaluation
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Figure 1-5 The technical route of this study
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Figure 2-2 Roadmap of fabric sensory three scenarios evaluation
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Figure 2-3 Statistical distribution of the samples related to different key parameters
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Figure 2-4 Image representation of sample
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Figure 2-5 Video representation of sample
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W S AR e ECE IR, W R Y BRI R AT s B EUE R . IRAE
Dijksterhuis! I 78, AHFTEALE 7 —A> 1 30 44 BA T 208 SHIPPOT R 4L i & lk
gk 2-10, PEAEEBI X, FReIAGTE 23 2 55 B2 0. PR iz Ll 500 4
K GiRBARFARNG S GiZ L N 7 (EZZ RN st AN D 9581 TR
A AT TR . RPN N B S Sl 2 2 IR TN .

NPV BB A RERORKIMZE, 30 AV AREN L 3 41, 4110 A, 539

MITESR . EEMIS=MIE S5t PP R AB R 2-1 Fis.
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*® 2-1 W RSERR
Table 2-1 Grouping of panelists.

R A B3 FSERE BB 4A kTN Mt
REFHER 2 2 2 6
R YN 2 2 2 6
VAR 7 e 3 3 3 9
B 4T 7T A 3 3 3 9
it 10 10 10 30

2.3.4 TN R

AW FUR ) DFA AT 2300 F B Re B VP . DFA MR Xl 4% G 07 V10 5%
BRELE T8 P ROGT B BT i in], BRAEAS J@ 4 40 A PPAf — X4 IA 18] C_ EFRFE Upper-scale
Descriptor (+) I FFRrEE Lower-scale Descriptor (—). i, X TR EEME, [FNTF
iy “Soft (+)” Fl “Hard (—)” AR . IXFh 775 0] DA RO G 2T I8 5C S8 14
Ha/ MUV Z, BIVEM A i T “FE” mak “ARE” fmzEtbl,

DFA I 1) & 9 2 0 7 ARl 15 a2 il 16 #2 - (Forced-choice) “ 72 133 H

(Yes/No)” [a]f, ELRPPOE AR IR I R AR (+/—) BEAT & FHYERIWr . 25 =20
M 3E4T 3 i 5 FE i (Sureness rating, 1=ANfisE, 3=IE®WHiE), Ht—LENLIEN
X E S FIWAE K o M AR SRR A P & 7 (CATA) B E B 701,
X e E R T iEEE T SDTHMAN Thurstonian J77EMNS, ] DR 115 i B4 22 o R 1) )&
ESCYER I € =g

I AP N X Upper-scale Descriptor (+) F1 Lower-scale Descriptor (—) i
WA R, TR B E YRR ), B AR . et ARR Y, d)fh
THEAH b BT 2 o H B il g 108,

(1) #ERIFEFESE X

TR A B PE AR XS T 2 ik 5 R 1 I SR A 22 O E B AR OR VRO I AT
AR RGN T IE R ST fhR A 2, e HE AT itk ik, CME g —
AT LA -

TEARTEM I B, 9723070 S0l I W i 2 3L (A e 78 25 23 fk w5 e R R T
WIS, TFNETHESGLMERAER, REH29 150 ANPEER 23V fil i 19,
PAFE 7316 5 SV AEAS RIS R B A v AR 1 o BB S, O3 iR il RS HE RS FE A, &
F B0 B R AAE AT IR IR FARAL . It R R, 25k B UM BOAN 08 B A 1)
RiE, AR RE RS HE R R fb ot Je 1t RIS . e bR ik, w2t 70 24
e FEAR R BRI o FE R AT B, B FC I A S5 AH G SCRIM 18, ehiiade Ji5 R ARAE
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PEREAT i — B RV TR 2 . B TR S G B AR S AT AR AE RS, IR AT A AT 1Y
RIEBBERFAEREA BRI 21X — 250 R M, RETER—ERFG PR
LUV E R 1A P
2SN IRCE SR IR R 20 X5 CE SR TER R R A R (AnER 2-2 B,

Hrp 45 20 /™ Upper-scale Descriptor (+) A1 20 4~ Lower-scale Descriptor ( —), AHff
FLH, Upper-scale Descriptor (+) RJ # g g 231 1) 1E 7] fih 5t J& 4 , T Lower-scale Descriptor

C— AT AR g A7 ) ik ot B 1 o A8 i BEARE FEE , BT 9 (A A AR AR 108 1) i RAE (I 230 T UK,
B =R R, 3l R IR (Surface, 4 %), E4i%rE (Compression, 4 %)
a4 PE (Bending, 4 %), PrfHEME (Stretching, 4 %) LA HGREAIH% (Thermal-
wet, 4 %),

# 222 BTIEMEFRBIERIT

Table 2-2 List of descriptors used for evaluation.

Pair of semantic-deferential descriptors
Property Category
(Upper-scale descriptor(+) — Lower-scale descriptor(-))

High friction — Low friction
Surface friction
Smooth — Rough

Surface
Regular — Irregular
Surface contour
Flat — Puffy
Elastic — Non-elastic
Elasticity
Soft — Hard
Compression
Full — Lean
Fullness
Dense — Loose
Static — Dynamic
Rigidity
Rigid — Pliable
Bending
Draped — Non-draped
Draping
Flowing — Firm
Stretchy — Non-stretchy
Stretch
High resilience — Low resilience
Stretching
Flexible — Stiff
Flexibility
Resilient — Non-resilient
Warm — Cool
Temperature
Insulating — Conductive
Thermal-wet
Dry — Wet
Moisture

Breathable — Non-breathable
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X A 0o 43R TR SR I SCRIPEAN 7%, IR A A S A ] St
TE=Figsch i AR E A, DEEAT IS st iR
B, %+ “Smooth (+) -Rough (—)” X—HiRWEX;, HiE X N: “LUWIRENT
SURREE . elE SR « JoRUR B fih v A5G, RS (1) 24 ) 2L A R
(RO R B SUHRRAE . ” AEVPA I, PRI B RS TAEL IR R ok [ BERE, DU
FNZA RN T-HRAs BB T, AT 4 W 23 3 T AR e P R RS A
(2) TRYEFE ML
PR 22 S VAN I R
(a) PPU L35 EIESTT RV TARRT, 2006 B A AT 03 St P2 1 55 VI AR
F o LA OR VPO AR 1 — Bt AR 1 . BART S, BALTEN R TSI 6 /NI &R
Guipl, BRI AR FE VPO RR e B 4 1 DA RO & TR 15 & SCIIVE A Eg . Ak
B R o IR ARG, B5 YIRS rhode FH B TRURMSE A 5 1E 202 50 B s FH IR AR AN [F]
MNIAE VT 2 BEE AEAS RIS 52 T AR VPN FR e 7325
(b) SEEHAT . HELMhBIg 5, FrAFEAREVFN I TAERSE 20:2°C, AHX IR AL
65 £ 2% MIARTERNEE T 11 220 24 /NIF, DLTH BRIPAEE DR 200 il 20 . PPN FESL IR =
WEH AT, PP REIETENT, REIERR IR T A BRI s, iHE
ML S BRI B EG, SRS EAE S — . PR 2 o] B H 35 ) R S 7s F FR 46
JRCEE A s WA 5, ETHRAL 5 T B AR R TEORE AN, AT 03 W] 4% ) 4R 03 P AT 42
(o) Hfllise. Prfysesmicn s v LIRS, JF{E ] Microsoft Excel 2016 ]
CheckBox Zhfe#HATIC R RN VRN 28 1) BoR T BN R b, PR 76 sl
FHMLI] CheckBox I IRHEATERT o JyFaAK i R A5 N, -2k G A 28 DR ST AR AT 9 2 BUR o
Iy, AHE TR VP B IR R BT AT AL . SR, DA ETRE A
RE, Fd i AL AE [F — S8 W4T, A B SEAIBEALHEES . tkok, £ DFA
XA, Upper-scale Descriptor (+) F1 Lower-scale Descriptor ( —) 7[R —2&51] A 435
I, BT A Upper-scale Descriptor (+) St i/, 285 & Lower-scale Descriptor (—),
BUE A S, DA ORI B R v A o] A
MR FE R, PP 037 R iz i) 2 50d H T8 AE R e VPN 5 T X )
FEEERIVEAN ? 18 RN RR BR 8 1 AT VP40 o 7 PP B TRILHE “ Yes” B No”, il f5 i FH
3 R RO I AT IR 2, b 1 o) “ANE”, 3 Ron “IEFEIE . AN
afm N HR e 6 BTy, W 2-6 (a) R,

2.3.5 HIEALIE

FNREARE=MI RN 10 SRR E LR, FAER 101x3%x20%2x10=121,200
FAFE M IC SR NS i T et — B S GHETE & 18] ICC, 2Bk 73 vF 9 (iR
T ICC “PIMH 2 Mtz D) FIATEZ N (BEHLIHEL 10 MEEAREZ WS, KALTF
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MEVEIRENE (ICC>0.75 A HER)). mABBELEEIRE 121,064 %A 200
3, NIRERII TR AL AT SE LA .

(a) Examples of response format

Two-step rating-based double-faced applicability test

| Forced-choice ‘ ‘ Sureness rating‘ | Forced-choice | ‘ Sureness rating‘

Category 1 Notsure  Verysure Category 2 Notsure  Very sure
Upper-scale Descriptor 1 | Yes | No | [3 ]2 1] Lower-scale Deseriptor3 || Yes [ no |  [3[2]1]
Upper-scale Descriptor2 | Yes | No | |3 ]2 ][1] Lower-scale Descriptor4 ([ Yes [ no | [3[2]1]
Lower-scale Deseriptord | ves | No | [3[2]1] Upper-scale Descriptor3  [yes [ no | [3 |2 1]
Lower'scale Deseriptor2 | ves | No | [3[2]1] Upper-scale Descriptor4 | ves | no | [3[2] 1]

(b) Pre-processing of collected data for data analysis

1.  Converting data collected from two-step rating based 2. Constructing data matrix using the 6-point ratings
responseformat to 6-point ratings for each descriptor obtained from each descriptor
- * Analysis of variance (ANOVA) for analyzing mean scores of
[ Response to Upper-scale Descriptor ] each descriptor
1 2 3 4 5 6
—a— & . Upper-scale rating U1 u2 U3 u4 us ue6
Very sure Notsure  Notsure Very sure
| Sureness rating ‘ ‘ 3 | 2 ‘ 1 | | 1 | 2 | 3 ‘ I_> Mean score of each Upper-scale descriptor
! . v v i 1
Upper-scale 1 2 3 4 5 6 Lower-scale rating L6 5 L4 13 L2 L1
rating ut | uz | us | us | us | ue (reversed)

Mean score of each Lower-scale descriptor

[ Response to Lower-scale Descriptor J

« Signal detection theory (SDT) analysis for computing d’a of

= S 1 2 3 4 5 6

B

-

Vi Not s Not Vi i
ery sure ot sure ot sure ery sure Signal U1 U2 U3 U4 Us U

| Sureness rating ‘ ‘ 3 I 2 } 1 ‘ | 1 | 2 | 3 ‘ (Upper-scale rating)
. I} Noise
1 2 3 4 5 6 (Lower-scale rating)

L1 L2 L3 L4 LS L6

L1 L2 L3 L4 LS L6

Lower-scale
rating

d’a of each attribute (pair of descriptors)

2-6 BIRWESAIEIIETRE: (a) DFAR; (b-1) L/ THERE; (b-2) ATHIESH
HIREMINE

Figure 2-6 Illustration of example of the (a) ‘double-faced applicability (DFA)’ test. (b)-1 Represents how

to convert the collected data for each upper-scale(+) and lower-scale(—) descriptor to two different ratings

and (b)-2 data matrix for data analysis

ERBEAS [FPEA S 5 R0 1 s w PR BRI 520, AR 8K F 2 RV RIR A 7 2253 i
(ANOVA), XHHfa 1) 6 WP BiRi ATt ot (B 2-6(b)-2). 1EEE PN EHE
Mg b, A DY 2R VR A RS, ANOVA 70 i, He PR s, ki) Lk HAZ B AE
FHVERE [ E RN, TP 5 AR A B e BB o F IR 1]/ g ] g Rvi e —, e
MR, Upper-scale Descriptor (+) Fl1 Lower-scale Descriptor (—) P47 0
B, Dkie Hgiih g SRA R Gk i i) Imed AT Q3T IR G 208 ANOVA 5
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G, A ImerTest BRI T Z 0 DI REREAT e it ke, “KH] Satterthwaite J772
it E B A, RARDZRBMEZER (95%EFEXED #HfT7HERR, ORA
[F PP 1 s R R 1) 2 8] (1) J2 35 14 22
Ak, Ayt — 25 Ak DFA ISR E VP 45 5, A7 K A SDT #HATdES it .

FIFH DFA I AT 1S 10 6 i E5r %04, #% Upper-scale Descriptor (+) PE-MNE S, K
Lower-scale Descriptor (—) PP/ NEER, FEitHdyfE, PLRAEA RIHGIA W 1) X 55 6e
1o NGy THE TGRS KA, SR AN BUR et 47 898 4 B, IR A SDT Assistant £
FE Xt dy 77 ZRBRHE R T A . ST A2, SR R/S-Plus (1) dstest 5!
T, 1) 2 B R B, FFARIE A W SR HER dy (B HEAT 73 RANAERE . X T dy R
AR, ARHE LEFARREE PSS (1) dyRF /N T%, RYIPH & S 6
T4 H Lower-scale Descriptor ( —) #ATHiA; (2) dj5E T %, KB Upper-scale Descriptor

(+) 1 Lower-scale Descriptor ( — ) [t3d FH P AH 24, B0 3 3 AN PP 38 B S At im) 15 1

(3) dyR#FEKRKTZE, F£W Upper-scale Descriptor (+) B AN I,

2.4 SLIGEE

sl 2-7 FoR, 7E 20 XA T, A 4 0 RO R R N, RO P i
MEAFG R N REVEES, A 6 Xt EILH RN, RIAS FRRT S P4 4 SR A
RELM. Sesh, A 2 0 RIS R A AR

241 MEZREMNGER

(1) s
HIRIEH T A iR 1A, B4 Warm (+) - Cool (— ). Insulating (+) - Conductive
(—). Dry (+) - Wet (—). Breathable (+) - Non-breathable (—), {E37 5 /7 [H [¥]F
B B EEE R (K 2-7 ), e X LR AL =My 5T A B
I HH TG AR AR
XFT Warm (+) X —#iikn], £REI =R o B2 T B S By soh 1S
7rs M, Cool (—) X—fidinlfE BG 7 5 H-F 1 7 B E AR T B SE by s b 115
gy X8RN, RGP NN R 2 HORE AT [R] IR 21 “ Warm” A
“Cool”, [ il H iZ AR ) 0T B PPN AR 1HE AN 8 B A
[FIFEH, Insulating (+) 7£ B st 04550 25 = T L SE b #23% 5¢, 11 Conductive
(=) K37 BEM T BELai . IMERKRY], £RBGFET, tFE X HH
R AR R R R RSN 5 L S A AT DA AE I 22
Dry (+) -Wet (—) ERBGFPRFY0 5 B, (HAERS 5 230
HAH S
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4, Breathable (+) - Non-breathable ( —) HJFE/MNAEM A7 e rh R B H OF J& Bl
%, Hrp Breathable (+) 7EAR A7 5t A TR0 i T B Sl #E3% 5%, 117 Non-breathable ( —)
HIPE5 ) 5 B S i3 5 2 A K.

Mean scores d’A estimates
Descriptors
(Upper-scale(+) - Lower-scale(-)) Results of Upper-scale ratings Lower-scale ratings

4-way (reversed)

Category

Mixed ANOVA model 01 2
F Scenario = 1.25

High friction - Low friction ~ F Descriptor = 0.85
& F Scenario = Descriptor = 1.64

Friction F Scenario = 1.98
Smooth - Rough F Descriptor = 8.53*
g F Scenario x Descriptor =0.49
F Scenario = 2.47

Regular - I lar F Descriptor = 1.14
e rreguia F Scenario = Descriptor = 0.72

w
S
w

o
=
l &}
'l
L

w
£
tn
o
8
&
=
=1
-
s
w
IS

'

Surface

Contour F Scenario = 1.89

Flat - Puffy F Descriptor = 2.13
at - Pully F Scenario x Descriptor = 0.37
F Scenario = 1.85
stic - -elastic F Descriptor = 0.23
. Elastic - Non-elastic F Scenario = Descriptor = 2.41
ElazHelky F Scenario = 1.07
- F Descriptor = 6.53*
Soft - Hard F Scenario x Descriptor =2.73
F Scenario = ll‘ié;58
- F Descriptor = 1.!
Full - Lean F Scenario * Descriptor = 2.31
F Scenario = 0.89
Dense - Loose F Descriptor = 2.05
F Scenario * Descriptor = 1.76
F Scenario = 0.42 5
Static - Dynamic F Descriptor = 1.95
Y F Scenario = Descriptor = 0.72
Rigidity F Scenario = 2.18
Rigid - Pliable F Descriptor = 1.29
. 8! F Scenario = Descriptor = 0.84
Bending F Scenario = 1.62
Draped - Non-draped F Descriptor = 0.89
) P P F Scenario = Descriptor = 2.17
Draping F Scenario = 1.45
Flowing - Firm F Descriptor = 0.72
8 F Scenario = Descriptor = 2.34

Compression

Fullness

F Scenario = 1.77

Stretchy - Non-stretch F Descriptor = 0.92
Y y F Scenario x Descriptor = 2.04

§:¢§:¢

Stretch F Scenario = 0.45

High resili - L ili F Descriptor = 1.47
igh resilience - Low resilience | JeStnptor Deseriptor = 279
F Scenario = 1.18
Flexible - Stiff F Descriptor = 14.95*
E exible - St F Scenario x Descriptor = 2.66
Slzattzy F Scenario = 0.32

ili - -resili F Descriptor = 23.57*
Resilient - Non-resilient F Scenario x Descriptor = 0.31

F Scenario = 42.16*

‘Warm - Cool F Descriptor = 2.15
F Scenario x Descriptor = 0.63

Temperature F Scenario = 16.85*
Insulating - Conductive F Descriptor =1.92

~-h
F Scenario x Descriptor = 237 e o I --a
F Scenario = 19.24* - —a o 0
Dry - Wet F Descriptor = 15.84* — b vaC
24 F Scenario x Descriptor = 5.68* _ b

Moisture F Scenario = 25.17* lI % Fe s
Breathable - Non-breathable ~ F Descriptor = 34.69* E- -
F Scenario x Descriptor = 4.21* _ b

IVLEREETVREE

Stretching

II I

n[

2 IE !

L) }
P

Tl
!Rﬂl’l‘* oML SR (T SEL R I, PET “
=2

=3
I
o

Thermal-Wet

‘ | Real-touch scenario Image scenario . Video scenario ‘

2-7 PHFRAFINEER

Figure 2-7 Results of panel response in fabric hand evaluation

(2) #RFKS

il 2-7 fzx, (£ DFA S, 20 Xk ia $1F 6 % Upper-scale Descriptor (+)

F1 Lower-scale Descriptor (—) VPFMA/EREEZE T Falf), 1E Smooth (+) —Rough
(—). Soft (+) —Hard (—). Dry (+) —Wet ( — ). Breathable (+) —Non-breathable ( —)

XL AR E X, Upper-scale Descriptor (+) 345343 I8 3 =1 T X B2 1) Lower-scale
Descriptor (—), IXA]He& B NI /NE TR T4 Upper-scale Descriptor (+) 51 R fiil
R RAE— L, I L, X F [ —4%5E 1M 5, Upper-scale Descriptor (+) 1 Lower-scale
Descriptor (—) [ SR B 52 ELAAR 1A 3 1T 57
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(3) R EWARFER TN

mEl 2-7 i, s GRS EANAE Dry (+) —Wet (—). Breathable (+) —
Non-breathable ( —) IX P iR 1] HH 1S DL E - SRR, AFEHRIEEA [F37 50 5
FEAR VA 45 SR S22 AN [F] 1

HAEIM 5, %t Breathable (+) —Non-breathable (—) iR iaIXT, 7EF LAl
FMEE %5, Lower-scale Descriptor (—) KPS0 % AE Z 5, MM,
Upper-scale Descriptor (+) HJF3143 70 B B E. X T Dry (+) —Wet (—) FR 1A%,
TEH Sl #3750, Lower-scale Descriptor (—) #1543 .2 = T 404037 5=+ 1) °F
Y154y, TWiXT Upper-scale Descriptor (+) A5 NAH & .

