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ANALYSIS AND SEMENTATION OF FOOT
CHARACTERISTIC OF YOUNG MALE BASED ON
THREE-DIMENSIONAL MEASUREMENT DATA

ABSTRACT

With the development of science and technology as well as the
improvement of living standard, people put forward higher demands for
the comfort and fit of footwear products. Due to the asymmetry of
information, companies lack a refined understanding of the foot
characteristics and proportions of different groups. Therefore, this paper
collects the data of young men's foot morphology variables through a 3D
laser foot scanner, and adopts mathematical statistics to filter out the three
feature variables with higher weights, so as to realise the foot shape
segmentation of young men based on the feature variables. And the neural
network technology is combined to build a foot segmentation recognition
network for this group to improve the efficiency of foot segmentation.
The specific research contents and conclusions are as follows:

(1) Collection and processing of foot type data of young men.
Experiments were conducted using a 3D laser foot scanner to obtain a
total of 437 data records of foot type data from young men aged 18-25

based on four dimensions, including length, width and height, and 19
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original feature variables describing foot type, such as foot length, foot
width, metatarsal toe circumference length, arch height, and so on. To
ensure the high quality of the collected data, null values were deleted and
the top 95% of the data were screened out based on the distance method,
and the final sample capacity was determined to be 415. descriptive
statistical analysis was used to gain an understanding of the overall
distribution range of the data set as well as the fluctuation status. The
variables of foot height morphology of this group showed a larger degree
of dispersion overall, and the variables of length morphology showed a
smaller degree of dispersion.

(2) Extraction of foot characteristic variables and foot type
segmentation of young men based on 3D measurement data. R-type
factor analysis was used to reduce the dimensionality of the foot variables,
and four principal component factors such as length, width and height
were extracted, and the extracted principal component factors contained
about 81% of the original variable information. The factor loading values
were analysed to determine three foot segmentation variables, i.e. foot
length, metatarsal toe circumference length, and arch height. Foot type
segmentation was performed using the K-means clustering algorithm, and
K=7 was determined based on the elbow rule of the gravel plot, which
ultimately classified the foot type of young males into 7 categories, i.e.,

short-thin and low arch, long-middle and low arch, short-thin and high
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arch, long-fat and low arch, short-thin and medium arch, long-fat and
high arch, and medium-fat and high arch.

(3) Using neural networks to achieve foot segmentation of
young men. Through preparatory experiments to test the impact of the
number of hidden layer nodes on the performance of the network, four
S-type transfer function combinations and nine training functions are
selected to build 36 segmentation recognition networks. The performance
is evaluated based on the number of training times, segmentation
recognition accuracy, and training time. The results of the preparatory
experiments show that the segmentation network has the highest
recognition accuracy when the number of nodes in the hidden layer is 100.
Based on the training times evaluation results show that: the training
function trainrp with which three kinds of transfer function combinations,
the number of training times did not meet the preset number of times, the
network structure is not stable. Based on the recognition accuracy
evaluation results show that: compared with the gradient descent method,
eight optimised algorithms build a network with significantly improved
recognition accuracy; when the transfer function is a combination of
Logsig-Tansig, the recognition accuracy of seven training functions such
as traincgf and traincgp is higher than that of the other transfer function
combinations; there are four combinations of which the recognition

accuracy is greater than 95%, i.e. When the transfer function is

Vi
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Logsig-Tansig combination and the training function is trainscg pairing,
the recognition accuracy is 96.1%, and the training function trainlm in
addition to the transfer function Logsig-Logsig pairing when the
recognition accuracy is greater than 95%. Based on the training time
evaluation confusion matrix segmentation recognition rate higher than
95% of the performance of the network structure, the final determination
of the optimal structure for the transfer function Logsig-Tansig
combination when the fixed change of the variable gradient algorithm,
the network structure of the training time of 4s, segmentation recognition
accuracy of 96%.