242 558MNd, &R

Hitt— B EA SRR EAEA RV 5 T S Y, AT R A E (i 2-7
D)o HREW, REZEHRIF K dyERKTEF, KW Upper-scale Descriptor (+) fE=F}
PR 50 BIPE4r 3 i T Lower-scale Descriptor ( — ). 2R, Flexible (+) —Stiff (— ).
Resilient (+)—Non-resilient ( — ) f IR 18 %] [ d [E & F K T, 1Ji#] Lower-scale Descriptor

(=) FEX PRI 1a)of w1 FH M B 58
sBAh, 20 XA, A 4 XEARTET 5T R B3 %% (Warm (+) —Cool
(—). Insulating (+) —Conductive (—). Dry (+) —Wet (—). Breathable (+) —Non-
breathable (—)), HALEH 5 ANOVA 7344 R — 2. XKW d) (8T A E P
SERINE EFRIR,  RSAS [F 5000 A el B 4 R 520

2.5 35T

ETREMMARM LY SDT MG, BRI s, fiikiE R HA
HAFHRI AL T ICAREERE . K40 55 thvERe. BofiiERe LA AR RESEANIF]
YEREHEAT 72 JRRVT 18, Pl B A8 EL AN A R I LA B

25.1 FRMEEEEM S

(1) kR 53 g

FERR IR T T (AN 2-3 Fis), T “Smooth (+) —Rough (—)” #iiA {7,
R 1] 2 R IA B B K F (F=8.53, p<0.01), XEHIFNELER “HI” 5 K"
PR ARG . BART S, EARE (O WAarE (M=3.5, SD=1.2) B¥&&
FRFRE (=) KA (M=2.1, SD=1.4), 7 PP 526 5 3% A 5 1E 1) ) T
PR A, T [ 28R K 7 T PR AR 1]

EY SN S BEAER T, J7 20 @R BRI 508 (F=1.98, p=0.138) JH
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S5#IR R BRN (F=0.49, p=0.613) AR . 1X— 25 FIGUEAL -5 il vk PPN AE R
MYERE BRI — 28 (1CC=0.87), UiRHTERMEMREREM L, BG5S SR Shb
TR RS RS

#* 2-3 XH2 ANOVA 4R
Table 2-3 Key ANOVA results.

Category Descriptors F Scenario F Descriptor F Sce. X F Des.
Surface Smooth-Rough 1.98 8.53 0.49
Compression Soft-Hard 1.07 6.53 2.73
Stretching Flexible-Stiff 1.18 14.95 2.66
Thermal-wet Warm-cool 42.16 2.15 0.63
Thermal-wet Dry-wet 19.24 15.04 5.68

E: RN EEME (p<0.05)

(2) JE455%5 it g 2 3 1t 1 e

X F E4R 1 RE , “ Soft(+) = Hard (— ) " 1] %o (1) 48518 18] R i 3 (F=6.53, p<0.05),
AR (F=1.07, p=0.343) AR, BEWEIFNE AT LLEE s B (FlinE
RS ENTE ) SR AL I A . DGR it — B BoR, R 4 A T AR R

(v=0.12px/frame) 5l H P EMAMK (=—0.67, p<0.001), M5 UES) AL AL

126 SR B 5 R 2 e TR AT R

A R RE T I, RN (F=2.18, p=0.115) B RiA L, {H “Rigid (+) - Pilable

(=7 SR X VP57 A R W, A s AR (5 1R S BUE (SD=1.1) Ik

T B 5 (SD=1.5). X —45 Rt W], B0 1R AR e 10 th W B2 P13 2.
TR0 25 il BE T EE R AT T SE OBl R R fil e v

(3) Fr e w3 g

TERLARE BE 5 THT, “ Flexible(+) — StfFC— ) 7 1A 1] X (1) 45 148 17] 5 B AR 5t 3% (F=14.95,
p<0.001), FIAEHREN (F=2.66, p=0.071) AbTib% B /K. Wiz d, KR
75 i 2 AR (ROE Rt BE VP4 2 B R AH ¢ : 2R <50px I, PF43 3515 8 2.5(SD=0.8),
M24R>100px i, PEAHMEA 2.9 (SD=1.3). X—MEULHH, WA HT I 2 i 4 {2
BRI R EAL IR W) T IRAE R G SEMT TH 2 5%, 3F—P@id Mann-Whitney U
RG220, AU il i34 S VE o A R LR 2 R (U=1203, p=0.214). B&sF N
0 FAEAE R BE PR v A T SEPE SR S SRR, R B R ML fE 1 3h 15 B S s B 2
[) R P4 85 SR v P — 2K

(4) PARTERERI PPN 2%

RN S50, PIEEHTH “Warm (+) - Cool (—)” (F=42.16, p<0.001)
5 “Dry (+) - Wet (—)” (F=19.24, p<0.001) SR ia%F ) 2 DI 53 HI37 5300
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fib i35 “Warm (+) 7 ¥F4) (M=3.4, SD=0.9) B E KT K% 5 (M=4.1, SD=1.5),
1M “Cool (—)7 7 fivr A1 G 18] W 4 IRAH S (R PF a3 o KSR, BB AN FEAL B
55 fiph it [A]AFAE B 2. 22 5

FEAZ H A NFRMT T, “Dry () - Wet (—)” IR % (1)37 5 /4R 17 28 B3N
(F=5.68, p<0.05) 2 RE/KF, RGP 155 0 1R AN RS fil b A A
JoR 2

(5) ZZEWk

Bl 2-8 T LU DU PERR PP — Btk . FESRT . FR4A. Zih Shifikge b, %5
(RIPESy A s B (Jaccard MLVE>0.75), SomMlse 5 b 5 PR 10 B 4F— 3k . 1
FERGRVERE b, VP20 A ) H I S B U RRAE, Ao e 2 b Tmar X (S>4), M
3 5 M o BE PR 7 X (S € [2,4]) 0 X — 22 TR B, MU RAE TV A UL B HUR(E B

FmERITSSH FERERTFGHH ettt s 5% ftERTF S o6
1.6

— — —
— BB — maER — msEs
— S — wEas 12 — TR
1.0 o
1
0.8 0.8
o 08 o =
& @ e E
0.4 0.6
0.6
0.
0
0.4 0.4 . 4
0.2 02 \ 02
0.0 0.0 0.0 0.0
1 4 5 & ? 1 2 3 4 5 L] 7 1 2 3 4 5 é 7 1 2 3 4 5 & 7
L R W 4
MRS 9
1.4
—
1.2 b
1.0
o 0.8
# 0.6
0.4
2
4
e

2-8 BImETHN—EMExIEE

Figure 2-8 Cross-scenario evaluation consistency comparison

CEAKE, RGNS SDT /M3t A8, 4056 FRAE 58 0% B A At 5 PEAN 22 11
JE45 . AR AR RE (R HI A, (BERGEYERE F A ZUkas s ##:fh (R0k H2
AT
2.5.2 FRUMRE—BUE

(D) Bims—8tnr
SHFRM . B 2 AR DU RN MERE, B H AL R B ACCB.kL) 5
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W

SN FAE, 5RERH (R 2-4) RKIMMHERER ICC M 0.87 (95%CI:0.82-0.91), &4tk
fe. 2 MR eI R PR RE R ICC WIAMET 0.79, [FIN &35 8 i) F 1856 Ris 3 R &
P (B anR P RE F=1.32, p=0.268), KA [RIRLZSIE] PR 25 RARIX Lo g B B A
8.

T 2-4 BIHE—HM ICC 4R

Table 2-4 Cross-scenario consistency test results of ICC.

Category ICC 95% CI F P
Surface 0.87 0.82-0.91 1.32 0.268
Compression 0.79 0.73-0.84 2.01 0.135
Bending 0.81 0.76-0.86 1.89 0.152
Stretching 0.83 0.78-0.88 1.57 0.209

BE— DRI 4. Bl BAMRGRIERE, THEE R Bk (CCD, 4
REW (R 2-5) K B8 25 -ATRLARFER) CCI #9>0.80, Ron{iFs Esins
P, BERERFER CCI<0.35, R 55 Sl P A fE w8 25 . e, X T
T AR, AR CCL TGS, KIEKEiBELR (WA, kR
AR VPO LT RE P I B . WAL AT AR 2 AL SR 01 R R AR I
AR R, X B ARF AL AN TR AU RESR F1 B - & AL R

*® 2-5 BIAR—HM CCIEIELER

Table 2-5 Cross-scenario consistency test results of CCIL.

Category CCI range 95% CI
Surface 0.84-0.88 [0.80,0.91]
Compression 0.81-0.83 [0.77,0.87]
Bending 0.82-0.85 [0.78,0.89]
Stretching 0.80-0.82 [0.76,0.86]
Thermal-wet 0.31-0.34 [0.25,0.40]

(2) 1P d) Sk
X PAIRAERESM 16 XS iR, THE SDT HEZL T HidyfH,

. Hits B False Alarms (2-13)
A Hits + Misses False Alarms + Correct Rejections

® 2-6 BoR, XTRIME. K40, B SRAIERE, dyXaT 1.5 DB (Blanakim it

RERIdL P ARAE 1.8 B 2.3 2 [0], p<0.001), IXF IR G FAELEAL 16 A0 N R YY) PR I 14 )
HEW &P ae 11, St vEAN 25 B FE = — 2
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xR 2-6 dSEELE

Table 2-6d) range result.

Category d), range p
Surface [1.8,2.3] <0.001
Compression [1.6,2.3] <0.01
Bending [1.7,2.4] <0.001
Stretching [1.7,2.4] <0.001

2.5.3 FOEMERERI M A IV T 4R

P REA R, #EPERE (Warm (+) - Cool (—). Insulating (+) - Conductive
(—). Dry (+) - Wet (—). Breathable (+) - Non-breathable (—)) FJ¥FA &7~ H A
BBEAZESR.

(1) ANOVA 35305

%f “Warm (+) - Cool (—)” #iiRiAR (F=18.37, p<0.001), fiH3z5HIPFEs)
(U Cool (—) WrM=2.9, SD=1.10) EFE&ETEIE (M=2.8, SD=1.4).

(2) VRIEFEFEST T

P HREFE PR T B (GR 2-7), MUt s N HGR & PR e AR HER 200N 54.3%
(95% CI: 49.7 - 58.9%), MM fifiuti7 5t I HERE 3 =15 89.6% (95% CI: 86.2 - 92.3%), H.
Kappa RE{H 0.12 (p=0.083), TR PPN 45 5 5 fil e vPAN JLF 6 — Bk

® 2-7 RIEREDITER

Table 2-7 Confusion matrix analysis results.

Real Label/Predict Label Predicted Warm (+) Predicted Cool (—)
True Warm (+) 32 18
True Cool (—) 29 22

X IRV BEARAE T, PR T 2 A 4E ) SR E (D 5RIRE (B),

EARSERAE CAnJERE . S0 e LBRA) X Ley B & 11 2 [a] B AH SOG40 55
pIEUIESIHEINEEi 0 i

A =0.15-J5%¥ +0.08- GLCM)#i—0.03- i T 2 + B (2-14)

350 R=0.21 (p=0.003), T 21%HF R ECE 7 0] AL RAEMRE, Bk T
il i PR BT RIS I R?=0.79 (p<0.001), AT uE B RIS AERR A% s R B I3 545 5
WIEIEAT RS AR PP v A M o I s WA i S5 e 5 i i R R 2 T PR AR T 2 5
Ry AL B R SR E RGN R B E b, 3k — 2D U WAL R AR AE PR B R BR 1
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2.6 RE/NGE

AT R Gt o A S Ak v R R AL SE P BE 77, R R B 3 SRR PR HESR AN
XU IE FIPE 3 (DFA) ARG UEA R P 5t~ AWK PR V- 1) — 2, sy
WA L I SE R S 57RO . EELASRIANT

(1) ATRMEHESWVFN TS, PRI IESE. 85 TE Sl i
f¥] DFA BARUAT “ “AHIEREIRE L VP27 Tk, K B E VR FAL v E B b (dy5
ICC), ARl F w2 IR, RA DY R IR G 2N ANOVA R If 45 &
Satterthwaite H HZEIE, KA R ik, FEASHE Z MRS EER, &
SLESAR S — SR IR bR AL TE R

(2) AERAUEGERAEAEIUMNEREVEU A Rk . SEgRaf Ko, fERIE. Tk
TN E DA LIS G e 0 Pl = AN LSS E o VI T S N 0 R B = A
B (ICC ¥yttt 0.75), Hi& MR )l KT 1.5, 7k AL E SAEE L LML
CRFE (AR ScE] . SR S W S R O BB Al FE .

(3) AE R RAEAE IRV RE VAT FAFAE R RER . X FERME. FIEM
M N S IR, MRS N PP 0 A 2B B XUEDL S, Hdy T 0.5, &or
HALE 1S S AERR S AV I AR R ;s 22 JelrlA At — 20 3R W, MLl 5 2T 4
FIARBORIR IR R 2 A OCICPE RS (R?=0.21), RIMHGE I BE M HERR T 5 SR8 5T 2 4b.

LR EPrid, AEEEEGSIEE I, AOORSESRIARE YR, @A E R
YIRS g RAUEM], fERIH . E48. ZlAdrtae B, W SR 20U
LAY I, T AR P RE U PR AL 0 RS AL 5 S R SR ORI R SR IR 3 595 i AN A 1 9
WV IHE . ST, JREENTFUR R E TR A GE R AL, I8 IR R AR OB
FRRFIE, M3 T A5 B AT RGP, AT SEELRY B AL v O (1 8 e A
ABRAELL o
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£ 3 E AYFRINRENIEFNAERCBES K

L TFIR A PPN 2 7 R LR U B BT 5T 07 7], A% G757 i MO T i o B84 5 53 1)
Pk s, DU R DR ML X @ R By s i RR K 28 2 Sl seae ie uE
WAL GRSEGMIEMBD AR, K40, 2 AR LR P i A 2k, 48R
HB ARG AN 0 77 SR, EESCHLX — B bR, 7 AL Edfs o S HCRE % s 1 S ik T
VERERI EACHFIE, B RGUHIRIER R &R RY) T RO F A R EYERE (n
FRE BERE . PRVESE) BET IR, SRLT KES RGMME T N, KRR EYEE
SCRIAT P N TR AR SE A B F- 5 “PERE-IHN " Z R TR I S o0 & o il TAREAR
NSRS 5 LA 52 2T RO SCBEIA Y, 8 I et ik £ B MBS UM ge it ) SEPE 95
b, BEWEA R AR AL S REACON AT THER RSN, R ST R AR (I Ai

AT R THRHAE TR B, R G BEEOR, BEX5E —E I8 UER 4 SKAT4T
PERE R, 548 Zih. Sfd), M B0 33 MR RIEAR &R . EEX 101
NEUDFEA IR E B A KES Bl &8s ix L i tr, SRAJT Z KA A Lasso
BUHEERTURRFE, AR 22 P RBTEbr . SCIRE AR UL PR TR br 5 H S B T
W BB — 2, NS 4 B ZHSRG AR O m R R AR

3155

552 BISIR A KRN, PSERAL (S BB REusAT U BRI . i
5. T AR RE R BTN (CCI>0.80), NAEE:AlRIHN TFRERT BG4 . SR, 0
W B EVE AT R R V(RS BB L T B BT PRl o ZESEHU B AL AR
PRI RE R HETR RS, DAL AE U AL X LR RE R BRI, IR S BRI )
FIREAEAE R

AL TAEAE THSRN LA SE U E B M 2 iy O, il e A HoA W B SO g it
B OUHIRFE, R JR a6 48 e (O AL T BRAR SN o BTG T OFAR, AL RF ik 756
ARV ESR: —RERE VP S B, GN3R T SUER AR N S i “ SRR -HRE ™ B  «
ZrREYENE -, wEMFHER S KES NIEESHOM N =2 A AR E X
oI, REGRRFAL IR IR LR R S i 5 SR AR . DAT AT FUAE SV SE 0 A R RAS e dhJE,
Zhu SFEVUR IR LSRR M AL R TR RE B, Huang 552U DG Hrde Ish 48
FrfE. SR, XEERFAR 2T T R—JE M, ShZ 40 F R 4 REMERER T
BEAR, AL TUAR A B A 3R 1) AS A2 PR A AE T PP T I R

ATRIWEFC H bR T 50 2 ERAEK AT IERE R, W48, . fifd), FH
PGB ASRAL BEROR, # st — B2 S R AR R o BF 7 LARFAE TR L, 4
At 33 AN TR, R BRSO A ZRRIE DL AR B 25 T A Fa Bl Rt o
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NI DR A AR TUARYE, SRJT Z KR T (VIF) U2HG 3Lt 454 Lasso
B[ HUSIEATRAELL AL 22 DRt fatn. 2 — il — ko, KiEixLs
TEbR 5 HSETIROP O LB (KES) ARSI, i DR FLAE 5 S0 215 PO o i H
Vo AT Rl ) SCBE ) B4 . MIRLSAIL SO R AE REME A VR AE TR RE ? PR IR A R S
S A BB B — BRI ? R AR IR FE AT LA R AR R AR 7 AT R B £k 1 [

3-1 ffizNs
HEE/
HREYIIE ] RV B ISR, LRSS IRIZ R ERNSES
v
[ ZREAYFRRRESCRE ’
[ = |

B—E: SIS BB DS EISIE BEE: BEFRUSTE
‘ BEMKES: RmoaE. AnE ‘ ‘ EIASIORL: fufs, S, E’ﬁﬂ?ﬁmﬁl ‘ SRS, £RFEIEE ’

FHIEREE E4RIERE R EHERES(L hifhiEEEEL
| mmsmys | ||| memsmswm | ||| swemsm | ||| seesser |
| monmmsmem | ||| meews ||| sEtow | | | | —ewsosen |
[ owem | [ smee | [ om= || = | mmme || mszm | | mrmem | | momess |

BIERES T SREmiE BRI

33 — 22In

LASSOME|F + VIFFSERZRRE T + ¥IEE el AR i

3-1 RERARIELEE
Figure 3-1 The technical route of chapter 3

3.2 AEAIFRAOMEENRELE

3.2.1 HEMER

AR HIE T 2 RS FRRHER G I E AR, 5 A EBASHTE S 22
VP ER I RE I 8 B LR OC R o IR IR A HE 2 RS 50 R B S5 W E IR S )
fEREAEN, FAREERAT

(1) ZREEST#E

ZUMER NSRS MR ALERE, DL AR E SH i R 25 A 4E Rz, 1)
EIE RERE . RIRPCAFRIRE SRR ARG R, MRS S/ #H (Wavelet
Transform) P3N 5{# B A8 (Fourier Transform) 34 25 505 & 047
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(a) /MR
WERAG 5 AT /NE AR, w18

WT, ()(a,b) = TI” (b (tabjdt, G-1)

Hrb, a ARER T b TR T wt) AEPNRREL. 8% o 7TEHERAFRIR
JETHISCRRAE AR RS . SO EAR ), ATl 3 )= B R AR AE
/NI PR RO H R SRR, B0 Haar /)NBGH A2

1,0<t<0.5
w(t)={-105<t<1 (3-2)
0, otherwise

B M5 S S ARV RIE 22 RO 73 e (e I Sk A s b 35 645 B0 4R, & TR 2
SUHE I R RAR

(b) JEI {8 B 284 (STFT)

X AR AR i R AT B A0 AT IRE SR P R e e B oA

STFT{f (0)}t, ) =" f (r)w(r —t)e " dz, (3-3)

Hr, we-t A& RS, AT RENES, EANGE NI TE AR R UERE .
(2) YRR BN R REAE e 43 7 U
NESIALRHE Fy SIS P, (B HINIEE B, E4i3% C ) Z IR X
R, A2 TR AR
P, =4, +§ﬁk Ff+e, (3-4)

Hr, pONFRETHFREL, e ABENLIRZE . AL 6 P BE B MR 1 B o AR SE AR 1IE 1
££, KH LASSO [RlHBHATHRHMEESRE, AL HARRECN:

min-31y,- 4, - 24X ) A0 (3-5)

Horp, 2 MIENE A%, LASSO HJLIAFRE 2 Lo BUE T SEOlMm s, = 2 Bk
I, B0 USSR 0, AT 25 B TUAR BRAN I 28 (HURFAL o 125 VA DRI B AR 77 1) (R I
SR LT SR R ARV E I A 1L

LASSO [mlJARELEYE AR HERS LI AT IR T SCBURF IR AL, T R B2 R gs
RIJLGERFAL, AEAS AT BAT SO A (0 AT R R AR @ . X3 T S IR I 5 9T
2, YT Bk 5B RETC O M P R MRS B » O B B BESRAE 23D ISP P I A

322 ZREAMFRINTELEE
AR TP ) 22 R W) v B (AR RS 1 70 2 RS AL SR H S R 2K, xRk



Hh | &N

% 3 B LT B BRI R R S TR

AT Z ML 2 REEDHT. ZBER RO H KR VST RO SR o B 05 &,
HARWENE 7 =R R SEROF G S 5 aARAE, DUl 2 TR 2 4EEE
TRV RE R D Z R BRMaIEZHERE, B & SWRm s m
HAELE, WEELWE AN TSN . ARG DUZ (R, AT TR
PN =245 (AT 3-2 B ), 23 5 LGP B ZRAE AN T I (AN [7) 7 T

BAEIE
\ o ] \ RS ]
+ N
SERHHRIER
BBISEE ISR
[ SOESSH | | | SHEN ]
I ||| J
[ EEERE RIN TraE ]
[ BEIL RN W ]
v v
AR
| swEmA | mEsE |  #me@E |
v
T RN
‘ EEAE ’ ‘ R T ’ ‘ B “ HuBNERE