BO Zeming (Materials and Chemical Industry)

Supervised by Yuan HuiFen

KEY WORDS:3D Laser foot scanner, young male, foot characteristic

variables, foot type segmenntation,segmentation idetification network
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J& TR E 2], s SRR AT B IRAEAX,  [R]— 2R H i A [ S ) ) R B A

HAHRRE &

HARRFET

(1) ETse8e H N R R K (H.

(2) BRKAREPLHHNCL Cos 5 Cs BEFEAFCANG, N2y
Nk,

(3) SRR B A X H SRS CRE,  BE BRI 3 &I 5 A [
_—

(4) FEHRHEA L Currr Crnt LRI Cu T 285 K008 2R 2O M

(5) HE MM 3 MR 4, BB Co BN BT IS B KN GRIKEL

2-1 NHRFEH K=2 ) k-means FIL I B a NAIIEHHE G ATIRAS

WK b Fron, BB RSN 2, BRI kRN SR RR R B

WS REPOIIEE S, SR — IR, W of, SRA MBS0 ) Ei e
I, IR BN ERINGRREEIRI pOAL B A, RA T
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(a) ] ) | O .
s = s = -.._:-:
() . (e) .| @ i
(B 2 R
s i 2t

o i T 2

B 2-1 K-means H L7 #2
Fig.2-1 K-means algorithm classification process

2.3 BEAKL

AR (scree test) T LARRAE i 50072 R Al v H e AR 1 SR K4 . Kaiser
P, PIE I U SERAIE B AR Aok e R 2R B30, S 3l e vk T ke e
K-means 22 H2 A0 7 08 K . FHSVE TR 2 AN SRR B K 1
2P )7 A1 SSE (Sum of the Squared Errors) , R % SSE #fi € it RIS H & K E
321, 0 AR A RRHE K EK, FHERMRIRERE < BE K,
AT 35035 22 7 D7 RSB R s SR 24 ko8 3 e P SR A0, Hicdia 4 Xl Bk 4,
FEARZ T A SRR AT, 0 REiz 287 J7 Al o e KR R B RO 2R T
B B2 TP 2% o it — 2K k BTy KK 3R G AR FE R A A s/, AT A
RN IR RS . Hh)S, BEE k EA4kEE K, RET ARG TR, %
5% S AT IR (R ot 2k, G o o I 1 K A BRIV B (R R TR R
Ji A SSE Wit B A Nk 2-4.

SSE=33 .,
i=1

A, GRS, p RRTIITARARL mif GRIFO (CHITaE
AREEIED -

p—m,.|2 (2-4)

10
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2.4 BP & MZE KR IR

2.4.1 BP #I&Z 4R E AR L5

BP #1424 (Back Propagation network) & McCelland 25 A\ $ H! ) —Fh 3 T
R IR AL AR FIEL 1 22 2 N ARG I 45 0331, 12 B3 5 A o 22 TN 4% D5 2 1 — o
FREAFEEA . BP MAMSEL] ARG RiFERE, RA®EHEN. H
FOIRET). BB, NS SRS MRS ST R R R, BT AR E S R
KO, H T, BP MM L ] DU IR RS sEUZ T R ORI M 25 R SRR,
&N A R R BERATSs: 25 =, BP M ML T R a & FE kI 2R 2%,
PASK REAE A Rk 1 5 1 2% 2 B DU /M 43 S8R 22 1T H. BP #1422 48 il D
FT V1 2 U 73 R I R, A4 BRI, B 73 2800381 SR 43 80904 . &%
BHIE, VI BP #ZE 48 R AR A 55 M I I A A S RO

Input

2-2 BP 14 X 2% £t ) P

Fig.2-2 Back propagation structural diagram

BP #1448 45 MR U 2-2. SR WIAG S 508  JT AR TR 2
IR AL RE . BUE w FTBIE b R B Sk SEIL 5 4 59 1 0 R B 40 2R . B
TR AR R

(1 BB M5 H M 2 86 S 51l

/e newff BREAIE ML, WEVIRSHE: filinE P, filiHE T,
MANEZREE)E BEEER 0% RE TR, TF2, JIZkK% BTF &2
101, FUG 2 HoRE JLAN& 2-1 B