B 3-2 PMFRZRRTIHELR

Figure 3-2 Framework for multilevel analysis of fabric hand

(a) i HFIE

2 — R, HARET NSRS S P IRBUR — P RYEE . JZEI B FrN
S BREVYIAERF € 26T T (IR iy JR4e55) Mg S ERrIE, R m s, #
RERES Ut PR BUREARRGE N I EBRIIGE . &SRB IR € TR FIZERE
Wl n = i 5 B A I R T SO S5 AR E S 1 s 24 1) LR A IR IR e R L

X ER AR B 0 i, RERS EALZRM) R (W SCEAFIE, 3E— PR s 3R T
RSN, QARG EENTRHAE E 25 o IX — SRR 2 A B0t ey B A8
NPARREE) SRR R I A, FEA B AR (1 RGBL HSV) $2IURY)E
(RN
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SR, IX— J2 HIRFAE 1 2 R B S USRI, FEANE LA TH fR R 230 T84 1)
B, SRR AR, IR SSRIE T VA T A I I S B A . Ik, SR
JERHESRBON J5 222 R B35 5 % WURFAE 43 A S A0 B2 1 Sl o

(b) BETLARHE

5 R RFE AL RN B T SR TE A SR R R R AR R . U A I R R 2
s, Bl RGeS S LT RER L, W . WSy st t2mid
XFSVPITERAR | M55 ) % 5% A T BB AT I P 04T, ALY B BhAs a BAREE

X — JE R L 8] 5B 0, i etk i R BLA SE  TAREEh
TEAR A A S, o R Ao Bl e 45 A e U R TSGR A . 25 il A JE R SR BB A 2
RGP BRI o B, B s mT Dodad PN A e e

X X

‘= final — “Minitial (3—6)
X

initial
H, Xppa NP SRR, Xiniia AR SZ T I E

ANA AR B 23 T i) “ -3 A “ e i&an, RS EIRET
IEEAL T IAZ L o TR 2B A N AL B, BERE IR N BRI AL I AR
VPRI S 5 R B2 (B R &R

(¢) L& TR

B BRI DCGRE T W F B A oM, @I 3T ERHIE 25 & A2, $2
BEAUY) TR 2 R R AE o 2B RFAE AU T 5 — B P 5 B e AR AR T 2 A
FRE CEFEMGE . ShAT R R #HATLRE 1T, AR A FERER R A (r) #
TR

X —Z B E AR R FIEKEAT E MBI er & 2=, KRR R I hA e R
VIBEVERERHIE IR &, DUERCEIN AT . #Esh TRGRIE. el 2 4R ERI RS, e
W R 5 RE LA R . JEER . SR, PSR 2 T I B E AR . filhn, mTLLdE
WG R S . AW N DA S A B R (s B2 WIS, SEI 2R
s L R R B AR BN B A . SRERFIETT LU IR & 177 285 & 2 AN ERE IR .
WAFLEERFE AL, for oons frnr BLE N, 0y, .., 0y » WV GEE BRINEFIE 1] R R N

n
I:comprehensive = Ea)i fi (3'7)

Horb, o NEEMRAEIBCE, % R AL E . JE S BB M, AT BLa £k
BAFLAELE S VP BRZ I ) 5 A BN B B — B

RR RSB ST, SRR D2 gE. BRI R,
MR+ Bl B2 2 RERI 2R T - 26— = SIS R LR UM S K T
BRI Z A ERA, 58 T R MBS AR N S5 S RV I B N, s S A s
AL R TR &Ja, B=RREERDELEREE 0, REAY TR
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R RAL, T BIFATIALGE LAl BN BEAR KL o TP o0 JZ BT AN RENS PRAE A
ANTRIRUBEFNZE B SR AU RY) T AL 5015 5, 1 B PRIX L8 15 EAE 5 270 A Hh BE A Rl
FHNH, AR A R R B A SR

3.2.3 T iEFR

TR FTIRAFAE R RBENS B 2. A2sE M WU B 1, A 78 CEASAE BB
BB 28 R8T A P A o) A A — Bt AN SR B U7 T o J5 A SRS R Il DA T FR AR 5 )
o7, RHRHAE B AT BT o

(1D TFEZKHET (VIF)

YRR AE 2 B ILZR VR, BB 8 22 ST R B TH AR E . VIF 8 SN

VIF, = (3-8)

1-R?’

J
Horr, R? 5 j ANRHEXT HARFE BT 1 1R 8 SR8 47 VIF > 1 GRS R BIME 5 510D,

MZRIRER jANRE AT AR A & = FE AR RS, AEAETUR . LA o] 5 B AE A 4445
R R B s AR MR IE 15 .
(2) Pearson fHKCVEFEEL
T PR TIME 5 B Sl 2 [ 2R P AE e, AR (3-9) s :

>(y,~)(5 -7)
V2097 B0 -9)

Pearson HIERECEMN-1, 1], (LAHER | ZoRBUAE 5 KL IR, M
T 5 AR 05

R DA P EVPY, AR S0 5 I 34 2 SSRGS MR, 0 A A
RS T 5L E S A R AR R R — 3 BRRIUR, 1RALAT R
TRV

Pearson = (3-9)

3.3 LR AR A IR

AR B SRR ] AN BRI S B AR b, M2 22 SR IR AL AR B RS, B
WL TR VYR LR RS R ke, 2RI . BFEET 101 NRYIREAR, il
o BB FAL B AN G TR 32, O e SRR SR IBGR it i B R s . AT BT 33 M
RIS, AR 73] R LTS A, s & R S AL
PHEBURFAL, AT RAE T RERE . DN VESH PR IR AR A TRAL B K - RE SR Bn A 2 7V
N J B8 SR B0 RN TU AR BEASL 6 7 B B Jk A«
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3.3.1 HEARTALIE

FEPEHL T REFRAR T, 50T EUG TR AT bRtk A TRAL 3, DASf CR 505 o B
WD TERFH . PALERAEORE KN ST 550 E]. ROL B35 M DL OGS i £12,
BARITR

(1) KENSES=0E

NG SR HT, FIRIECE 2504 % & BUR 4o I BE L, A~ (3-10) s :

Viees = 0.299x k., +0.587 x kg +0.114xk, (3-10)

GITEFET NIRATAL gk, 3 = R BURk s, AROKEEEE . B, RA Otsu
SEINGEAT 2 R B 7 B, SEIUREAR 5T S0 R B Otsu Hkilid i KA a7
7 HBHE BIME, FraliEH T S 5 5WEax b S5, IR FIRCR .

(2) ROI By 5 %0

155 Harris /1 m R 5776058 N TR VERf 2 18O 8 [X 48 (Region of Interest, ROD,
BB MG DL 2B oo st . Harris BVRIE G H 5 A 5l 7 oR E5kar ) 23030 S AIE A1
TENLRG AR T AL Gikh R T

BE S, S &N P EIER S (RAMF) U210 grmg s A0 A& 48 R E I8 S, RAMF
H GRS R E RN, REE IR B SISO AR AR AT, W OR Ja SR A3 E A e 12k

(3) KB i

B0 S, A ZAYAE S it s A R TRk BREE TR AR (10 45° &AM K

FEAFC S I ZI T, R EOC M LA PR AR A8 s = I F ORAIEJE AR AR B AE R % o

3.3.2 R S1E i iE

BT P Ab 35 1) MG AT AT , AT B X0 2 THT  He 48 25 iR s o DU 8 Tk
vt 33 MR TEVR . FRPR RIS SR E T, BUR A LTS T, iR
L AP B R SORRR B A SR A

(1) KHEMERRERMIE

FELAY Ty M v, DR B2 4 O B B 3R THRFAE , ELE 52 M 23 B A B AT AN B AT
1R GE I SO 3 b T 020 AR 3L AR FE R e S 2R SO R R PR 22, Toik F TG N AR I &
MISCERAE R o R, AR SCHR H — P IR 2 = i 2 ) 20 200y L GORH i 2 AL D732
Kl 3-3 fs)e Z7EEE 2 R IR M U], RES B R SR UM & A R E IR I A
FRURFAE, T SRS 4 1 s B 247 26 T PR RELRRE FEE

R I PR N BB X i N2 A7 )Z, RoR8:

X ~ AD,D,---D, (3-11)

Hr, Dy, Dy, ..., DyNZRTI, BRTH DRI F R IRAIFHIE. 55— R 7 i
>3l /MG LT 5K B EIOR 5 2 7 it Dy AR R RS A, -
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minIIX—/\Dlllﬁ A Al StID,, [h<1 (3-12)

JE kR A ) UL E— BB NN, BT I ), AR RRER
it Ar, e G IR ZRHIE

X(56,56) | A(14,28) A A(7.14)

4

Di(56,28) Dx(56,14) D+(56,7) X'(56,56)

3-3 AXHE=EFHIEL

Figure 3-3 Proposed framework for three-level dictionary

FE N IR 5 22 S 2 1T, B Yokt BB O A B, R B8 70 b X IR A L B
Beo R EHR BT AR RS -

X e R’ (3-13)

E EF' s Nsamples ‘7"3 @%ﬁ%ﬁ% °
I R A IR AL LR 5 NMEs:
(a) XL (Contrast, ¥E#R 1):

nsampl

2 Var(A ) (3-14)

i=1
samples

Hor, AL 2% i NGRS R &, Var(Ar) & s gmid )y 2, #ERiia
HHARFIE AR AR
(b) B&& (Energy, &5 2):

Contrast =

samples

Energy = Z AL IR (3-15)

samples

o, Ay TDG —SECT 7, R MR RO % — B b
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RER A 122 i S

(¢) FEME (Correlation, FE#E 3):

- 2 ngoLn)'lponents nt(:oLn)monents
Correlation = oA 3-16
nétl)-r)nponents (nétl;rz'nponents _l) kzzl 'E'l | p(ALk ALI) | ( )

Forb, p(Apo A, )RS & RIS | AR T2 00 R RBAIR R A, FIA,, A LR

BRARHD Ar 5 & RIS 1 BRI, n) en B LR T IR THOR . MeARFR AR

7] J5L 7 [A] R AR AL, e RS04 ) = SR AR )
(d) #J51PE (Homogeneity, 8#r 4):

'samples rlsamples 1
> > (3-17)

. 1"
Homogenelty ==
C ia j=inal+|] AL,i _AL,J' Ik

SEof, AL R AL S R A BRI IS R R, [|Ay — Ay || SN0 1 B

B, IR SR — Bt . C AR EE, RoRBGEECN S SRR
VIR 25
(e) FHHEZ (Roughness, fHFR 5):

nsamples nsamples

Roughness = Zl A=Ak (3-18)

FoREGIZ M E R, BHEESERER .

3-4 RN B S B AN RO pR A B I EE S, A A RO R
HEFHER T REMILME (F 3-1), Tanh MEATENEE SN iR,
1M Tanh 2 EMHIK (3.015) 5 Tanh 1 MHZEN 0.648. HF— 58 RS FE AT A4k 7
#r (B 3-5), WIHL Tanh 2 2 7B e, e B MRS B GORRE S . Ak, %
SRR, EERUGEMAES T, &SI 0ZE RS2 T4 LI, 1M Tanh BU&
BRBEAR R ZE R R R M E MRS, A B T4 m B8 (2 AL RE 71 F B M o
PR, 3% Tanh BOF BREON 2 25 MUE A SCIR BEF2 0.

Original Identity Identity Iﬂentity Tanh Tanh Tanh ELU iiLU ELU ElliotSig ElliotSig  ElliotSig
1-Layer 2-Layer 3-Layer 1-Layer 2-Layer 3-Layer 1-Layer 2-Layer 3-Layer 1-Layer 2-Layer 3-Layer

E 3-4 FEIFHREHR/HFRBELESER
Figure 3-4 Results of image reconstruction with different dictionary layers/activation functions
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* 3-1 EWPKERE

Table 3-1 Reconstruction of loss results.

Activation Function-Layers Reconstruction Loss
Identify-1 1.122
Identify-2 5.763
Identify-3 30.786

Tanh-1 2.367
Tanh-2 3.015
Tanh-3 10.452
ELU-1 2.557
ELU-2 8.621
ELU-3 18.249
ElliotSig-1 1.512
ElliotSig-2 6.841
ElliotSig-3 12.118

(a) (b) (e)

3-5 Tanh FEIFHEHAAEHETRUER: () | BEFH; (b) 2 EFH; (o) 3 EFH
Figure 3-5 Tanh visualization results for different dictionary: (a) 1-layer; (b) 2-layer; (c) 3-layer

(2) E4itreRiists
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HERICR G ERPOL (F 3-6 ().

Hough A2 #2755 2407 (Al S dar il B2k A1 B, HL B A Oy

L =XC0SO+ysind (3-19)
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Horb, 0 v EHRRE A 2N, RGEATSEIL 0.1° MENSEE, shaS M RN

2K 3-6 (d) Fiw.

] Frame 1 Frame 2 Frame 3
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. : . - .

Frame 7 Frame 8 Frame 9
/ 44.0° / 72.0° 89.5°
Frame 1 Frame 2 Frame 3 Frame 1 Frame 2 Frame 3
139.9° 141.9° 150.9°
Frame 4 Frame 5 Frame 6 Frame 4 Frame 5 Frame 6
159.9° 162.5° 179.0°
Frame 7 Frame 8 Frame 9 Frame 7 Frame 8 Frame 9

(e) (d)

3-6 EAENTRE: () EERREENROIER; (b) XEMZEMWLIE; (c) XFEMLH
HAIE; (1) EEARBNE
Figure 3-6 Response angle quantization process: (a) response angle schematic and ROI selection; (b)

keyframe binarization process; (c) keyframe thin process; (d) automatic response angle measurement

B30, 2 el B A I AT R (B 3-7), (8l 5 A mh 2R AT 4R I B S L 2R
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Figure 3-7 Response angle timing curve
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3-8 SUREMEZHE
Figure 3-8 Sharp elastic deformation fitting
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&, BRI
A) =K -t +¢ (3-21)

Hodp, K NS RERIBREE (F8H5 7), RALEALI (8] N SRV AE RE R TR 2R 2, S5 A1)
PR IEAH O ARG TEBE JI RN FE B (FB R 8), SBLAF KL 38 EE S 3 R EFEHIUHE K,
{EB /N R TR T R 2 ¢ NBRRBIURILE (85 9), KWL 2E G AR
WME IR ABIAE . B 3-9 REEARRIHLA 2k -

A =34.664t°% 1 3.4578 (3-22)

N //'/‘/’—"
27 # A=34.664t""* + 3.4578
§30- I
&SJ 20 1

[

104 ®
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Recovery time

3-9 ZIMHLIUE

Figure 3-9 Slow elastic deformation fitting
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F PR AR . BRI, [R5 A A AT AE R BE Y ) 3G A 4 s I RRIE T TR
AELVYIAE DR (B S A AT R P o BT A iR i 2, PRE R SRER (91 52 A Pl DGR
A ) AR I T A, AR E RT-E R R R, P AR
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[l+ (E)Z]S/Z
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ARG RIS A Car, F8FR 11D BURE B SR 52 18] 56 5L B2 A 2 528 Ti=5.5s
a1=45.5° .

B 0.0336“:'0'8145
(1 +0.0266t71.93)3/2

curvature

3-10 EEREZUE
Figure 3-10 Curvature of the fitted curve
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K HERRTTL) 83%). ar RAEEFRA R E M, 220 S a s B-F 2215 2 f
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(d) [HIEZ (Recovery Rate (RR), Fa#n 14)

RAEFEAERE € I 20 0 [0 58 R, 8 ORI 2 I B A 5P 2 R 2 M tee, H
AT ST 2 0] 2 3R

RR(t) = alt) x100% (3-25)
2

Hrb, o e W ZIBIE A (0<e<T2). LAIFENH], =29 PPIF RIS M 55.7° , To=120 1
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3-11 AMZETREE

Figure 3-11 Compression Schematic

WZRY)Z R H:

H - 2hIoaLd (3-26)
E4i% (C, 8ks 15):
H
C=1- -
2hfree (3 27)
L] R g, AR R EMA R (2 RS R R,
FTWEFE (y, $8F5 16):
y= w x107°(g/cm®) (3-28)
free
He, wRBAEFFRE (gem®), v {EM/NRRSVIRER .
M (F, f8br 17):
hfree -3 3
F= W x10™(cm® /) (3-29)

BRI H oA EIE, AE KRN S ERSE AR BLAS P AR B -

BB @ T EG T R RS B SR, BRI R, G
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BT

T G Bl R 4R R A AL P AR A 3-12 Fion . Bl(a) B2 I EEA ROL; B
(b) 7 AR TAL 3 5 () —AE A G B (o) S Bty A8 A0 MG K Pl BB R O B
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(b)
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B 3-12 EZRRLIBITIE: (a) E4EROL; (b) —ENULELER; (o) ZAXEBIGESE;
(D) BESEHE
Figure 3-12 Compression rate processing: (a) compression ROI; (b) binarization result; (¢) blank area

pixel height; (d) pixel height calculation

(3) BhtERE R IRbR
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VG 5 B N T AR PPN S R FIPE AN M . BE4b, Peirce 15 VKR HIF IR 2475
H & #H NS s

2
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057 B Y (3-30)
SRR SR A2 2
B coséd/2
= 3-31
wl®*  8tané (3-31)
B — TR AT 212 R
B =wl®cos(@/2)/8tan @ (3-32)
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Figure 3-13 Textile cantilever beam model

i R R RS i Rer S AR A B 3-14 Fom. B (a) ASCHEEWIREL, WI4a
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15 05D, B sert BHEIEAT e m. B (b) Bon ZEAER, B (o Bad{EnE
BoRrmEG, B (D BoRdieas R,

3-14 LS HIER AL IRE 2 : (a) 45° KEEMEEL (b) BRZEWL; (o) FEERE
E; () BG4k
Figure 3-14 Fabric bending image processing process: (a) 45° key frame interception; (b) image
binarization; (c) median filter denoising; (d) image refinement
B2, WD TIRERSINE L, W 3-15 Pros.
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Figure 3-15 Bending curve fitting
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B 2R K AR S UG P AR R K . AR &, B 5 i S2br R ~F 5 EHG
F R EE A5 1:80.
MIZE K (L, F8hr 18) MIHEAA:

PN 14—(dyj2dx (3-33)

Hrr, xo BRI R BIKFEE S
RGBT, MBS b R AEN 4150, SWISiiKiE ST HEK
FE 10— 0 B8 o (1) D 7z £ P50 459, RIS MRS L (Fabs 19) i Ban
I =0.487I (3-34)

T 2Rk I S R AT e, FL S N Bl o B R 2. 2300 o - it el 2
SeARR M2, T8 5 NI B GG B T N B e Rk . Ak, SR B 1)
R AE R K. Rk, DA ORI S AN 7 72 o — A B — BB R R R 2 125 i 1)
. R4 A (3-34), TLLHESHNIEE B (3845 20):

B=mxl*x10" (3-35)
Hrr, B A HNRIEE (N scm); m FZRIRFEI A A EE (g/m?); C RARE KA.

LI REE AN 3-16 s, HHOHE SR R AR, BT 6cm/fE 10em K REFETE
& JB SCHEAR ST A A AL R o K 23D o H AR B T SO HE 45, AR AR 50cm f
[l 5 AHALEE B4R (5373 3000 X 4000 4.3 EEZ USB 144 J5 #8379 800X 800 1%
2, IR B . R e B T AEARAL R (B 3-17), DAY BR M P 058 iR A R AL

. o Camera
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——5 7777777777777777 Sample
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3-16 FERFRER

Figure 3-16 Diagram of pendant sampling experimental setup
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3-17 BEEBRLEIIE: () BEER O)RELLE (o EERRERJ BR_EKL
Figure 3-17 Draped image processing process: (a) Draped image (b) Grayscaling process (c) Median filter

denoising (d) Image binarization

e AEFC R RAFLTE AR B IIRE T IAGIEA (B 3-17 (), HJUARHE Can
BRI A R R R E TR RE R SRR AHFACRA Canny 145
SRR R 2. 1 Se i S s i A G R, PRI Sobel SISO BB FE IR
H5T7A, SSEAENR BT A% R PR R, BEEEXRME (50/150) %
A% S amilgk, HRFEE N ES M S 5E M. HET Sobel. Roberts L4 H T,
Canny SFVETEPTMENE (SNR=28.6 dB) 5145 e ik 5 (Wi RAL 1.3%) 7 RIS,
JeHE A TR LLEE I (22D (5556 B Al .

3-18 AEHDSHMEELER: (a) Sobel; (b) Roberts; (c) Canny; (d) LoG
Figure 3-18 Edge detection result: (a) Sobel; (b) Roberts; (c¢) Canny; (d) LoG

N BRAHPLBUR- S BB AL, BT S2I0 A B b E SCE R 2 MRS (AR
6cm) FESTARZ-PHL RSN 50 &, T @ AR b R e 4 oy IERL A, R A
RIS . BT AL AR A BE A fEER AR AL SRR B AL (K 3-19), R T
JURIR R BEAT RATRE . WA AR CERPVESAMED, HER d 53
T EART L -
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P ik 1-— (3-36)
d AB H H
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_ 92_ H _ 92 _12_ ’ _12 _
Area_ﬂ(z) =7 > _n(z) @ H) = Area’(l H) (3-38)
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G AEEE (ABRR=1, BIEER=0) it BGRE 4R ERE sl

SEPR AR, BIEREF (FEhR 21) € UH:
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in vi S Y
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& 3-19 EEXHERTREE

Figure 3-19 Vertical sampling distortion schematic
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3-20 EEINLGLRENIE

Figure 3-20 Drape edge line acquisition processing

N (3-40)
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sl 0 sl Q 5 R LR R X BlE T R A E, YuR[0,2n]. KT A% 0 THT
HPG, 2 O-ri tHZE (B 3-21), BIEPIEEH Hh 280 SHE 2 .

Angle-extension radius Partial enlargement

!-'in

B 3-21 BERBEEREREEIBA

Figure 3-21 Drape contour line conversion results and local zoom in
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Smoothing angle-extension radius Partial enlargement

—— original
—— Smoothed

180

_in
5

B 3-22 BELEMLTFLIELER

Figure 3-22 Drape contour line smoothing results
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i N/E/NENE (MaxPA/MinPA, 88 25/26): B I U6 s A DG 1) i R {E 5 8 /)
1B, F Wk R B 06 vy 2 AR AN i 22

W 2 (Crest Angle, CA, Fatn 27): FHAPIE UG SRR M 22, IR P0G [ BE
) [70) 3 AT
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1B, J Rk B0 [A] PR 1) 35 S
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1 |Scam-cay

CAU = ax = 1 x100% (3-42)
n —_

1 foPAa)Eﬁbz

(4) frfifkREE I TE s

3-23 JRoRGAERL I RE T I =B BOEAZ: (a) WIIRARZIPIRES, (b) 52 10 cN
FLJIERL, (c) 320 eN $JEH]. @ M SO AL, SEEL L L&
WIBARFAL, #8 BREGH) J LA T AR 385 30 G ke - 55 AL bR RS B R SE B ) 5 28 (L) o
RiAR ), Fe&SCBLAMR PR RE M 2 4EE BAL . R ARG AT, b2 K
BHRMMAL R IAEL (B 3-24), FIANRLTFIRREEA PR PERE .

(a)

(c)

3-23 FREREGFITALIE: (a) BIRZE; (b) 10 cN HIMEM: (c) 20 N R HER
Figure 3-23 Stretch deformation images and pre-processing: (a) natural overhang; (b) 10 cN tensile

force applied; (c) 20 cN tensile force applied
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Figure 3-24 Schematic diagram of stretching deformation

R4 % (Area Change Ratio, #8453 32):
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RS R EE RS R, AT R “ A TFIEGTN 524t (Fabric Hand
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Figure 3-25 Software interface for integration of the proposed algorithm

3.4 $HERIFESIEIE

341 WRES

RTRR TR 33 A AL B bR < AL A R RIS, B TUR(E B4
ARG A T S, A ST Z KR ¥ (VIF) F1 LASSO Rl HF AR EE P A
LTS IR, [FIR 25 & 23 LB TURASFAEHEAT & PR R: . SEI B FE T 30
MM R e B EE 5, IR fEbnI 40T Z-score FrifEfALEE, DLTHBR BN ZE 7 .

(1) ZEF VIF P ERBHERE

e, K33 WARbR AR TR M R, TFESAEER VIF B (R 3-2). 7EY]

BotreR, o ERREECE A i SN O R SIS . Bl

60

HERM  https://www.cnki.net



AR

ERR

(DATS'S

%* 3-2VIF TRENH
Table 3-2 VIF redundancy analysis.

s FHEA TR VIF  SCEzhfE I ORER AR

1 X EE B 2.1 {RER RIALIZF/IBXTLLE, JR7 458
2 fEE 35 REB WALIR TN, SHEEEH
3 EPS L 6.8 RER 53ttt EHFERSHEX M
4 B 5.2 Gk 588858

5 FERE 1.9 REB £ RET M R
6 46 e R R 38 REB FARSERFFE, 1RT&
7 EMBERERGEE 79 1RER 7S E BT TSRS R
8  HMFENKEIER 72 SBx 517 R, REBHEMHEERRE
9 BRBUERE 43 RER LM ERIF R
10 Ifg 57 [51 5 A 8] 3.9 RER SEMERKESE
11 55 EE A 3.2 RER LS RIE SRR
12 4% 61 5 A je] 1.7 {RER ZSERN BRI T FEFR
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17 EWNE 18.2 V7S SEBESEEX
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21 BERE 75 RER WREERERER

22 EIER 5.7 RER REREEIERERR
23 =41 6.9 SBx EHIERRERE
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25 RAIENE 125 55 EF HEERE
26 R/NEE 7.1 ClES BRNERES
27 R = 6.4 ElES 5kIEAHIMTR
28 RAKIE 6.3 S BR EREES

29 RN 5.2 ElES WEREREE
30 I tEy =) M 4.9 REB TSz RAFIETRD TR
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3-26 LASSO ElHFEFFiLLER: (a) LASSO BBZE; (b) $HENER
Figure 3-26 LASSO regression feature screening results: (a) LASSO path map; (b) feature weight map
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(3) RARE N 22 MEFE
G546 VIF (TR 478058 BB 264 Ok B HA W B AR 1 Hh = L e MEFR B D 5 LASSO
(2=0.01 B AEZALE ) ME L, RARE LT 22 Wifghs (£ 3-3), BB ERDA
[ 1 RE4E RS b e A4 T

® 33 IREFHER YRR

Table 3-3 Preservation of characterization and physical interpretation.

W5 RHEZHR TR B YR B Y ER R

1 Xt £k B BEBISLL B, JRT T

2 BEE 5xftbERH, SEESHHE

3 ek BE53LERERX, ERHEMIMIRFEER

5 FEREFE ZRERTLMREAANE, NESE

6 HIANE R 1R R RGN ERRERL, KT RIETR

7 SRR RRGR RSB S LR FEMEER, LASSO FE/RE
9 HARBHERE WRIEL M ERBERRTE

10 I 57151 &2 A e REMBRXBSE

11 Im5REIE RIS R EFEHR

12 2% 61 2 B8] SRS R R FE AR

13 FEER MERY S I RERE M

14 B =P BRI EE

16 RUEE EALOEGETER, TN RRILR

19 THKE S5 EHERERX, BehEKEEEEENNMIERN
20 SHhIE HERBRAMINEES, MIERXBH

21 BERYK WEERLYBRERS, SEEBHRRTERERSMN
22 RER RERWEREIEIR, LASSO ANERZE

25 RAER (55F) S5&/NEREFARIERERE, REBEEIRBES
30 I TR 5] Th 7 RAFUETED F 295 1

31 RIERHSM REAESH—RMER, WRIERERER

32 EREUE F AN FHER R ER BN AR RO TRESE
33 RIS EATNRIEZOSE, YRR X A

AR B 22 TR BRI

ALY OE TIND RN N S & YN E DA LIRS 2 et

FEFRARAR R 52 2% B2 1) [R] I ORALE XS 2R T T PR L PR 1) 4 T i
(4) FEARPERERIE
FEAE ] 528 33 Tt hr 5 IRARE N 22 His bt % ndkthmH (MLR) FIBEHL

AR (RE) RS, S8R 5E 3-4 Prors.
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* 3-4 HEENEREIIELSR

Table 3-4 Results of model performance validation.

BRURA PR RMSEQGY{E L inHEE) R GHETIREE) VI ZRET [E](s)
MLR 33 2.4140.23 0.82+0.05 0.15
MLR 22 1.95+0.15(]18.7%) 0.9240.03(112.3%) 0.1

RF 33 1.3240.12 0.95+0.02 8.7
RF 22 1.2840.10(]3.0%) 0.96+0.01(11.1%) 5.5

it e Bon, AT MLR #7%, RMSE &2 R (p=0.003, t #&38), R? ZFiE

Ft; 4T RE AR, YIGRIS T 20 37%, HAFEE ZHHEF 5 LASSO AU B3 5%
(r=0.81, p<0.001).

i VIF 5 LASSO WXUE ik, ABFFURAHE 22 TLTTR . SRt
Mot EAFRR « X BRI AL PR A SRR CRAEER D2 33%) [ [RNIN, i ERx 24
VTR BN ) AT 55 . A S RS RLE ORFFE S TUIWAS B2 (AnR*>0.92) T2
N, EEERITEACE.

3.4.2 —BU4ELEIE

ik IGUE IS VIF-LASSO ffiifk th ity 22 MIETUAR . SR e AL o AL 1e AR
a BRI S, A/NTER I H1S KES Y3 EX0R A5 — & PR E IR E
PARGHEAT R LG b, Rr e =3 2 A) i — 30k

(1) 5 KES #8451 — S50

AT RGN E 101 MEA KES [ 16 BB Fa bR, G310 P RE (B R E(MIUD.,
FEBT R ZE (MMD). RIEFREE (SMD)). JE4atERE (R4e£MEE (LC). L5
2 (WO, EFERIER (RC). YHREE (TO). EHERE (Tm)). SThtEae (NI
EE (B). T g (2HB)). BIYIM:RE (BIPINIEE (G). 0.5°BiY 5 (2HG). 5°841)]
WiJE (QHGS)) ARk fE (BMLRsmE (LT, ffifeE (WT). fiffi[alE % (RT)).
WL Pearson AHICREL, AL RAEALE SLBR R A o B AR ERD 78 40 BRI B 42 (IR 040

(a) AHICHEVPAN 72

X101 NIREA, - nlit5 22 M TERR S 16 A~ KES #8451 Pearson AHK #
(o), B R EERL (p<0.05 F1E N EFEAI) B AHI M TSN . AR
F LA AR dER 43

® [r>0.8: FEEFHK

® 0.6<r<<0.8: EAH®

® 0.4<|r|<<0.6: HEEMIK

® 0.2<<<04: FMx

® [1<0.2: MRIFELICH K
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(b) KiflPERESR ARG
R 3-5 R 4 DRMPEREVL VSRS 5 KES SR HAH ST b AR R 2L

*® 3-5 REMREMKIERRS KES $RirfAX %

Table 3-5 Correlation of visual indicators of surface properties with KES indicators.

MBI MIU MMD SMD
X e B -0.76 0.58 0.72
e 0.69 -0.49 -0.67
FHCE 0.25 -0.22 -0.28
FH R 2 0.82 -0.66 -0.78

EIREH, MRS MIU 24558 1EA9C(r=0.82), 1 BAAW ¢ B B P kRS B2 B8 A 23U
M £ 2 T 1) B AR 12k 5 0 BE B 5 MITU 22 9 B A 5% (1=-0..76),, 55 SMID 2 3 IEAH 5%(1=0.72),
RIS L B AR AT S M ZAW) R I A M BEARR % . AHORME S KES SR THN4E F5 AH R M L 59
(<0.3), iHHIX—Fabrrl e e KES A fell & 1 SCHE 7 1) AL .

FIREERF, WA RITEE S KES VB & BA w8, R
At 2 A8 S PEFR bR v DUA 08 AL S ) R A BRI &

(¢) R4tk REFaArtE Ik
® 3-6 BN 9 MRtk e LT AR 5 KES IRARAHOCHR b 00AH ¢ R 4L

® 3-6 [EFEMEREMLIIEITS KES $afrtE X1t

Table 3-6 Correlation of visual indicators of compression properties with KES indicators.

M B FEbR LC wC RC TO Tm
46 ) 83 0.32 0.46 0.68 0.54 0.49
SN S BE R IR 0.28 0.39 0.58 0.61 0.58

BRIV T B -0.42 -0.37 -0.73 -0.29 -0.32
I 7 [] 2 I [ 0.22 0.27 0.35 0.48 0.45

I 7 [ 52 A4 -0.25 -0.45 -0.54 -0.61 -0.57
-2z [a] S I ) 0.32 0.29 0.45 0.37 0.35
IR A -0.18 -0.22 -0.33 -0.26 -0.24

o] 42 22 0.48 0.39 0.79 0.34 0.36
T 0.59 0.66 0.48 0.76 0.81

ZERRN], RAHEE Tm R50AHIC, RUIILGE G516 b G HE 0 SR 2P (17 5 AR
s RIE 5 RC BB (r=0.79), FERE T HU 3 B Il SRR J7 ik SR M
AIEE RC 2K (=-0.73), KBMEEDE LR IERR; mAHEMS T0 £
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BENMR(=-0.61), FKHFWIZEEXTEIG A LA R, XL 0ER, JET000
SN R AR PERE TR AR RE A AU AT KES M E R EAReE, Rl WA, 8l 5 5k
SYAVEAS T B AR R AT/E N RCy TO A1 Tm () RUFBACTEAR
(d) IR FEbrAE M
R 3-7 R T A M REM W Fa bR 5 KES 25 il & B VAR S8 AR A 5% R 5

#*® 3-7 SHAMEREMLIIERRS KES $RirfAX 14

Table 3-7 Correlation of visual indicators of bending properties with KES indicators.

MBS B 2HB G 2HG 2HG5
RN 0.78 0.69 0.57 0.49 0.52
o5 it 91 0.87 0.76 0.63 0.56 0.58
=IE R -0.76 -0.71 -0.59 -0.51 -0.54
BIVAL -0.38 -0.42 -0.29 -0.23 -0.26
=N -0.69 -0.65 -0.56 -0.48 -0.50
g 32 5 -0.53 -0.49 -0.41 -0.36 -0.39
WU F 25 5 -0.31 -0.28 -0.25 -0.21 -0.23

SR, LIS Hh NI 5 KES 25 fh [ (B) 2 AR 38 AH 2 (r=0.87), 525 {17 J5 (2HB)
A R(r=0.76), UE B VE AT AR I B LA iR e Bl K S KES & NI
FE(B)H 2 3 AH K (r=0.78), I ik 2 i A (1A Rt B RS KES & I (B)
FES il 5 (QHB) ) & 5 F1 A0 5%(1=-0.76, 1=-0.71), TR IS5 iR EF 2 e R,
2 il RE A L HE AR S BT UIAH OCHE AR 2 Y SR A G ME (1=0.51-0.63), X 525 i A1 BT 1)
ARTEAEDV NS E ORI — 8 B AOR I 3 511 S5 hn 5 KES FEAsfH 55
(I]<0.42), FHXLEFEAR AT RERHE KBS A 56 4 & 1 B Rk

X eegh BRI, WL AR AR S it Reda AR, FEl e B NI . Bt KSR
R, e B AL S KES Z NG, [FB$2 4t 35 KR BRAEE B

(e) hufiPEReTabnAH
#* 3-8 JEun 2 MARPEREALIE TR AR 5 KES R AH CHE AR R AH ¢ R 4K

* 3-8 PfRMEREILICIEARS KES $RiFfEX 4

Table 3-8 Correlation of visual indicators of stretching properties with KES indicators.

P RPN LT WT RT
HFRAR L% -0.65 0.76 -0.59
SR B LA 0.74 -0.72 0.67

SEREW], HARM R SRR EWT) R IEHK(=0.76), ShifHZit (LT 2
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58 AR D% (r=-0.65), FRBH AR ZREA RUR WL R s P38 #I A& 5 b
LR FE (LT) 2 3 IEAH9S(1=0.74), 5 R EE R (WT) 258 61 AH 5% (1=-0.72), 5 HLH 7] 2 2K (RT)
2 EMK@=0.67), IUEZIEPRED R L R R A .

JEM SRR A IR, HIXHA RIS KES fi{fS4h 500 o Ae 1,
IEBA 5T BG o b B RAR PN ik B R B TS

(D) ZEEFHRAE T

22 ML TEFR S 16 4~ KES $8ARFIAH R REGL R E D MR T, SRR 3-9 s

& 3-9 et S KES feFrtEXMRE S
Table 3-9 Distribution of strength of correlation between visual and KES indicators.

HRER TEERS AR SR YIS EELERS S5/ TR

RIMTAAR(12) 1 6 2 3 0
JEARFEFR(45) 1 6 14 22 2
R PR (35) 1 8 12 14 0
EVALEEEAN () 0 5 1 0 0

Hi1(98) 3 25 29 39 2

BARTF, 98 XHRFRAHIC MR, 3 XM HRFR I H A SRAE DG, AR . R 46
Tl PERE: 25 X HRPRERILH A SC, R A R MERE: 29 XA R I A AR
39 STFEARRILH S90S AN 2 XM PR R I AR SS BCAE G, FEAE R YA PERE

KimMmhihfabr 5 KES ZHIAHM R G, 20l 75.0%H 83.4% KR xS I
SRARSCEUM R AR O, A EMIEARIR ., A 25.7%HFE FRat S IR AR e EUM SR A ¢ JEARTE
P AHSAEARXS UK, HATE 15.6%FIFEARXT 2 I 3R AH OB a8 AH OC o IX R BHAN B 77 V240
ANF RS A RAE B JIAAE 2 R, (Hafk BA RIFH—8.

FT BIRAHIRMES M, FTRAMS H BUT Sk

O A . DR VEAERT  JESE . 25 MRSz (e PO 28 P BE PRAN B3 B H
5 KES RSt FE— U, Rl A2 75 2R AR B2 o 25 i D9 B A0 e 4 1] &2 AR P R E A |
R RHOLH] 0.8 L E, U715 W] LA B AUE S 3 &

QHAME. F M IEls CIEIEE. BIEMAAM) 5 KES fabrtH R UL,
{HIXFHAERRIX LR R IR, A2 U E AT RE 4 KES RSkl & rRet:, Wik
LR PSSR AR, B BAMIME .

OMREE R WA ITVEIEVFN AR F B LB REGAEZE SR, KRRy
PERIVEUTAS FE f i, WG P PR A 058, X 5T B AN [F] P BEAR T 1) sk
FEATFA K

DLRENH . W RIETEANBEIRL 51648 KES RE SN EL R, LhedE
NI B 7S e S S 2 (T DS e e PR e el ) AT SN I = T PSPt/ 2
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REVFUT SRS 15 S .

SRS, AR SRVE D I IE SERL R R AL T IRAE R T P o R A AT 2, 36
UEHATE Y KES 2 48 B T8 B 1 N 7

(2) BB PR — Bk i

ATNEE AR g 75 AR R BE AL AR bR 5 5 E IR IR VR A
SeHAT X AT, AL R AEAE R IR NSRS — B BN e R AR

OVF iR et =R A EP S B

B 3-27 S = ZE IR B RAR RN 70 M R 7 X L P AN S o R AL i Jk s 12k
(Rough) 12N . WFFUARHL, XF b SR PP R 3R IE A R (1=0.919), MIRTES
FRE RSB PR AR 0B IE AR (1=0.898), R WX LU BEAAR Gk, LAYy
Rt . Ba oA SR, FREPRREUR (GEIE 1) BIREAR L BEATAR SR IR, IR
MR ZRER, M PFIR Ry (G 6) BOREAS IR I b B8 (XS EE FEATAR O, Hodle m s 4R,
R IRE I TOx v AE I 52 20 ) Je e S gk

3-27 L. HEXMMREHEEFRZ ERIHEXME

Figure 3-27 Correlation between roughness indicators and sensory Rough rating

@IE4ATE R FR brAH S

Bl 3-28 JE e = 4k R BRI DG % 20 A s (B 52 A7 0 ] 52 26 50F 247 530 P I B s 12k
(Elastic) MIXFR. WKL, [BIE A SHMERE PR R IEMIS (,=0.796), LRI
MR, s T B SR E PR R P A U G (1=-0.652), 1L
B 2%, AR A IR T . BOR R ER, REREVPL (1 & 2) BIREARE
AWK (0°F 140°), FIRERCIIER B VR IREMaME, Mt rg (4 2 6) M
AEE MR ARE (140°% 180°), HEREL (47%Z 52%), RIHILF 5.
WHot g, [ A AN S R B U AW B R R 1, (H T — D R A AR 21
VI 75 LAY S vE R R IR 1
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Pearson's correlation = 0.796

Elastic

50 100 150
Recovery Angle
Pearson's correlation = -0.652

60 70 a0
Recovery Rate

& 3-28 RIER, CIEAHMEREEEFREEXM

Figure 3-28 Correlation between compression rate, fluffiness, and sensory Elastic rating

3-29 J I = 4E Rl B S ME AT R I 4 R AR D) X AN E TR
PE (Full) R FR. BEFORIL, 48R SR E PR ERIEAC (1=0.818), ZEMES
B E TR B 9BIEA SR (1=0.753), KWL RAEN MR, SRMERRIyE
o BEESA RN, EMIPRENL (1 2 2) MFEAE S BABR R4 R AEMR L,
MPFETE (3 2 6) MFEAN 2HUE m KR AE R AER L, HIEE IO s ia A
YA SERUR . WU S, G R ANERR B R S S VP fa bR, TR TT
BV RE A TE,  JCHIE TR AR BRI 43

Pearson's correlation = 0.818
LV Y

Full

Fluffiness

Pearson's correlation = 0.753

8 12 16
Compression Rate

B 3-29 E4aR. RUBEFMRERMFRZERERME

Figure 3-29 Correlation between compression rate, fluffiness, and sensory Full rating
(c) 2Pk REFRARAH S
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Bl 3-30 ik = 4E 0 EIFIAE S 2 A i s 25t 282 0 2 4 B X SR I 1 I
PE (Rigid) Msgm. e, 2l RIS S NI E PP E RO IEAR (1=0.905), &
KT SR PR R RE R IEAOE (1=0.892), it BZS f I FEAD S K FEF R, 41
VIR BN RN AT o BE A S, W PP AR (AR AR I8 o LA /N 2 o 1 D
A RE, 1T WPE VP R RE AR AR s, L PF 2 e B 8l s B oA, 3R I R U aox
e DI 2R A 4 738 A, B ek

Pearson's correlation = 0.905

Rigid

E nding sx fine:
Pearson's correlat\un 0. 852

Rigid

15 20 25
Bending Length

B 3-30 THRE. SHREMRENEFRZENEXME

Figure 3-30 Correlation between bending stiffness, bending length, and sensory Rigid rating

K 3-31 Jiid = 4EHOUR BN SS M 20 BT F s e 2l R A0 U 1 25 S0 1 0k 20) e i K
&M (Draped) HIFM. HFRAFEH, CAU 5EMEBE R EMIEMRL (1=0.849), &
ﬁ%ﬁ%%ﬁ@ﬁﬁ%ﬁﬁzﬁEM%(Fﬂwn,ﬁ%CMJﬁﬂ%ﬁ%ﬁtm,ﬂ
VIR N R B . B RN, REPREMR (1 2 2) MEARER BARK
(1) CAU FIE I RAL, SRR flnd b4 22 i s sk — 5.