11
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2 2-1 BP &M ZEI06 ¥ B S8

Tab.2-1 Back propagation initial setting parameter Tab

SRR ZHWE
B 4% newff(minmax(p),[P,T], {TF1', TF2'},'BTF")
TR YIGREAT R net.trainParam.show
= by e S net.trainParam.Ir
R INGR IR EL net.trainParam.epochs
WIERELRHE net.trainParam.goal

(2) FrFETHE A AR 7 R S R R, 15 RIRIIR1E
R R AR 25 2, Al R s BUE B BB AT A T
TR iU LU DR vl e o2 4 G Y L L R - F /AW Tl

Ly 1

S.=> w,X -0, (2-5)
i=1

B, :f(Sj) (2-6)
Hor, WHRERENT - BEMaimA, BaesEE RS RN EE w
N, BMEDb NG, SRR ERESRIEAESL, fOEsEmE, B
[BEEEEE ] S
HUCR RS B E R es 2z, Zoa= k.

Lk :Zythj _eh
J= (2-7)

b, BT R HZHOACEE w Ny, BIE DN 6 « ZREE LR

E IR R B 25 oA Le o $505F B2 J2 0 4 H o A2 36 R 800 5 4 oA
Y.

v, =/(L) (2-8)

(3) BT R KRBT FEAME S HAnH A R 20, 351K R e iR
85 Hbrfn B Z AP 7. an=t 2-9 frs.

1 n
e=EZ(Yh -T.)
= (2:9)

(4) iRZ A4k
Ak PR 22 S [ A R AR X 0 K o BB 06 P A5 SR AT S Al A% 3k, BB AL L {EL AN

12
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BRE -
x(k)=x(k-1)-n* grad (2-10)
ﬁ*,ﬂw:%ﬁ%%%ﬁﬁﬁ¢%ﬁ§ﬁw®ﬁ@ﬁ%ﬁ%k&ﬁ%ﬂ
fH &,

2.4.2 BP 1REZ 4% 1515 R 2

3 R AU BP 4 I A Gy 2 —, RO BOE AL, 2 4
FISZ AL RE T DA B 2 (i A BRI . TR, 5 MR A0 S B 100 8 375 bk B A% 33
BRI K AH SR ST IR 285 R HDL 5 1 B LA S TR i) e e 1420 A% 328 o) 0 e Tk R A2 B A\ B0 1)
SE SO PUESE T, B S A B8k, DO R AR 2 T B R B B R A
T LR,

BP #HZ M 4H RH S AR BT RAE, LA S RUAEIH bR BUCE P Logsig
- log-Sigmoid ! Tansig - tan-Sigmoid!*, (B3GR LR THE A Xk 2-2 Fis.

* 2-2 S AL KBS B
Tab.2-2 S transfer function information
e 1% BRI PRI A4 R HIE THRA
Logsig - (—oo,+00) i, [H (1) K0 H8 1
logsig(n) = —
log-Sigmoid WS 2 X (] C0,1) l+e
S T e %
Tansig - R R HIE -1L,D
tansig(n) = -1
tan-Sigmoid X 1] 1

2.5 BP I MLEIIZR R 2

BP HIZ5 0 26 BB P2 T P2 7E B L I PR AR R — S i, BN gs G BN
JERBARAE . W SIoH FEAG S5 i JRIAS), s 4 43 R S Y (R P e 5 R 28U

B R RS B T LR BP #R2R £% BL I s, B RPROP B8
PEFL: . CGBP AR BEFESE . SGD BEHLEERE T RESNE . AR . LM Bkl
2.5.1 RPROP 34 53k

s FH B P R VR AT A1 A0 TR 8 IR, 2 BRI 2R 7 R o b
TrAl. FREEIE H bR, BEETRER/N, M2 KK . RPROP ik (resilient
back-PROPagation) #£%J LA ildl, $&H T =FE i IE 72,