Pearson's correlation = 0.849
ot

T e

aped

CAU
Pearson's correlation = 0.841

P4
P

.
b

aped

60 70 %0
Drape Coefficient

B 3-31 CAU. BEARMBEZERITRZEMHEXME
Figure 3-31 Correlation between CAU, draped coefficient, and sensory Draped rating

(d) PLfFPERESRFRAH S
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B 3-32 JEoRh i E S AR R SRR R YE (Stretchy) HIFZMT 2247 o
I = AE R B R SRR A, WETUREL: HARAR AL R S R AR PR 2 R IR A R
(r=0.865), RN, LIWIHPIRFI A LR, B & 5 h s s Pr
EIPAR (r=-0.83), VLTI EBIK, SUWIRIRREGEGE . BhAt, s S
RIEE VP AOAR SRR R BBE, R S (o 1 /N AR A BV AT 2 2 S i R

3-32 hiffiRE . ERTUERMBRERMFRBAIHEXME
Figure 3-32 Correlation between Stretch Modulus, Area Change Ratio, and sensory Stretchy rating

ST ANAM TR AR KES f8br. BCEPE BT LE AT, S FSIE L R AL AL
GUFIEOP T B RE s R SR R RGO AL DR AE R e 1R LR A HE

3.5 RE/ME

A ERHE TR T, S0 TR IGUERI R . R4 2 R A DO ST AT
e, MEIFAL — BRI RAL MR T RO Tabr A R, NS TR E ez
WA BUE S . 2T 101 DNERYIREAR R EGAI SR, Wldaseit 33 ML,
i VIF A1 Lasso [RIJH ik ) 22 ASR8ESR bR, HFIniEH -5 E VFIr & KES #)EE &1
—HE. U RAERZLEE:

(1) AR RETRETE, FIAERE. B4, 25 fAh U rtee, wE—&
B 33 MLSEENIRAR IR &R, 7 55 N RS S AR I 2 AR o R IR
JE oy i ST SRR T R BE RS AE, 2 R 0 B AN LA s A B A T 4 [ 52 B IR 4
L AR AR B MR A R AL Hh VR RS, 25 S i AR R B SR AR AR A A AN
R XL R bR S BN LB E R, IR 2 R IRRALBE ST, NI T2
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FAPE SR A H 0 A

(2) RFRFHEAR RIE SRR TUR Y, AFRH VIF Al LASSO [B] A X E i
%, ¥ 33 ANMEMRER AR 22 4, BRI 33% MR R A B o S X i iR AR R M FR b gk AT
—FMEIAE, 4R R H SIRE M KES WFIE KA e B . Biltn, xS
“Rogh” $¥43 ] Pearson A< RECN r=0.919 (p<0.001), = HiNIE S5 KES $d f+H >
REN r=0.82 (MAPE=1.7%). =4EHUn Bl — DR S B 4 P ReRFAE 1 E — B,
B UF 7 S

(3) Fiife J5 (1) 22 ANRFAEAR R AECRRETOIN A 77 0 [EII, 2 2 JR FHE AL 2028, MLR #%
R R A 0.89 $2 7+ 2 0.93, BEMLARMALZYYIZRET [B18/D 37%. IXLRHIE N G B2 1S
iy G Y T A< TN

ox LR, Az 2 REMSCRHE 3RS 0k, REUEIE T rH RN 2R
VIFBIEM IEAERT . JR46. 2 AR v ge A otk S el fEdE . ik i 22 A4
Tabr SECE R KES 30 = 5 — 80 A8 m B ge (L F e 2. ik B
BT (41 VIF-LASSO i) Figh F b 1) ks B2 L 7] B8 58 f5 25 v 21 o vPA 1 12 SRR,
BT X R Z AR SR, PSR e E .
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%4 B SHEHALNTRIFNEROGIH SHIE

LW TR TR 2 97 S TAR QU A% OB, A% G 7 V2N L 5 i P 38 0 X 1
Feo MECLHE S I TME XS Rk, B PR BT oK o I 5 I M R AR F) S IR 56
ik (B8 FIRHIE TR RME =5, BiARME. K48, 2 ihAnhod e nr L
S B ANIE AT ROGRAE,  JF et 22 DB FE bR . SR, BRSNS EdE (A
FS BB BB S0 A LA Tl 3 TR A R a0t Al s Ak R BB R 5 JRUR I
B AR SRR . SN R 4R 208 2 PPN 1 o 2 5m PR, AN FE 4R HY — A
ZRGSRG B, K = s A R ie b CBUE SR 5 2R G ARLE E AH 45
G, BB NZRTE BN 73 A IRHR AT

AFIET 101 NWIFEAR, 5 rH H 58 1E TAIL( Textile Attribute Integration and Learning)
B, & A2 78 0 A EUE s B e ) R EUE 1 #8401 AU I 3h &1 B
SEHLTF R RE M 2SR . SLIG 45 B PR AR B 55 (TP T . 7328
5% X738 MR HAT 5 (k& RO RS VTGS, T 5 S BAS L AER TR L,
WAEZ BRI . AT ANESI W) T BOr O - Re bt As, e hg543 T
MV FR o A AT BT R S = R FE R B SRR

4135|5

LUFBAE NGRS R VPN OGRS, R G R TRRE . IRZE st . 2 ih )
PR A SR P S 2 AL B 1, ELHERZ A 2 0 S SR P i T e 4 ) AR R VPN
J5i, N T EMPES B Kawabata YA 240 (KES), B RESRAIL— G F2 R I BB B 3
Ko, (R A — B 2 B A AR R B R B PR A AR IAR TR R . 28—
Tl I SRI IO UE AL R AR SR T IRAE A AR AP R R VR TR R T AT, SR = —
AR 22 MR RMA R, SECE A KES I8 R — 8. SR, XL R R
FERFAESE BRI ISR B, AR B8 SCILM R A6 A0 0 H50 4 31 T IR PF A 00 o 1 g B Sf o B — S
Chn EHEEARAID 1R BRI LE T H oA A T R AL TR 2 26 v, Bl s BUE s = 207
TG IR, T A ATECH M DA B 42 fe e 5 TR KRS P82 PR A i AR 4L

ZHEAMA RS S R (Bl BB 8D MEAMEE, Ak
IR 0] R AT AT B AT . AR TSN T, BUE B e Fabs Can RS B “ R &)
Refg EALRE TERE, B EEER At = o HER SR B A0S, IR 3h AT AL
FIZ R . DA AL 2 AR Rl & U3t e, G0 Lu S50 i BUE AN SOARRG 2
FHOME KGR, (REEN R F IR RSB . Hhah, TREES SR B AE BT
Z RO € (41 CNN 7E BEME  28 I HERG 2L 95%133D), H 6 22 AR AU 1 BB
ARG AL T RFAEAE B AT S Z AR M BR RT3 . AT BEP N K Rl (R
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%4 B ZEESMEIMT RGN AR S IRE

PR TR 2K (BRI R) Mk (&) SRS FR, A
PR X LA RIS i A2 X 28 H A o

AR E AL H A Bt —Fh 2 ARG o 20 TGP R (TAIL), ¥ =%
(¥ 22 MR SE IR br 5 JEUR BB AR 4G 1SS TR BE N A T &= AL
TAIL SRR FAE S IR 2B E R, RS I ZRsRg e e, 72k
AR A S5 I RE o BETCHE T 101 DNRMIFEA, [ PA T SCB il 2R Al & 4
BCEARSATAE TP R S R BB S 7 Frie i AE 15 R s A2 81 L 2 SRR
AL S5 ARG FLEOR? B LA I SR THRFIERIA RE ) 7 SRR 8 1 € e ds (4 MSE.
Fl-score. HRSKAEMGA) IRIEMAA RN, JFEN 5 PSSR R b, RN P
JTE DU o

AE R TR AR BUAE BRSSP 2 1 - AE B 1R B, 8 5] N BARAS ARG B0,
AT NG TP A S 2 i AR PR L EOR SR, IRZRAUE L BRI ) iy [F) R
FIMLAL, NS S 2 G AN SR a . fESKEk b, TAIL HEZEREDS MR 4a 4
B TR SEGIA BUE, AGIS TLR BTRE]  IREPEAN R R e AR 4R
s TR BTG5, MR AR SURAVE AN 2248 55 RE 77 22 52 THR A RCR AN
I, AT R EE RN B 7. BEAN, PriRE & SRS AR S ISR HR A —E
WHIE, ArHET R AR B ASARSS . AEBORBA WA 4-1 Pror.

‘ HREW ’
MESESHMANREIRFRITAEE, BREESESEE SR FERIER
v
[ TAILESE (Textile Attribute Integration and Learning) }
[ I 1
ZiEEIFIEREE ZIESHE {ES5Tmin
mem&mmﬁﬁnﬁl ‘ BERtEESHERHE ‘ ‘ SEEZISERAMNIL
e | ~
BSHmEER SRS BESFINER

AR (N): SERERE ] TSRS (N+, N+V, [+V) EEESS: FRITES T

RS () BROERE | SHESEA (NHV) PHATS: RIS %

TCN: ESRGHR + BEREH + i
8 FHTHHE. REREEE

YERDHH: SES R
S A AERT S : BNRSEETHRE

[
[ SCORINE: 101FMRMIEES * SFHRES  3FMESS ]

(C_TAILSE: SHEBMAMAE37.3%, REGEREX23% )

ERETRRE: IUESIRE
BB I RS

[ [ I | ]
[ [ I | ]
| mmen o meERs | | mems emssee) | | smes mesmees |
| | 1| |

Bl 4-1 RERARELE
Figure 4-1 Technology roadmap for chapter 4
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4.2 TAIL #EZ2 Y EE (R it

i 42 Prox, TAIL 5 =AEZALEH B, B2 EEREFR (Multichannel
feature extraction) ZMHAKFHERALS (Multimodal feature fusion) F4FEAT 55T ( Task-
specific prediction). £ BIERHESREN B, 20 H =/ MRHEg S a8 N B s . B
BRI N P U S BARFE . AE 2 BARHEREE B B, I Bd = I HL A gk S b &
W PRE = AAFE GG A A FRE, DL S 43R0 i a , FERFE AR 55 Tl B,
A5 FH B 1 VT B0 TN J22 4 R A5 1) e 25 3 s Bl S 380 i ) 5 51 o LB HE 500 S BB SRR AR
FEHL. IR, ZESREE . RN R ZEZ NN EZ DT A5 A A
FEAE 2 R ST 20, R R L S TR SR B

£ Regression layer
% \ | Multimodal feature fusion module I
2 v 5 A
ﬁ' I ? \ | Temporal convolutional networkl | Composite fusion |
— ) 4
> . @ Hand score
8
g -

Numerical encoder .

O Classification layer
3
]
o3 () l Fc1 |
—
g oA e
=
% . l FC2
Image encoder Decision-making layer
. 1 Soft attention
< N . :%ﬂ Acceptance
o ) 1 g
m i
o M / . l ™ § {
- 2
g i O
E Representation
=
m S
Video encoder
I1 Multichannel feature extraction I Multimodal feature fusion \Il Task-specific prediction \I
N Feature encoding backbone T Task-specific prediction layers 1

4-2 TAIL #RBVEZRIGZ
Figure 4-2 Constructing the computation framework of TAIL
4.2.1 BARZSHFEFRERAD

TAIL HEZEFR EALHR HBUE (Numerical, N). K% (Image, D A (Video,
V) =M EREAS R, X SR R R R S R 4R AR, BRI TR 2R3 E
B AILES . R, TAIL 75ZAEH A AT RIS, RIRAS RIEES 1Y R AR R Ak
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PR BIG — B = 4R R ), DAPRIEALAS (B 45 8 — Bk

B NEEE 73 0 BB R IE fy € RN ERRHIEf; € RUHIRIAURHEf, € R,
Horb n BB e KK E o NG — A ARSI P, T B A, 6 H % )
ERMTHA X TR, B BT R, BUE A BRI 2K R 5
ARFAEXT 55 . FEARTE R, B E n=30. dy, d;» dy /iR SESRRFEYERE

WE 42 Frox, FAERIE S N =B B ZEEREFE I (Multichannel Feature
Extraction) F/E 4 % & T (Feature Encoding Backbone ) FI{T- 255 5 7ilill /2 ( Task-specific
Prediction Layers). HARIIHRFIE T gm i A ER S I FE W T Bk

(1) HUEFFAE TS AL

BUESFE fy B 45 3% 22 (Fully Connected Layer, FC) HEATTIZmAY, LG 2] H
WYERE Do TGmADIS RN

F, = ReLU(f W, +b,),W, e R™® b, e R® (4-1)

Her, fy € RN 25 NTIEUERFE, Wy by 73 52 AU H R A fm & 17 &, RELU O
ST R AL
(2) BRI T4 5
PG RRAE £ i B AR 22 I 25741 (Convolutional Neural Network, CNN) HEAT Fiiw
i, DA SR EUER B TR . igm i A a0 T
F, =ReLU(CNN(f )W, +b,), W, eR*® b cRP (4-2)

Hrb, f; € R™U N FIEUSEFE, CNN (f;) FRoni@id CNN ACHE S RAE, 2
FERR™*denn . Hort deyy s CNN B Jo— 2 i HIETE . Wi A0 by 53 ) 2 AN R o g A
BRE, k&, F e RYPRETNG G 1 EUSRHIE
(3) FRIRRFAE T
AATRRAE 38 oL ) e 5 A X 28511351 ( Temporal Convolutional Network, TCN) HE4T iR
B, DA SRR A IS TR AROR G 2R, P gm b i R 40 T
F, =ReLU(TCN(f, W, +h,), W, e R"® b eR" (4-3)

H, fi, € RN FIMAERE, TCN (i) Fonilfiid TCN Ab3 G HUHFE, 4 H 4k
FE R 4ren . Hrh dren 72 TCN $i i — 2 R H@EE 2. Wy by 53 7] 72 B 55 FE A
B, &4, F, € RVPEFGmL G AL .

(4) FFHEXS 5%

T JE KR EFy  Frv Fy A AR 4ERER™ P o SR, A0 T A RIS B
AT EhAS 22 5 (N, HOERHE T B8 B EE, ARHIE A E L SEND, &
FERT TR 4ERE ErTReAEfE M 22 . ATHBRIZ MW 22,  TERFIERL & 2 BT AT R0 55454
K Bh AT (A FE#E13] (Dynamic Time Warping, DTW), € X 5521 -
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L

align

Hrp, DTW (-, RoRMAKEFFFIZ A DTW B, Bk 5E i sha & 21
AUV AR LN WU B8 A, 5 Sy SR IR B 28 P A 2 o RFAEXS 5 ) H b il i A

N L atigns AN RIS B RFAE AL 8]k S8 B R, TSR THa SRR AL R & U RCR .

=DTW(F,,F)+DTW(F,,F,)+DTW(F,,F) (4-4)

4.2.2 ZRESHHERM S

TAIL B R MR R R AR R S, Gl 2 B BU Al & SR iU [FIR S I EAMSE 2 o
Al E IR MRS RGPS . =R, AR E SR IERR

(1) YRRl &

BT ERDER, SRSEUE . BGAIIR BAR AR AL B o 45T OREEAT DR A RS AL
Pz (i 43 Frs), BEUE (DL BUE (D AR (V) FFIER A 5

f, =ReLU([F, ® F, W' +b"),WN e R?>P (4-5)
f, =ReLU((F, ® F,)W" +b") (4-6)
f, =ReLU((F, ®F,)W" +b") 4-7)

Hrb, ©FoRFHEPHERME, W, wh, W e R, pM, b™Y, b"Y e RP XS L

E%Eg$$nfﬁ§.ﬁ%0 ?%i”ﬂl‘] fN|’ va’ f|V ER”XD %%}Jﬁﬁm/ﬁ\ﬁ/(J*%ﬁEo
BtiJe, N PE R G R PSS &R, M TON JE— 2D Ab 2

F, =TCN(f,)> Fy, =TCN(f,) F, =TCN(f,) (4-8)

Output

1

2-modal fusion
Full-connected Dimensionality
equalization

Full-connected ] ] Full-connected

Numerical feature Image feature

B 4-3 WRSHEREE

Figure 4-3 Dual-modal feature fusion schematic

(2) =SS
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TEXRRZSHEAE , TAIL #t— 20T =SS G 4-4 Fios):

Fuy = TCN(ReLU([F,, @ F,, ®F, ]\N,N'V + blNIV ) (4-9)
3-modal N+1+V
fusion
Full- ,
connected
N+1 %’ \ N+V
2-modal

won QOO0 0000 0000

Full- Dimensionality
connected equalization

Numerical feature Image feature Video feature

Full-
connected

& 4-4 =RESETEE

Figure 4-4 Tri-modal feature fusion schematic

(3) EERE
TAIL fE &R A B, 456 BBSRME (K 4-5 ), TR &R IR:
Gy = ReLU([F,,, ®F, ®F, ®F, W +b") (4-10)

ORISR G Z S Z AR EAEE, IR PR, HoR(E B RILRE

Composite
fusion

|

Full-
connected

N+l+V N | v

E 4-5 EAESHETEE
Figure 4-5 Composite modal feature fusion schematic
4.2.3 EFENHH SHFIEM

R P A Y SR S5 R A 4-2 From o AE SRR AR o, (AT R LTS (Soft attention
mechanism), V38 JJHLH]BES G s AR R SCHBLAS B CVE, A ITCRIER, TR s A
SENE. FERATBITAT, EE%Er & N RER IVLE]E . Softmax(-)e& £UH 11t

78



RAER A LA AR

FOER 1A, SR HTER 0 AR S E SRR MRS, 13 B 2L 2 A%
AR RE, ZHERERE A FH T A R IR -

U =tan h(G,,,\W,)-W, (4-11)
att = softmax(U) (4-12)
I:repre = GNIV ©) att (4'13)

Hrr, tanh()@BUEKEL, softmax H—WERAE#RIEE IRERN 1, O 72 Hadamard
Ty Fropre /e i A RHIER IR
424 ZIESTUMESKEMNIL

1E TAIL HEZEH, FRAAFAE Fropre &1 2 EHE )G, HEERFEETNE, KB
FIEGESr (EEAESS ) MREBERAE 28 (r2RAE55) . FISERESE (SRS . N
S ZAT B A AL, R ZAT55%>] (Multi-Task Learning, MTL) HEZE, & ik
PRI T

Ltotal = ﬂ‘lﬁreg + ﬂ’z[’cls + A’j‘cdecision (4'14)
Hr, A, Ay BNESEL HTPEAFEMES RBURAE, B 1.
(1) F-REEPF53 Tt
TSI — RS, H b2 TN ESER TP ME . TG Preg i 717 2
e

Yieg =W, - GlobalAvgPool(F,.) +b,

repre

W, eR™, b, eR (4-15)

eg’? reg

/E\: EF' ’ GlobalAngool( ’ )X‘—J‘ Frepre iﬁfﬂi%% qzi@‘]’@ﬁﬁ ’ j:IEIIiEXHﬁ‘ I‘Eﬂ é&g El/‘JEFi@fFiﬂE o ?}'E': 9% gl
HRAEJT % (MSED:

™M=

E:

teg
Horb, y NESEVEIME, 9 OB TN PE
(2) JIR3E WA 7326
LEIRIE R — DL RN P RAESS, AR TR L. . B £
M. B GL5 8 KRR, BEMXUS BA IR B B, BRI B SREET & T
o ARG S AR RAVH RS IERS . ISR, S H IR B TRAEHIRE,
PVELE, EEHIERRAZE=RY): LPRDGERI. JeEaE, el wL
RSEFRIE I, AR . TE s 8 72K
Y4 = softmax (W, - GlobalMaxPool(F.,, ) +by,),W,, € R”“ (4-17)

cls

(9, - %)’ (4+-16)
ML N RREAHL

Z|r
D

&\
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Hr, GlobalAvgPool( )X} Frepre HEAT 4% Ry B KA, HREUI [ 4E B2 1 s RAHAIE, KR
M BURRBCR A X (Cross-Entropy ):

1 NK N
Ly =——22Y,109(¥y) (4-18)
N i=lk=1

Horlt, R RSEK AR Cone-hot i), g, I MR,

(3) MEREHERS

ZIIE RSS2 A Zou 2RSS, AR S 5 E & TR E HE.
Bln, B2 2E L BRI CURRET ) 110 24 25 i i n] e 75 22 OR Ak
YEOF . R (0B . FTMEpidd TR 3 =15

hdecision = [yreg ® ycls] (4—19)

P =Wy - Nyccision +P4):Wy & R,b; € R (4-20)

;H\:EP ’ hdecision T#*%E] Uﬂ*ﬂﬁ%’éﬂ’ﬁﬁ?ﬂﬂﬁy o) ( ’ )7~Ell: SlngId ﬁ%iﬁ@ﬁo Tﬁ%@é&%ﬂq -
Iy R XN
I R R
‘Cdecision = _W E‘: yilog( pi ) + (1_ yi )Iog (1_ pi ):I (4‘21)

Hrf, y, € (0,1 RESLRHERRLE, p o T S
(4) BkEIE
SRR G RFAE RS TR A 2 AL 55 T 45 2K -

’C = L‘Total + ‘Calign (4'22)
I e /ME L, AR BRE [R] I DL A RRAE S 55 R0 248 55 P E b, B ORAS RIS 1)
R I B[R] A AT 55 TR0 ) R A 12
4.2.5 VA FEFR

NIV BRI AT VP, B FEE AN RT3 T RE s PR Fe b, DA =
TAIL HEZRAE [ H 43 AR AT 55 R I

(D HJj7w%E (MSE)

FH 4 & PUNE S LSBT P38~ T w22, AT -

j L N2
MSE = Wé( Yi— yi) (4-23)
Hrb,  y NESEEFRESESY, g, ATINTESr, NONFEARZEL, MSE S B FHN i 22 i B AR K
AN, BN R R R TR VR, {E T S BN U
(2) “F¥4ixtinz (MAE)
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F T S O 5 B Sl R et w22, AT
MAE = %g‘il yi— Vil (4-24)

MAE HEHENME S B SH{E 40t 2, AHEE MSE X EA UK, Reig s H
ULt J5 R ASE R (1)~ 25 TN 2 22
(3) Pearson fHK R %
T VPN PS5 3 S 2 (B Bt A 5o, AN (3-9) Fis, SR Tl 5
NREEVEI I — .
(4) AUC-ROC HiZ FHIHA (AUC)
AUC #& ROC H#1£k (Receiver Operating Characteristic) N FIHIAN, AT &4 E
ANFEGERBUE THIXr8E 1. X T 2RSS s, Bk B 29, B0, X
HI One-vs-Rest FEHEISH GR84S 1) AUC, AAN:

AUC = L TPR(FPR)dFPR (4-25)

Hp, TPR (True Positive Rate) AE IE#, FPR (False Positive Rate) N{RIEZE . AUC
EYEEN[0, 1], {HBREIR 1 FoRBM o R e dleT, RS 5 i b X 79 AN [5] XU 201 o
(5) F1 3%
F1 B2 k5% (Precision) 1A [EIZ (Recall) HIHAIFYY, T iFEERIAER
AN A B R 2 (AP~ A, AXanF
Precision - Recall

Fl=2. —— (4-26)
Precision + Recall

TP

Precision = (4-27)
TP +FP
Recall = ™ (4-28)
TP+FN

Hrr, TP. FP. FN 5l v EFHME . BBHMHEFER M. F1 280ERE N[0, 1], EHlksR
INBEBYLE 73 AT 55 A IR I35 1

(6) HEHE%E (Accuracy)

M T e AT (B, SR TBEAREEMN) PRk EmE, &
/(I

Accuracy = TP+ TN (4-29)
TP+TN+FP+FN
Horr, TN 73R NEBAYE, R S A TR R 43 2 A EE 51
(7) 5% %% (Coefficient of Variation, CV)

PR B E AR e P, 23T

cv =Zx100% (4-30)
7
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Horr, o NTIMMERIPRHEZE , p NTIE R IME . R RE LA 7 OB UFoR, (Bl
FRoR TRIMME B/, B R Pl sy o

4.3 SR SHIEEME

AFEFEH —Fh 2 ARG (00 2w TP AR Y TAIL AESE, B ARG = F 5L
(K 22 AN EUE AL TE T AR IR 46 R Bt A s S AEes , SEaln Tk RE i 2 iR AL .
TAIL HEZGEIRFAEXT 55 R I AL S LR ARG I ZR5kns, 1 2 HSE B
NENE CREPEMETD . 7328 QAR 7328 A (&R TEHERS) AR5 Mt .
PATN B S N5 FRUAL FE . S0 B N S 40T B = AN T T V40 ) ik S B R

4.3.1 HIBMAN ST
TAIL HEZEALFR =R EHE, ARSI E WAL, #{fdm N\ — S AR
PEHURCR

(1) BUERIM w4848 (Numerical features, N)

BN BB EEORIE R 22 ANMLSEAEAR Cln ORDRERE 4 fRI 7D, BRI K6
il AR RE

TALTE: FREACA Z-score (FMEH 0, TZ 1D, WHEENZESR. &M AN 101
FEAR[) 22 4EMI &, 4E8EN 101 X22.

FRIEFEEL: AR M2 AbHE 22 YEHFIE.

(2) E1E%HHE (Image features, 1D

N 101 DMFEARR) 5 RESRG (R /AR ESS 15K,

TALEE: B iR BY 2 224 X224 B3R, ZBRAGNEE, Fadd EERE (3X3 HID
ZmgE, AR LLRE (R B, s eI — R EAE 2 [0,1].

FRAEHREL: A3 31125 CNN (£F ImageNet FilZ5) IREUR B, WG — 24
HEREE AT 2048 ZEM R, 4N 101X2048. AGEN T BUTS, HE5HT 50 2, AU
Wi —)=.

(3) MAEHE (Video features, V)

BN 101 ANFEARDR) S PR (25 it/ 2T/ h i/ R 4/ 2 & 1 BO.

TRACER: RS 30 Ml (& 0.167 #0—MiD), Zi— TN 224 X224, H4ad 2
(EHrEN, =1, H—1LE[0,1].

FRAEHREL: 48 F Il 25 TCN (£E Kinetics-400 _Ei)IlZ5) $REXU 2545 4E, izt ki 512
drir g, 30 WIFEA4ERE N 101 X5X30X512. NI FIHTIIZE TCN )38 FRFE$2 5
BE77, [FIAS I AC A AT ) R 2 B AS R, SRR &5 SO AR 45 & (1) SRS . TON A4
T2 E—HGRMEK GRS, TOIZEEEE Kinetics-400 FR4E F O S BIFEE T
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I P AR ASRFAE BN SR B SR MM FEAR A o Dyt e 400 & R D T S AS, R &S
TCN (AT 80%/= (RUBARZE), 1X48)= B 33 S OB A ARZ RFIE,  Blnid k. 40
A PR 2, RS e R RFFAR, ASEREEER. e, HRR)E 20%/=
BB 2 ), X8R R, REls 2 ) AR THESS s R IR IR, Bl an Wi
TEAR AR AN E A e N, 38 3 AE SRR b AT i S i e, R B A i AT S
oK e PUOAAE T, SOMARR R OB AT BB, B RS O) B 3 AR AR ) R I
xRN AR PEREAT AL

NORIEZ B SHAER 55, FrA L B T ROI BB PAGRAE S (B3 55, AN KR/
MR LR e B RFAE (s b AT 25 it M EESS AR ), DAERAETE SURE5% . MEAIE %
IR B, SHUERHERS FEULEC, PALORIER FPX 55

FERAEAREETT T, AW A =IUESS 0 AT it . o, TP RIS 5
SRR PR, JFHUSEAF e & hRRs, BAORVE 0 BOAR S PR AT — 2k o kR Ui 2>
FAE 5 bR AR VNI A I BEAT 2028, LRt RS B 2498, et
), DR BERE A RUX 7 AR SR A . FY @ e PR AT 95 R H — John4s, AN
PRESWRE T IE R TR E ISR (BN E T2 i Z40E, IR Bl A0, YA
P TAIL £ SEFRR 5 iR s A -

4.32 LWIRE

TAIL >R H B 7 I 007 s AT B A 2k 5K, 4 4 AR HE R LR 7 ) SKe:
AR HEAT B R 43 o B SRR BEAL R 73 NI 25 4E (80% ) B8 UE R (10%6) A AL (10%),
Hrb IR THERIZR, Wb H TS E0R, w8 T s A& vrn

FEVPT FRAR G b, AEAESS R AN E B E AR X T B4R 5 (BT
T, KRB IRZE (MSE) FIF4axR 2 (MAE) fi s A T g 5 H S g 2 (6]
w2, [FIIS T4 Pearson AHOC F L, UGS WIS R 5 N REE W5 2 B — 2.
TERATS (RIRME 522K w1, SR AUC-ROC Mk PR (AUC) 1 F1 4 5UE RN
PR FERR, DIPPUM AL 2 28 ) R HAERE IR 5 4 Rl 2 2 [A] 1)~ P R . % T s T:
% (RIS EECPEHERE ), W) 3 5 R e 26 A AUC {H, DA A RYEAS [R] e sk
BIE T BRI

NATHSIE TAIL BITERE, ABFR G2 X Hsess, ARSIk, @28
BRETTEUSCUATRILE SOTA J5ik. BEBUSTNESMETEEEE (ND. BIEE
(D FMRREAE (V) HEATHALIINZR, DL SR — o ) TR Tl () ok . SOTA
PR ConvLSTMUI ConvGRUM!, CausalLSTMU*2F1 ConvTransformer!!#3, x4
B 2 A TIIAE 55 R I B, 32 B T T8 P 31 2 A5 i 5 37 5

433 BHBCE

TAIL HEZEAIIIZRR o 2w (1 22 21 5 3, I ARSI TR 4IRS . ik
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AR Adam fiibds, BHAASHIECE MR,

AR LA, BRI ZRid FE A N Dropout (BN 0.2) A1 L2 IENIML, [FE R
FH 45 S5 % (Barly Stopping ), B 24IG1E4E F#) MSE 7RIS 10 3 )1l 45H0 T B35 R RERT,
FEnfE b g, DGR BRIz ARE /1. P SEB4E NVIDIA V100 GPU _EigfT, Jf
F5T PyTorch IR L5 S HESLSLHL

*® 41 BHEE

Table 4-1 Experimental parameters.

Parameter Values
Batch size 32
Learning rate 0.0001
Dropout 0.2
Hidden size(TCN) 200
Kernel sice(TCN) 2
Stride(TCN) 2
Dilation(TCN) 2
Num channels(TCN) 3
44 XWERS S

TAIL HEZRHISRER S5 R BSE RS (FRIED T 7334155 GR35
MRFAESS HIBIERCYEAER IF o, LA vrir 285 & 5 iR SR T Barr
AR . JE S ARSI 22 B RS TTVA LS SOTA #AUHXTLE, TAIL 7£%
BT 5 T AR DL 25 VR REDL 35 o AR S0 45 R A, 45 5 B 0 T AN RS 56
BE— B RT TAIL 1) 2 B Rl & SRS A SR TR R TN E 77, IS8 UEAN (RIS B xt B
PERE A TTHR -

4.4.1 [Bl)A{EF1EEE

Kl 4-6 (a) WA FIEELWRE CEIEYE Smooth. #4E Elastic. WIE Rigid. &
e Draped. Fii1 Stretchy) ) MSE #1 MAE. TAIL 7& it 514 | ) MSE #1 MAE
B Ak, 1, 7€ Smooth L) MSE kT~ 0.5, Tfi 25 /7% (40 ND ) MSE 433 1.2,
XERIE TAIL 7£ Z B RE P L, JCHAES)ARHE (U0 Elastic. Stretchy) FRILK H .

Kl 4-6 (b) #—F R TAIL 5 HAh 7721 Pearson AHC 5%, TAIL FFMNIME 5 -
P KIT 2 2 18] ) Pearson AH5S R HGAH] 0.923, 8T TE (N: 0.681, I: 0.743,
V:0.823). XA J7vE (NI:0.874,NV: 0.831,1V: 0.844) FI =& 775 (NIV: 0.874).
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IXRW] TAIL BTSSR S NREE VR = 2 R AR & A = AP LR 518
TR A 8BRS HE LI 2 23 10 T TR 1

a Method B

NI NV [\
Smooth | ‘ Elastic | | Rigid | | Draped ‘ | Stretchy
1.5
@
=2 1.0
o
Zos I
o,o-l, I : I I L I. = I. I.
w w w w w w w w w w
< @ < %) < @ < 7} < @
= = = = = = = = = =
b TAIL | Y
Pearson's correlation = 0.923 Pearson's correlation = 0.681 Pearson's correlation = 0.743 Pearson's correlation = 0.823
6 N 1
3
o 44
- . 41
] 44
=
E
g
w 24
2 . 24
24
1 2 3 4 5 65 0 2 4 & 1 2 3 4 [ 2 3 a
Predicted Value Predicted Value Predicted Value Predicted Value
NIV NI NV
Pearson's correlation = 0.874 Pearson's correlation = 0.831 Pearson's correlation = 0.844 Pearson's correlation = 0.866

Evaluated Value

1 2 1 2 1 2

3 4 2 3 4 3 4 3 4 5
Predicted Value Predicted Value Predicted Value Predicted Value

4-6 FUMEER: (a) NEF7ERI MAE 1 MSE FUMEER; (b) ARIGZEFMHAMFRBITFS 5
RIS Z [BRIHE KM
Figure 4-6 Prediction results. (a) Prediction results of MAE and MSE for different methods. (b)

Correlation between predicted and actual fabric hand scores for different methods

4.4.2 TAERMRE

FEIREE IS 73 AT 55, TAIL HEZL[RIFE R IR YRR, JCHRAEAFIM B2
FXrEET. B 4-7 () JER TAIL HEBEZRTTE (N I V). BHEES 775 (NI,
NV, IV) =T (NIV) B AUC F3 i . TAIL ZEFTA A ) AUC A it
1.0, EFNLTHRBETTE (0.866-0.892) FIXUBEA 7% (0.910-0.928), HZEREAG ST
BEM (p<0.001). TEZHIGH5rH, TAIL fE4f (Case 1) F224] (Case2) Ful LR«
PO RRE, HEER. B &L (Case 3) Fulh 5HATTEMEZRALEE (p>0.05),

Kl 4-7 (b) RRAFE LRI AR e M, A8 5 240 (Coefficient of Variation)
& . TAIL JVELERTAFEA AL 5 REURAR (8), FESRA4H o h R IR A (il a,
Case3 N 15), LT E (Flan, 17E Case3 H1oh 68) AR 7E (Flum, 1V
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%4 B ZEESMEIMT RGN AR S IRE

£ Case 3 W4 590, X W] TAIL 777 FUINAS & 14 5 v

a S ot BN | v
Y NI NV v
All.Samples I | Case1l | l Case2 | | Case3
1.51

kk  kk  kk  kk kk Kk Kk * ok xk  *x Kk Kk * * 0k Kk  *x *x Kk K

Tnsnsnsnsnsns

1.01¢y 0 0 A I
S 05 ¥ "¢
< .
0.0
-0.5
b
All.Samples | | Case1 | | Case2 I | Case3
'5 60 1
ke
@
2 401
[9)
1=
.0 =
£ 20- 09" %o
2 |o0® o "
S |@ iof o
0-
2222"3>2 22Zz"3>2 gzZz"3>2 g2Zz" 3>z
= == =S ==
Smooth Elastic Draped Stretchy
4 4 — = & C T J
@ @ ‘ 2l @ ] © .
.o <} — o i <}
z f y= f
2w < < ( : <
P o o o NIV =068 o [
= = @ =
o 5 T T T T T (=2 T T T T T o T T T (=T T T T T T
1.0 0.6 0.2 1.0 0.6 0.2 1.0 0.6 0.2 1.0 0.6 0.2
Specificity Specificity Specificity Specificity

B 4-7 HELER: (a) FEIFZENAUC 5E; (b) AEFGETMNERNERZE; (o)) HMHFRX
FHIE ROC FRZHN AUC ELEZ: SeiF, 8%, BFEMAE
Figure 4-7 Classification results. (a) Comparison of AUC scores for different methods across all samples
and specific cases. (b) Coefficient of variation for prediction by different methods and (c) ROC curves and

AUC comparisons for four hand properties: smooth, elastic, draped and stretchy

4-7 (o) EXT WIS F IR CEIEYE Smooth., 3% Elastic a4 Draped.
P it Stretchy) £ ROC HiZk, JHit% AUC 8. TAIL J7yfepra it B AUC 1
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T HAR 73, Hltn, 7F Smooth ) AUC 5 0.944, =T NIV (0.938). IV (0.8)
NV (0.718). XK TAIL Reug 5 AR A 0N TR, SCRFAREE XS 3 281 55 .
4.4.3 RREFIWIE

Kl 4-8 H#t—P IR TAIL 75 I8&E B P AT 55 R I T NE 26 70 A F e R B A B
HARD A ZEFRER (Winter Homewear, WH) 55 Z414%2 (Summer Shirt, SS). g4
(Hoodie Tops, HT) i< 4LR (Cocktail Dress, CD) 2 Fi& 175t B 7 25 5 .

Winter Homewear prediction using TAIL
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w0 a D D RPDEEITITIEE
nw o 0o ” 0N z=2=2=2=2 0.00 0.25 0.50 0.75 1.00 0.50 0.55 0.60 0.65 0.70
Sample Predicted Probability Average pooling
b Cocktail Dress prediction using TAIL
Status [lf] vt [ oo Status ® HT © cD

o
©
o

e 075
£ 06 2
S8 4 =
g z s
o 2 2
‘ g £050f———f—— e
03 S
=

o
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o
=)

o

E e 2 58382388 8 8
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Sample Predicted Probability Average pooling

4-8 RIFRLER: (a) B F4S4Z(Summer Shirts, SS)FNEZfEZK AR(Winter Homewear, WH)BIHE R 4> 7
M ELER; (b)1E42(Hoodie Tops, HT)F;ES #LBAR(Cocktail Dresses, CD)RIHLER 43 75 157 245

Figure 4-8 Decision-making results. SS: summer shirts; WH: winter homewear; CD: cocktail dresses; HT:
hoodie tops. (a) Probability distributions and classification results for SS and WH. (b) Probability

distributions and classification results for HT and CD

Kl 4-8 (a) JE7 TAIL Xf WH A1 SS [ UM ME 27 A7, ik /N4 55 e s i il 28 &
MR IREA R R BASE . IMREEEIEIR, TAIL WA [FREAS A T5I0ME 2 0 A5 A B 2
2, HAbRidoN SS IFEAR (S1-S7) FlIMEZ A7 0.0 22 0.3 [X[H], FREFBIALA
TR L) 3 RANEE L TFEF G, Tibsidhy WH IIFEAR (H1-H6) Tiil#E=e 4
75 0.7 22 1.0 X1A], SR 8 m i EAS B, 3R WX e Ui IR IR 3 v iE A A =K R R
% FE i Gt — D3RR AP TN 22 () 2 A R, WHL IR %% FE I BE 2480, 150 TAIL
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P WH - R EFRESEE, 1SS MIAMmBIN 8, RATR SS FEATT #e B A B
R, T EUBY N R 2R RS BB . ZHIR S (Majority Voting) 455 7R, WH B Fitill
MEFRAEHTE 0.5 2 1.0 [X 8], SS WAEHTE 0.0 2 0.5 X8, BHFEH MRS 20 H
U 1) 7 B %, B TAIL Bef5 A X 3 FUTE A4 ZE R E IRV E =442 F ids b A

Kl 4-8 J&7x HT 5 CD BITINMEZE o040, @ik /MRS % R dh S A B — 2
SINTRE L Ay KR e . NREREIE IR, FRICN HT FEAR (T1-T7) TR EHTE 0.0
£ 0.3 X1, fiFricy CD MFEA (C1-C7) FMEREEHFTE 0.7 2 1.0 X [A], K8 TAIL
REASTE I X 2 X A &7 5 . BEMZLER, CD MFAER 540 EINIERSE, (H
FEAERLE 0.75 F 1.0 [X[8], £ CD & A8 G, 10 HT /9 A
NATEL A FEAR R TRIUMERES = T 0.5, WIS T 5 2L g 2 27 F B 1 L 5
SALRAFAE— EABUE, i s P PR e . B B, PEitiil (Average
Pooling) 455 &7~ CD HIMMEREFZE 0.7 LA E, RLbritksERM (0.7) ##—%
IR ALK 73 2R A8 7], CD FEAR PRI A L4 ff s T MR, 10 HT #EA HOREZ I
TEIME, £ TAIL EX /AN AR & ERR S FE W, Ref% 8 e fb Ik
WAL ] FE R HERE KR -
4.4.4 FFLLKLE

NEGUE TAIL BEAAE W) TIPTS5 A Rk, BT EEskss, 3 TAIL 54
AT B 1) SOTA A 31T M BE LL A% . SOTA #  i% B ConvLSTM . ConvGRU ., CausalLSTM

F ConvTransformer, XS 7E 22 M5 25 LI AN S 18] 2 54T 55 R R B 7 o S8 7 05
P BAERILE BT SS (RGN ERIRIL, g5 Rk 4-2 Fios.