13
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AL AT P UCEAE R IR BT AR AE AR (R A1 00, S IAE IEAE s A BE
ELR P YR ARTT AR SN, Gk R PRSI AE s AR 0, JUERFFRL
HRME S IEAE AL, DA RAE OGS B 1R 08 « A5 (ERUE B IE P AEAESR S M L
) 7 33 24 /NS A 1 DA e b 3R ]

L AL R IR T [ AR [R] IR 146]

Ax(k +1) = Ax(k +1)- sign(g(k)) = Ax(k)-k,,, - sign(g(k)) (2-11)

R PR U AR IR B 5 T A 5 I 147)

Ax(k +1) = Ax(k +1)- sign(g(k)) = Ax(k) -k, - sign(g(k)) (2-12)

M ()=0H

Ax(k +1) = Ax(k +1)- sign(g(k)) = Ax(k) (2-13)
Hep, (O)NE JGENBEEE, A () WBUEERBIESS ORI EIEE,

R T R T

RUETE Rl —BAFE LSRR, LR B AR 3 n, ANTATHET T B
I 252 R AR 5 0 T 3 AR 52
2.5.2 CGBP TH#iEHE X

CGBP ZZH# #5135 (conjugate gradient backpropagation) 24t ik N f& 4L
WSS FEAS LA R I RN [R1 K 1 il R H R Ak B2 2 — o« CGBP A8 B ik
A DLRGIE AR T ) 784k, i — D3 s I R A2 v R WS S5O e

I AR FEE S GRS VR A B BERR N B 77 1) JT 4R 48 R 1:

(0) =— (0) (2-14)

2 JE IEAR T 1) Ha s P ARG — IR A% 2R T Tm) e ] e g
x(k+1) = x(k) + ap(k) (2-15)
plk)=—g(k)+ (k) p(k—-1) (2-16)

AF,  (O)NFBE( + DIRERPERTT .
Wk 2-3, ik R () AT A B Fletcher-Reeves & 1E 5 7% DL K&
Polak-Ribiere 12 I 5% DL SEI R I 25 55005 B IS SO B

14
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R 2-3 BB IES R RBUE L

Tab.2-3 Variable gradient correction algorithm coefficient definition

75 AR FHPBK)E X
1 Fletcher-Reeves 15 I1F 1k ()= ( _(1; E )_ 1)
2 Polak-Ribiere 1&1F 51k ()= A( (_1_)1() (_)1)

X BT B KR 5, 18R 7 [n) 2 o S s e S A7 e A B BE D7 [y, JEES
S S BLAE I 2R O Y 2% 2 BORUE A 55 1) 7 1491, Beale 1 Powell $ig H
Powell-Beale A7 5%, fEMCE I A, #6EEH 2 F
8" (k=1g (k)| = 0.2]g (k)| (2-17)
2SR A — € IBE B SR A AT R R 7 [ SR AL. Rt FESE AR E, I
I B 2R = .
2.5.3 SGD FEHEEE TREE X
SGD B ML #H B T HEZE I LK H M &M KB —HETE
Owr p-r @), SZHHRE SN, B
0(6)~0(6,)+(6-6,)-0'6) (2-18)
X 2-18 /1, 0 CH; BEERES, o&ikofERr, {15 J0)/NT JOy-
N T ERIE FIS AR T S HCE A AR SO BT — s L, xR
HUHE — HFEAR AT U E W o BT LR E T B8, SGD FEUIZRm KB R .