= 4-2 FEESRISER

Table 4-2 Comparison of experimental results.

Modal MSE MAE
ConvLSTM 0.353 0.426
ConvGRU 0.359 0.410
CausalLSTM 0.324 0.406
ConvTransformer 0.338 0.411
TAIL 0.258 0.354

TAIL 7 MSE f1 MAE _ R BUAM F1X 28 SOTA #8Y, 3 B HAE T B4 TAT:
% B T RS BE ARG e M . X B35 T TAIL ()2 IR AL R & fms, @i
FAEXT 75 (DTW). TAIL #EHUR Soft-attention ML A S0 & 245 E, WoREZ R 1Y
PN IR 5 S5 A8 L, AT AR AR ABE 2R %) il i 22 .
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4.4.5 JHRRSRIE

(1) ARV Rk SEES

NIGAE TAIL HEZES A 0o ik, ASHF 78 HEAT T A S, S EEAS RS 4 & 1)
PERERIL. & 43 RAFMESH AL IFTES LA MSE 1 MAE:

TAIL f#] MSE #1 MAE 435124 0.258 #1 0.354, 0T A BAA (N I V). XU
ASNLNVIVOA ZBEEH G (NIV) A (VOAE AL T I R i L (MAE=0.412),
MR IV HE RIS (MAE=0.391), X8 WAL X 8] U4 55 1 Dk e ks
1Ml TAIL ()2 R AR A g 3t — D3 TH i ae .

TESF FRPTRAT S, WATBLAS I DTiRAE T /0N, SR AR R SAT 55w, SRR AR
AR AR T HER RN 86.4%, IR THUEARA (89.2%) M TAIL (91.6%). XK HAFE
SRR FEME S I TTREEZ S, 1 TAIL 383 ARG S s & SRS 3 .

* 4-3 HENIHRSIIEER

Table 4-3 Experimental results of modal ablation.

Modalities MSE MAE
N 0.364 0.455

I 0.329 0.437

v 0.295 0.412

NI 0.315 0.422
NV 0.290 0.403

v 0.286 0.391
NIV 0.281 0.407
TAIL 0.258 0.354

(2) BEHH b S 56

FIRANIRFT TCN. Soft-attention AL I Z Xl & SRBE N TAIL B RER DT, 4
BRI 2 AT LU SRS, G0 R PR Bl B OGBS, A ORI B A S RE R R o 6T
eszah e, MR DY AR AR R DS UE SR E 45 5RanfE 4-9 Fos:

TAIL(+)ff FHJSZ. TCN P48 R M HEIURAE, THEH= TCN M4, SHEA
RN, MSE M 0.258 EFF# 0.296, MAE M 0.354 EFF2 0.408, iR ZHilEL 0.05,
IX R B 22 TON ) 2% B8 1 5 A (RIS B) R 528 B, $2 HUCEE — B I P ARRALE , T 257 TCN
W28 T NS SRS, HISSALAS TR B B RIAE A, AT B e

TAIL(tri-) B [ S A& IR SRR A L], BT = RSRHEEA T, MSE M
MAE 735l EFEZ 0.265 A1 0.375, Ui B Z ARG PLHIE R G 2 SRR $ETH P,
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&7 T B A EEAER

TAIL(-)%¢3d Soft-attention AL, B0 H F BN SR, FE MAE i1 0.2, MSE
M 0258 EFHE 0276, K Soft-attention HLHi[H L B INBOCERESRE, A >
BLASRRE R TCAR AR S T4, ST T A v A P A RS e

Bi-GRU-HE ¥ TCN &4 X a] [ J# 6 .0 (Bi-GRUD 2144, 1031 g I 3%
B, MSE EJHZE 0266, MAE EJF% 0.367, #ild TCN 7EACHE I 545 4E 5 THI K AE )
T 1550 RNN 4%, el 58 A Rt i HE 3 - Kl & etk

-@ MSE
0.34 1 —h MAE
to3
0.32 i A
-\\ 036
0.30 o3
w w
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=
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Figure 4-9 Result of modular ablation

2k L FTi&, TCN M Soft-attention AL 1) TTRR 5> 7124 0.15 H10.05, JZIXARLG HHG
AL PR R R R P e . SEIGAE R, TCN TEIREVWIBN A FRAE J7 T AT D4
YEH, Soft-attention ALl ik Hf b AR A RRAE A FE 2 T+ TN AR A2 1, 17 J2 UK AL il B SRS
REBRSEENARIES . BREE T I 2 SR T, J00F TAIL B8 %
B D EAE AN RIVE L, RZRY) T BPANAT 55 $ A1k B m 52 (1 Fil e

4.5 KEBINGE

AT R G IR TAIL HESRAE W) TSP O AL 55 P K AR HE 3  SEELAR Y S S 98 J0iE
JiEE SRS NP AR S A SN, SRTHRARLE [T p SENTR AR 55
TR TIE E . TAIL B EHE . BEMMS=MESELR, RAZRLEE TR
PG R 6], IFE5E TON AT AR, SR 2R IR S AL i A O B A
ATTER, ISR T AR BT . SEIREE AR, TAIL fE2 Mabs LR
T BRETTE M RBSREGITE L SIA SOTA J7ik, Wik HAE W) T EyEA h
A A . AT R B IDAHE.
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(1) AETTIRAE T, TAIL HESGE L R A Rl & AR & I 2R, 7870 A 245
AU EAME, BT RO 1R St 2B I BORVE S RS FF B BOR I 3 285 I 18] R
¥ (DTW) $ik, #fREUE . BB ZS i1 SC— 2tk FEE 0 9KEh iRl & p L E
I PR (TCND B s (e s A5 H., (ERALRENS B 1& N ISHEA FE S5 1)
KGR SERMPRSINEME, TAIL M2EERITEZERFFHERERET) . Bk
E IR E AL 5 A EE IR K (Liow) PRI 73 RAMRFAES DAL, A
R AE B — Z0H) N S22 H AR RS XA TVEAMUAERY) T B o BB TG,
IR HAR 2 ST 55 S M Al i S HOHE S

(2) ZARFIMATRNS, KIS T REGE VR W RS CREGE2 T
DRAES BN 2 FIRFAESS @GRS KBS, TAIL L8l
B I LAVIPPI A 2R o SEIR AR R W, 2 AT 55 5 S SRS AN v BN 55 1 TR 2
IR AR 2 ALRE T, (615 TATL 7852 Fr S FH 355 v 038 1 5 5

(3) SLERSIE TAIL (R OUAE, FFREAT AR T . X L BB . 22 i AR
A 71L& SOTA 77725, TAIL 7E AT A AT 55 b 35 3R T HE B8 AR 119 15 22 /R0 B vy 1 T A i 2
UbAb, kSR — P IR R AL S TCN IR S HLEI A 2, AR s A
SRR SCFr o

£3 ERrIR, A FIE I TAIL HE S S I 2 AR a8 ml & 11 i 1 3 P A, S b HAE Bl
TP RARFALSS T PO o 5 BRI ARG ARSI ZRE08r, USSR B ks
JERMERE (R FFE A E MSE PR 37.4%), FEFHESH W) T ROt 4 i & se fh it
2, NGTRBCFACTR BB IR ST M EOARTE S SR 1, B TAIL AL fE LRI 4,
FoTRAE T RV R A 25 SR B T AR, o DL LR A B SRS PAIRI 2 g BB A4
PPAENRER” B AT B e T RL SRS BR R DY RANE — A e IRt B
BARHREERR, T2 T RIRRIEOR, §EH AHP-RST IR, WA E
PR EtE R BCR BT . 8T A TAIL TN 4S5 RS B s SR 8] B R Bk, 56
5 TRy TATL AE SR 3R (1S 5 AARe , I N7 23 Tlk 1) B BEAL P SR B mT A i PR S il o
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£ 5 B QFRESESTENRAIR LN SHERMML

LTI PE AR G723 o i R PR T, R E R R R E A 5 T
MV AE 7= P SR B M L . BA BT T AL S 2SR S BOR SEELA) TR ) %%
MEALVEAY, SR, TR ST R RS T TUIIRS B I R, L BRAE 7 R PR i 45 5 1)
AIARRETE, TLVE BRI S SO B R B A B R TR A
Briv . SR T, AR TF B AR B TR S A M, IERe N i
THHM PUE IR L E IR S o 55— J7 1, ARNFROVEE PH 285 38 A s B
VBRI, X AT DU A 2 R BORFE RO A A T E e

AT HE BT AR R IR S T S SR BTV, Il 45 A R IR i
(AHP) 5 AR SEHE 18 (RST), 4% AHP-RST 7R & A8 DLFZ 3 8 B 204 b i Ba B i
AHP H T OB SRl 1 E A, B ORI A R0 — 2k, T RST MG & P4y
AT FIENIRZ A, W ERTURAE BRI ML . JE T 101 NRWIREAR R E 0, S0
B UE BT AR Y AE WS SR B B SO A AT R 1 o X — T VR AN TR AR 5 S B A 5
PEAS R BIEREE, 3897 23 TR U 8 R e SRR AT (1 B SCRFFIBOR B8 1%

5155

TRV PR T N0 R, I i R I fag F Y B Pk B
I, e g S B AR IR AR RN R B, JHRETTRER “RI” 5 487 1
il ARG RIBCEER, XA ICIBRIFARRENL, 1Sk T K I A R . TR 4
I I 2 AR A A A S 1 i P TSP, RO R IR TUIUA EE ([l A4 55 MSE
N 0.258, 73FATSS F1AE N 0.921) 0 RT, 1ZAR A (IR FE 5 ST HESRA T bt — b cdte O
GG, A RRRAAL A AT R AE R AE LU, ol B A RN “TF SR =
THEN &% 2298 7 JXFE ) S UM o TR m] AERE 1 SR SR AE S IS FH o PR A A R Frg 4
JCHGEAE TR ELE Y RARIE R 5, Wi ke b B NI .

FOTRR LB A S KR 24 v A2 LR, D o TAILL (TR PSR (1 T A7 R A
LY TIPS, EEE CFr Btk ) AUER TS TR R RS, Tk
B VPO IR S AR SR o AR GERITRAC I T, AR SR BORIER RS 42, B4
e A s, (A5 AR — SR IR sl T A BB, e AAR RS VR4
EEMARZLRE M. B, SISy ged: s BRI P2 4
UAOU 57 52 ST RFFE BB RO BR 1), S BOCBEBR S 8 . EAh, B PRI WA A5
RIZIE 5 B XA W Z R, 52 2 LR

EEXPIXSepkig, AHFTUHE HH—F AHP-RST IRAMAL, @I VM EMES %K
MR, GV T RN R . AHPUSWE y—Fh S5 M40 1K) 2 HE TR ST 7%, R
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% 30 3 — BRSO B B R AR A R, S S A T S A 2R . RSTRUILAE B
WS, I JE LT 2 BRTURRHE, P2 U8 s R AR OC R o 1R A R AR
WAET: — 71, AHP {24 RGN HIRE I EIAELE, Tolril G277 200 L X A 1)
FEMCH: 55— 711, RST [ TE b R S N B RS20, & T ff e ()2 48 02 W
55 4 T TAIL HESEZ5 G, AHP-RST MU IE TN SR 5 BB HUR VIG5, 1848
NS A R, e A B A T B AR AR

AT H bragifid AHP-RST IRAHBAL, M 101 NRWIFEARRRE £ids GF 2
SRR SR AE ) AR E S AN, B TAIL AEZL MR, FEIR I 7E i
M—2tk s FEHEMB AN E BB BARMNE, AT EZ LT -

1) T iy (R A v 1 38 1] 1) 32 WA B 5 R WA A, 32 7t TAIL IfdAE 77 ?

(2) FriZ3E AR R M R AL ) F IR O m v, JF5S TAIL B4R —80?

(3) SAEGENRE I T AL, AHP-RST HERYLE Rt 5 vh 3 S BE 1 B B
HREMNH?

NSEEL EIR H bR, AT AHP-RST IR SR FGHELE, Ff o BB AL E AL
5 FRZ IR ) BAR T, IRIE I S I6 I M AR . SR SRR T2 2 F 0 101 M
VIFEARRE VR, e RI . R4 2 AR VYRR 20 AN EIRIEXT, JFE55 5
4 T TAIL HIER T SE R, M REIE Sard et R — 8k, &%, AREBIENSYT
EIEM Rt — BB A PTEMRIARRAA R, AUUREN TAIL M A] iR fG, &Y
LR PCR IR LS R T . ATH AL WA 5-1 fix.
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SEBEREF SRR, PR FRRIRE, SUREBRRE
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Figure 5-1 Technology roadmap for chapter 5
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5.2 AHP-RST ;B &1& 8% it

V)T IR B B I 2 A AR T I M 5 R A A2 21 PR IR R (an
“RIBRRRET) RIBIRA, XA E B RAMA LI R, R HOE AR A
(R 2R AT (A2 30 o D IR Hotfs v R IS B PTRRRE L, AR g tH— 7 AHP-
RST VRAHA, L AHP ALFIRFERCE, R RST S2LUE M2 A E R 238 . 1%
BB R E R WA R, ERGE . rTRIER R, AT BN IR feth v
IS HF

5.2.1 RRTHEREML

AHP 2 —FPgs A 2 W s 777, 8 ot R AL T AW, R
B . AESUWD TR b, FEIR AR S i TR AN [ 4, i v
TR e, DA G 32 0 O 22 X RN R se ), BRI R

(1) MEJZIRE

£ AHP ', M@ ZREMATE=AFEZZR: BinE CEERTEM AR N Z
FEZAFhrdE, H TP AR 177 22 (RARRIETEGEN 7720 Rk se
7R (14 1) 8

(2) Bk H 0 B A 7

IBE 7R N SR HE N JZE RN 7 5 2 5 AR 1] E B 3 AT BSOS bR A, ] Saaty'4)
PEH Y 1-9 brPEE (1 FOREFEHEL, 9 Fon i B2 i, % TR 1f 1 5 K i Smooth”
I “Friction”, A EFINNEIELLEHEEE 3 4%, WHEEICE a1=3, an=1/3. LAtbiyz
YHE 2 RE R AN 7 R 2SR

(3) MEHEIMES kLR

SRR REF AR &, 0515 BIRCE . BRI — Bk, THE— kL
% CR=CIRI, H—FME4EH CI=(dmaxe-n)/(n-1), BEHL—BPETEE RT B Saaty FI9IE
5. # CR<0.1, WA EFHEZ.

(4) BENH

¥ AHP BUE RN BOE B0 3R, 1B AR A oG L R 7, T J5 48 RST 43#7 -

— IR R AR YR FE 2 P8 SR AR e g, AR Gy RN BT R M S B E Ak
ﬁ%%@ﬁo

5.2.2 AR B E 5 HIRIZ R

RST & Ft 115 B AR GMIAH E MEI T ik, RENS I8 I R VO AN 20 i 21
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EXERARL S= (UA VD, KB, URSWIRARES: ARBIESE, @
FEAPEIRME C (20 MEATIES, B 1-6) AREAE D (AR, I “Hf” “%
W7, VRSB, BRI, CH{1, 2, 3, 4, 5, 6}, DX (Cotton),
224 (Silk), & (Wool), ik (Line), & RELF4E (Polyester) }: f/2fEBM%L, WU
KERMEA. ROHARE () gk 51 5%

*® 5-1 ETAYRANER RS

Table 5-1 Composition based decision-making table.

Sample Friction Smooth Regular Breathable D
Ul 6 3 3 5 Cotton
U2 4 4 1 2 Wool
U3 1 6 2 4 Silk
U4 6 2 4 5 Line

(2) B2

JEYEL T 2l LR TUR B R AL S, R B PRAF L W 28 a8 1 R R RE RE T
ERMEAMERES, BB EAT e R INDC)KRI 2254 B C B 2R,
Flhn, # Ul A1 U4 £ “Friction”. “Breathable” F{EAHZE, NWHKN—,

BTRR, (rEEMAENE C TR C(D) M EERC(D), XWAEME 2 &R

FERFIEIE D T, WRLEXS R0 € J T IR B r] BE )& 1 1Rk ARYEIX L TH5R, W DA E IE
15 POSc(D), BHIREWS BIHf X 7> RSB TE D KX RES .
NHETERIFIRYE C X RSB IE D RRERE /), BT SR ye(D), AFHON:
| POS:(D)|
U]

Hrr, yCD)RAR IR S5 U L o A0 FE 8 e Bk 2% 1 A e S 0 78 v (0 A 2k
FEENE, R yo(D)=0.92,

e, A B B ok R AL B2 (DPSO) 11501, 5] N Sigmoid £ 5 N 84,
EREERITTREEEZR ¢y A2, DPSO duft AT

Vit,til :W'Vit,d +Clrl(pi,d —Xit’d)+C2I’2 (gd _Xit,d) (5-2)

VC(D): (5-1)

Xy = Sigmoid(v;y (5-3)
H, w=0.8, c=c2=2.
(3) FHiRZH
FTARIEREIESE, R TR R . Blt0, %5 Smooth=4 H.
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Flowing=3 H Warm=2, W] D=Silk (£248), IGiF TAIL T RHE RS S5 —8. it
5, RGBT BRI E A R 6:

Ot =0 —p- % L =—>(Conf, -Cov,) (5-4)

Heh, n=0.01, ¥4k 6=0.8, EiLXH b5 Pareto ALY (EASJE Conf=0.85, i
FE Cov=0.2), Jiiidk @i sy, BRI lE R .

5.2.3 W ¥R R

FEVFOT AR, AR =R fe ok i B PR RE . B Je R RVERE, BAEKS
% (Precision). #[A% (Recall) I Fl-score, FTi{FUMERL MM HERTE . HIGE
WL i fe A, a5 B 5 (Confidence). B i (Coverage) DANWLUS &, X4iLfs
PR BT B A2 Rl R SR IR R N A T . e, SR A R A R R R SR TR A R

(Decision Accuracy, DA) ML FIF (1-5 4y, FEELEHEESEEM), EF
BT PR A AL A S B B H () R IR R VP

5.2.4 Xttb k&

NBAERERILS, AW TR LT =R BT i3t AT Xt . B g — AHP J5ik,
BEAE FBCE AL A (e 2R e, BRI R HUGRESE RST Jrik, AR, H
PRV I RO o B J 5 C4.5 YR BRI R 115 B0 2l i 28 s S 3R U7 V%
I IZITVARE RS VR IR VEAS D0 2t R A R SRR o SN FLIX BTk, ENE R A e
AT RAE AL AL 5 BT

ATIHEH AR Oy Jim 0 0 B E B SE A, R T REIE AT 101 MFEA ISR
UEHAERE,  FF oA S i ] ARk 5 R e

5.3 SEIRIIFSER 2R

AT LI KAIE AHP-RST R & HA R AL W) T O b (G s e RE 70, BAE IR
FrLUI AR I s P24 B ROR S 75 BEWS HER e Bk Ik BE R R B M T 5260 4 &=
TAIL Tl —%5? BAEE L S ME LRSI TG AT SLindt 158 2 FRaE
1 101 DNEMFEARE Bds (S5, JEEE5H 4 & TAIL B TINAER,
FrIE I e BN L KPR A HAE RE

5.3.1 LRI SHIEES

(1) Bt
SEOGHHERIR T 26 2 B A0 101 NRMIFEA, WM. B 2. BRAIENE 5 M
BFHPFEARH 10 Mgl N PRy, FET 20 MR (40 “Friction” “Smooth™),
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SHEER 1-6 (1 KRk, 6 Ranmm). PEoEE s G skt mbEeE C, ik
JEME D AZWFA] {FR(Cotton), 2228 (Silk), E(Wool), fk(Line), £ il £F4E (Polyester)}
AN, S5 % 4 T TAIL B RNAFGHE R v R o, F T 3E— k. Bdaken il
ZRAE (80 MREAS) FIPIASE (21 MREAD, RilJrEef o 8:2.

(2) SEHriife

IR 1 AT 5.2.1 *5 AHP J7ik SR W BCE, A BOinAUR e s & .

AW TR T 2 5 ) L SE Al s R e B B T R R e 25 i
P RGO 1K 20 AN RER AR AT AEN o € B bR E TG R SR
HENZR S RI (S 4G (OO &l (B). fiff (T) MFRERE (TW), dE—=D4
JE4a. Sl g — ANUIERE, 7 AR 20 NMEIRE, EFTR.
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AWEFEA, BT SRR CR 27T 0.08, RIARE S EAG & E —80k. A& E
Rk 5-2 Fios.

® 52 NES—BMHREER

Table 5-2 Weights and consistency test results.

Aspect Weight Criteria Weight
Friction 0.564
w1=0.105
Smooth 0.263
Surface CR=0.044
Regular 0.118
Amax=4.116
Flat 0.055
Elastic 0.272
Soft 0.107
Full 0.052
Dense 0.048
Static 0.159
wy=0.258
CR=0.037 Rigid 0.159
Mechanical CR=0.059
Amax=3.039 Draped 0.058
Amax=12.997
Flowing 0.025
Stretchy 0.013
Resilience 0.053
Flexible 0.027
Resilient 0.027
Warm 0.050
w3=0.637
Insulating 0.114
Thermal-wet CR=0.029
Dry 0.581
Amax=4.076
Breathable 0.255

AR 2: FET 522 WK AT RYEA RV RIRTZIE, SR S
AR 3 RN TIAEE, P S TAIL S0 — Sk &y ek se
AUR 4 T ZVE 7 B AIE SR R TR I AIE A B

5.3.2 SLIGEER

(D JEtgfgs R
AT IR AR 12 /K4 )& 1% (Friction. Soft. Draped. Stretchy. Smooth. Flowing-
Static. Elastic. Dense. Warm. Dry. Breathable), ZJ{&5MAR4LE/NEHIUET] 60%. 211
JE IEIBAHE v AN 0.92 BEFE A 0.87, RUIIREE B I RE 78 7 R S B 1, (R gaksb>
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40%IHFAE TUAY - DPSO 1) Sigmoid 2R MIEEUSSL, AR 8] WAL GURE S 15 2846
BE 9 pkh, A FENSGEE T 37.2%, ARG RINE 5-3 £FR.

*® 5-3 BMYEESR

Table 5-3 Attribute approximation results.

Bt VLR W 214 J5 MR rRERY
Friction 0.90 0.87 &
Smooth 0.86 0.84 &
Regular 0.82 0.78 %

Flat 0.79 0.75 i
Elastic 0.87 0.85 &

Soft 0.88 0.86 &

Full 0.81 0.77 i

Dense 0.89 0.86 &

Static 0.87 0.85 &

Rigid 0.80 0.76 o
Draped 0.89 0.86 &
Flowing 0.85 0.82 &
Stretchy 0.84 0.81 &

Resilience 0.78 0.74 5
Flexible 0.77 0.73 o
Resilient 0.83 0.75 5

Warm 0.88 0.85 &

Insulating 0.83 0.79 5

Dry 0.86 0.83 =

Breathable 0.87 0.85 P

ERERNZ, FEAMERES, R, B4 Sl BRI HGRER R A
WA R, R PR B O 4> #5817 (Warm. Dry. Breathable) #{{RF, %
HF 3K R P 06 230 43 2 LA AR R () [X 20 o 3K — 235 SR 5 55— 35 v o A i e e DA ik
PSEVPAN IR R BAH IR R, IF S I e A SIZ o fish o SR P 1 B AN

(2) FRZH8 5 — B E

TGRS, AR 155 MRS, i 101 MEARTH 87 4 (FHi#®
86.1%). “FIJE(EE N 0.89, FIEaE N 0.2, PRIUE = TN g8 SRR M. 5y
B ansR 5-4 Fis:
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Table 5-4 Interpretive mapping examples.

No. Rule Conf. Cov.
R1 IF Smooth(4) AND Flowing(3) AND Warm(2) THEN D=Silk 0.92 0.25
R2 IF Smooth(1) AND Flowing(2) THEN D=Cotton 0.95 0.37
R3 IF Friction(1) AND Static(2) THEN D=Silk 0.99 0.22
R4 IF Elastic(5) AND Dense(6) AND Warm(5) THEN D=Wool 0.98 0.34
R5 IF Draped(1) AND Static(2) AND Warm(5) THEN D=Wool 0.93 0.24
R6 IF Elastic(1) AND Breathable(6) THEN D=Linen 0.88 0.29
R7 IF Smooth(3) AND Soft(2) AND Dry(3) THEN D=Polyester 0.90 0.26
R8 IF Draped(2) AND Breathable(1) THEN D=Polyester 0.89 0.28

WSS 3 A R W, AN[EIA B 230 B W B BB R AR 2« 22 9808 8 R N =i
RAFFRIEM BRI, MR 2 BA PSP BRI R &S0 BRAT A
RGBT WITERORF S ORI & A 4E N 2 RN S80I B B HEFN R I
JERIE o X G I S B N SRAE K I fish v 22 56 O BRI ETE R, DS R R At
Al EALI TR S K -

W2, LRV S ERE RIS (B 5-4), WERIFIES Smooth
Rigid A 2 F WA, X S BRIV I 2 AL BRI TR R R RE /. A EEZ
&, E¥}5 Elastic. Full M1 Dense 5% AHK, B LAY RS, LB BE TR, 22
] 5 Smooth A1 Flowing & <K, AARIN 22 W45 A 1 G AL HE U= . iS5 Friction
A Static 35 KEK, XRPIHE A KR I EATRE M. KT RER, &5 0RE R
TR P A 23 AR D o X PR AN B 5 AR W DLUE R P T SRR A 22 oo T R
HRER, AR 7V AT LR 25 o508 He i v 8, A8 A B 5 B RS AR AR o AH DG A 40 #ir
g5 Lt — 2P EE s 3 B S 5 ik i D R — Bk

Smooth
- 1] Regular
Flat — <02

Elastic - 02-04
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I Full
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1 [ Rigid >=0.05
2 Draped

Mantel's r
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Stretchy 1.0
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5-4 QMM ERMEDIER

Figure 5-4 Results of correlation analysis of compositions
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(3) 7r3EtEnE
AR NGRS (80 MAFAS) RIS (21 MFEASD, AT, HRWE 5-5
FToR:
® 5-5 SrAMEEXTEE

Table 5-5 Classification performance comparison

Tk KRR Bz F1-score WAREHEE
AHP-RST 0.90 0.94 0.91 85.7%
i— AHP 0.78 0.85 0.81 76.2%
f£45 RST 0.83 0.88 0.85 81.0%

C4.5 Lo 0.80 0.87 0.83 78.6%

AHP-RST #AIEENMIRE (21 MEA) E, IE#I2I5 194, Fl-score 4091, &3
T H A7k, RHHAE KGR AT LS. ok, 2GR 10 2R
FEHEZR>0.90), REEH &2 ARG (0.85).
Sof b AR HE T, e AHP [RIERZ 298, WURBRE, BRI ASELR
FERE, Fl-score Biflk; C4.5 P2 5 DI RE], KR nFIHZ BIEHSE .
(4) FHMES FRENT LT
AHP-RST A BB Ees (155 %) BUMHBEE R, Mg RmE 5-6 fios:

= 5-6 ERAMSRENTEE

Table 5-6 Transparency and quality comparison

ik MRS EE FHBERGE ERE TUAR LS EL
AHP-RST 155 0.89 0.28 5.2%
B¥i— AHP 320 0.76 0.19 18.8%
f£45 RST 210 0.82 0.23 12.4%
C4.5 HRFM 285 0.79 0.20 15.8%

MRS BR S it E 7, AHP-RST JEIE 205 BIE AL Pareto ik, Wb HCR I
D8] 50%, BRI 1 IR T 15.6% 22.7%, TUR BB EEBI A FHRXTEL
FEHERIARL R, B AHP ARl AR s W (i 2 12 MFEASD, C4.5 M) T —
JETEmRSS, SRZ A EIRIEZ .

e 25 7 BT RS 5 A, I AR SRR VA A TR PR R T 2 AR B S 0.93,
BEETAESPUREER LS (0.85). X—45 RIELEA F R 2 4R EE EAERY)
R RAL P B, 5 5 R A I A AR SRR X N SRS i i R ) S 2 S — B

(5) MHAMESIE
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RFVERZE (DAD J7 1, K s N T- XS R SR, DA 5 87.3%, ez 4,
MRARR TN 4 IR, BRVIA R 4E5E 1 IREHA (BENRAE Y.

ISR A SE S (1 25, AL K. w18 5 M ER B AR AR, 2
RATIEE D VP 50 Wi AN 20 2545 GemLst o it 15 Jp b g i S A% sORIVR 20 s v
I, FErTERAAME BT MEHME (kM) W, 1-5 70, B2 15 Pkt
W, BRI P brdEsr A EREE (WU RABRTEND 563 GERAFES4
TR .

PR 45 B 7R, AHP-RST BB v B 4.3(6=0.4), & FEME: 4.6(6=0.3),1CC=0.82;
G ME 3.1 (6=0.6), 1CC=0.78. HH, R1 (IF Smooth(4) AND Flowing(3) AND
Warm(2) THEN D=Silk) #i\ BV B 22 Ji 4

(6) SR 73 A1 5 A RHE

FTE LA 155 Z5miirh, 2miti® (45 25), DRH SRR RFIMERFIE R H ;
MRS (40 2%) Z W0 b mumis; RIS (38 %) W KMk 5iES; BF (35 %)
G R 2E (35 2%) WU 4B

5.3.3 LER SR

(1D —HM5EE)

SR S v Aff s W - R 5 TAIL TN 5% 1. il dm, Wit R1 (IF Smooth(4)
AND Flowing(3) AND Warm(2) THEN D=Silk) 5 TAIL K% 5.1 —5, REEZKE
FNZL M A 22 JR ) AR, 570 —2k, Pearson AHZR RN 0.85 (p<0.001), FEiEmk
SO FRARYE . X Fh— R W] AHP-RST £ 308 58 TAIL fOfiRt

(2) BRI

AHP BUEMLAf S SR T = e @ M (40 Friction AUE 0.564), FHREEEL) & 2
BRILA (U Regular), $REFFWETFRE, RUFAR ERMAE I FRFMLE . soh, 5564
T TAIL B2 (F1=0.921) AHLL, ARV D SR (0.91 vs 0.921), #HUE AR
S, W R RSEMET R, TR L . MITERCRKE, DPSO Sk i £ i [a] A
FEGEHURESEI 15 AR 2 9 b, & & R BE AL FE

(3) MHEX

155 SR n] B T IO RHERM Cn “ PR E 2220 7)) A s (an 5 UK

<3 HEBRERL, BRI EGEME, N Tl R R g v Sk .

5.4 KEING

AREWEAE A AHP-FREERIR SRR, I T RIR R BLHE 5 2R = T i1 S 1k
ARG RE 4 3 TAIL HEZEA] ARREEAS R R R AR E AR 2 B 101 NMRYIFEA R
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g R, 454 TAIL TINSE R, @ik AHP (i EMALE 5 RST {230 2 WM, seil
TR FE 21 e kg B P )tk . AN N R EEL 0
(1) — M 5 R 77 o AR 55 Frfl 8 0 iUk IS AL i ot J2 XS (2 “IF Smooth(4)
AND Flowing(3) AND Warm(2) THEN D=Silk”) #ALIEM )k S HE, 9256 BRI FI-
score 1% 0.91, UHKT TAIL [ 0.921, {HELS BT B fENE (LXK PE0 4.3/5) FBHE
HME (4.6/5) mBER LM EE (3.1/5). S8R RIITEMEL, gkt
(F1=0.85) #1 C4.5 %M (F1=0.83), AHP-HIREERIAET AHP AU E ik 5 A et
JEPE, FERIF G DPSO Zfai TURRHE, (ML B M 300+5 G/ &2 155 4, B5/E
N 5 B2 53 IER T 15.6% K0 22.7% o 3% i 32 2 UL Bl [7) R A 1 A B 20 7 O v i 2 1 [
B = WL T AN R ANME
(DFEJTIER b, PrREAC 3 WA E — S L2 CR<0.08) 5 2 MAKHHE (v>0.89),
BRAE G FR K I TTER ERZE S TUAR . B — AHP (F1=0.81). %% RST
(F1=0.85) A1 C4.5 ¥R (F1=0.83), AHP-RST il B E MA@ EM:, R H
RST ZJ{&] TURFFE, (FMLTE M 300+ 181 22 155 2%, BRI MBS E 2 A5 T 15.6%
M 22.7%, WER SRR,
(3) fEHEEZM, Ml DPSO 5] Sigmoid BIEZIH, 84 faid LU SI6E FE # T
37.2%, E/DNAREIARGERE 12 D@ RN, WHBhRE T s A& BB L
(n=0.01) WEEENIZIEBE, BRI A XU 23.5%. Bh4h, 8 X H A5 Pareto 4k
PHTEEE CFY 0.89) FEHE CFi 0.28), MU HIRAEIERE 18.7%, Wil
PR e R 5 AT S
(4) fERLFHOME L, $REUK 155 2% IF-THEN W78 o5 86.1%MIkEAS, STRFmkk
MG F RS R 2 907 FUsEEs] (e BEER<S HRER) iR, R R
% 87.3%. & FK M B, AT FMRIE VS 4.3/5, S FRVE 4.6/5, BEN TAES 51E3.1/5),
B UE A AL V& % o AH LG TAIL B SRS B2 000, AHP-RST $& 4L n] #4F 1% B K4
HES VPN IS AL .
(5) EHREER. AZRGEESERM. B Sih. PR 5 25 20 M
R A R R, DR B RIS B X O B, 55 2 B BRI B X DA i A o
Wi s ARAE SEBR il A58 o B GBI R FH — 8, 1X P4 T 48 Ui R AR A R I 2 43
HE /7o
gx bR, AREFIEE AHP-RST IBA A D) MR W E s R 92 = i & Al fi
FEIVEAN ML, BOUEHLAE A E (F1=0.91). RFUERITE (DA=87.3%) ML ZL\n]
fE (4.6/5) ERIRERNE. X—mREE 3 B ELRMERE. 5 4 HE 2 HE8 0
S [FRE LAY T PPN () e B AR B 5% o il — P B G B VR IR HE S H S Ak, R —
B RGN AU 3 B, 5 4 EHARFERE R SEARERRB— N Rm5
TEYH AR BT SEBLRFHI)RE .

E_l\
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$ 6 E AMFRIFN R B RZEIZIT 55K

L TFIR A PPN 2 7 R LR U B BT 5T 07 7], A% G757 i MO T i o B84 5 53 1)
Pk i e, DU R DR ML XS @R B s iR K . AR wT 7ol 2 pir Bix
AREGHIZED e oX Lo Pkl 55 3 A EGEMMBALEEOR, #MEts 22 MLt EL
TRVPHIRAEAA &R, SEILSAYIRTE . R, 25 dhANR PR RE A At AR AL 55 4 BOF KR
(1) TAIL HEZIE I 2SR G 5 2SI, KT RAIF TN S0 KA i@ HERF 4
R, RT3 5 BRI A AHP-RST R A B ALHE T RIR A I
5 TAIL [R5 BAPE, A2 5 TO0I 25 5 e 5 — B i R E U o I J7 3R 20 T AERF LA 2
TS P AN S5 RS 2= T AT SRR, 3 [ M)l MBS R R B TR SRS N e R BORBE 2%

ARESEHIFKI KA T RO AT R G, K5 3 BERAERAERE 25 4 =)
TAIL ZBSHANS 5 %) AHP-RST W@ R Ihae R T4t — MG, BaE M
MR AR TR REAURE S IENRE SHRGE S, B siEL
BT AT AT ML ST R TR AR TR R 5 I RCR o« AT R PRGN ) IR AR S it Seall
WA, R ILAEL TR RS HOR

6.1 5|5

ZUY)F- IRV B AL VPN 2 4 80 975 2 b B0 7 R 1) S A3 o A% 0 7 1 A = T fh
IR 5, TRAERCRAG . A M M 2225 ) . [ R % T8 R G B
IR PIX L 2 3 BT 2 RERHERLAHESE, M EUEFIRA S 22 ML =
TeFEFR, JOUEAL BRI RERAE M AT AT (— 3 RE CCI1>0.80); 28 4 @il
TAIL HEZR 3 & 2 BASEE, Sl FREGT (MSE=0.258). 255402 (F1=0.921) F1]
BHELE ) = kS B TR, 58 5 ZAIH] AHP-RST AR 4R IR B A, AR Bl 5 10— S
FEPEMLS (DURCEE 85%), SRAMAEZSIM “HBAF” 6. XL SLILF BT
(R AR RS FE TN A 7 AR

AT W) H AR R BT I SE I — 3R A F VM A R, BEE 3 S AL D REAE SR EN
55 4 B TAIL FUWAIEE 5 %) AHP-RST R THEEVE NI AL 1, MRV L N AZ O
[ 8 Qe SIS T REARER ST I8 4T 5AC B R 2 dn i i T ARk ST SR T F PR %
Bzl RN B S8R BEM S, RGSCRLL T IhRe:

(1) MRRFIEFRRUSE L . MOTHREIE 0T 22 AN EALFEbR, SCFEH T HE XS5

(2) TAIL TR o BUSTIZAT Z RS TR, $RAETFIRPE 53« 2800 70 KA @R

(3) AHP-RST fRFEAREL . BhST A R PR PR ISR, 309 5 00 &5 SR 1375 BA 2%

(4) THEA. MR- R, RS R RN 5.

NSEIL IR H bR, AT Sa v B AR SR, B S R AR R Bk ST SR AR,
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ARG G AEXS BRI TR AL S T, HESh 23 TP B IR BT E ) Tk H] o

6.2 B IF IR

B RGBT B AR —AREE T &, B P A AR 75 R SRR B AR, (R
WS~ BRI RERG R RATH RGBT RIS, 2R
PEAab3, FERAEEM A AT AL o AT IR AR ARG . BRI A K ThRE T
6.2.1 EE{RZEHHER

B AL BRI T, A NThEE ERIAE B R R OER4Y, &4 i@t i i &
WA ME, B E A S KRG M. BARZR N 6-1 AT .

INBEER (Feature Layers)

P SEAFAEREN TAILF AHP-RSTHERE
Visual Feature Extraction TAIL Prediction Framework AHP-RST Explanation
B 22 MR R{iER B =ESES B AREE
B SRERERS B = EEFEINK
. 1 1 H
MBsEREE | | FousER | RIS
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\ | ]
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\ 1 ]
\ | /
§§E (Intera\(\:tion Layer) ! ’,'
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6-1 B RGERLEE

Figure 6-1 Software system overall architecture diagram

DRtz Wd =N, 7 SEBUALSERAE SR . TAIL T AT AHP-RST fif
Thg, SCRFRAIEAT S5EdE M A S .
Rz RSB, RS HRRER, AR LS SH0R%E.
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BRGNS IEAT, R ATt im i, Bs e el e (n CSV. NumPy
W) AR, RHZRMSTEG R, B E R G

6.2.2 {BHRIS S THEEEH

BT 2510057 VA F RS MRS UL TAIL Tl . AHP-RST fi#
BERTHAIAZ B S AR . SR Th R R T I T

(1) A RFAESE U ER

Dife: M EMEARLATH A SR I E R, AN BRI .
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SR WmE 6-2 s,

RYFBTHRE - MRASERAURR
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1.0
0.8
0.6
0.4
0.0~
229 llREHIEIR
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Figure 6-2 Visual feature extraction module interface diagram
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RUHER: (I “EGEFREE . SRR SHGOR (1 TON 25, e D,
FrisEEInE 6-3 fos.

RYFRITHNHRR - TAILFUHRIR

TR SRS
FETH KR TONER: )
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6-3 TAIL FUNERZ ERERE

Figure 6-3 TAIL prediction module interface diagram

(3) AHP-RST iR AR b

Dife: ML TAIL TN — SO R, 3w ah SR & I .

Wit: LR 5 TR AHP-RST IRABIAL, MNBEE WA TAIL T4 R, $UT
AHP BUEANAL . RST B IEL BIAARIZSR, Yt R e (4 “ Smooth=4, Flowing=3
—Silk”) . XFFEFEESEHENZATRILE GRABIE 0.85 F10.2).

S EEWE 6-4 Fis.

(4) ZH 5

Thee: BEE A RHESEEL. TAIL TIUFT AHP-RST R 25 5, $24EH P
A H IR

Wit R S RIS, SCRRES BTN EE CHnREAEAE 5 TR H #4
KD, Z¥0R% (nEfEERE) Ma RS H (CSV/PDF #8200, fRAMEIUE D RE,
VFH P U E R A RIS R .

FHREEWE 6-5 iR,
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RUPFRTNRE - AHP-RSTRERFRIR

FRFE(EpRGY AHPIERDE

e ES]| HiEE BaE - -
Rough=2, Heavy=4, Thick=3 Wool 0.88 0.22

Soft=3, Light=4, Elastic=2 Cotton 087 0.35 - -
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Smooth=3, Flowing=4, Soft=3 Silk 0.90 0.28
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Figure 6-4 Knowledge discover module interface diagram
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Figure 6-5 Interaction and visualization module interface diagram
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