2.5.4 SIS E
Aeifiiyd N FE T Hessian 28 P 1 — M AL 52 . Hessian 5558 - S8, HAZ

DA 2-19 FioR.
x(k+1)=x(k)— 47" (k)g(k) (2-19)
Hoe ()OS K RORBE M ENERUE: () e SONEE K BB
BEs ()58 SRS K I BERUE LA S AR BLAE (1) Hessian R o
A(k)=V?F(x)_0) (2-20)
SARRA REVEAH LG, AR U2 W SIS SR, {H R B B MR K
Hessian JFETHEWAREINE 4. T, #4175 (Quasi-Newton algorithms)

15
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P # i ] Hessian FI05E /0% Hessian [, IX R 0T DLk G B OS2
AR ()30 E
(1) BFGS Hik
BFGS HiE 2 A4tk — M, 1% 777222 Boryden. Fletcher. Goldfarb Fl
Shanno M IESLEHI G PR BEGS I M@ —A> nxn 4EH)IEE R, AR A
7 B 7 1E E R R R SE T AL Hessian FEFE, AT RIS & DAL AAE R . Hrbn
G X B AUE RN BB B . S LT BR R N R, 8 SIS B
I HAE — e e 4 ) g b SR I0 H B PR fE
(2) 0SS 5z
0SS (one step secant) FIEAZ AL TR OEACHT J5 Hessian FEFE B A
— Bk, TG 7 A7 i 42 B Hessian FERE, AL 1 AE AN TH B SA4E B,
Gb, EFEHRERIT AN, LRI RAERRY. Fi, 0SS FikfER kA
FIr 7 BAFAE AT T SR TR T B B A A i SRR 2 T
2.55LM &%
LM #3% (levenberg-marquardt) iz H BRI ENE, RNF K HIEE
H Hessian FREFITHFE & . ZEERZOARXINT:
H=J"J
g=J'e (222D
x(k+1) = Ax(k) = [T + wI [ T Je

Heft, HA—W ST . o RiRZERE, ANJE R

Mg 221 ATLAEH, LM GREME B + % ¥: Hessian 5%, B4
TR BB EE B R, SUARIE BT AR A B T o S R LB R A
[FI I LA 2R R R R AR . AR TR V. 4R R %
JRaT 0 I, KRR K B R R, SRR R Bk i K052,
2.6 KE/NLE

A N T A SRR T B AT . B, DR T MR L R
G343 WTVAE S2BR S F o ) R AR P S A, T LU SRS T DR T4 W AT 75 4 5
PERI I A R (PR 4 b T . HOR, AR T 5T BP P2 46 5 B (040 531 3 I
S I )P BRI IR . MR N S0 S 1 S B 10 2 37 B K logsig

16
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- log-Sigmoid. tansig - Tan-Sigmoid P S %Y 4% i3 bk £l oK 52 I AR R 14005 AT
MTERE . BP 4142 W 25 b i SRV LE SRR F AT A A WSO FEAS S5 B i, 10 A
#E BP #1248 S (A JE SR X 1 8 R4t AL 553k, Bl RPROP 3 5% . CGBP
BRAFERE . SGD BEALEEFE T FREE. A WRE . LM Bk, SEEd i xt teA
[F 328 )11 5 R B R 7 22 ol BP 120 I 44 485 g 2 R s o ik BB s DL O 4T 40 31 X 2%

17
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EIE ZHNEREHRESLIE

3.1 5|8

] Py &b 25 2R FH 22 Pl e 7 2O R e N R B 11 22 24 T 35 R AT ik A &
o Horb, =4EBOGIIAY R AR B RS T v BRI AR B A L
S BE Gy AT AL S Oy I E T 3 SR, A AN R A RSB B
V) 45 5 2R )R s NIV 1 2 070, {H 18-25 A 2 3541 S ML I T 25 A
WAL o R T A AR SRR, SRI0 0 = 4E MO0 Y 3 DCREE T
43T NMEETKEZ . BT 4 MR, . JITE5E 19 4> 18-25 5 H4E ML
JERZRERFEAIC S I 19 AL &R S 2 A T i i A =
s X RAE IR IEAT AL EE, £ = A2 40 43 R HE T
3.2 HIEAIRE
3.2.1 EWRE

SCEG A FH LSF350 = 4EHOG A R AU SR 18-25 Ji %0 5 4 5 1L AN 2 I
F R . LSF350 = 4EWO AL G # IR BN R A O s A i
KA S RG: — HWEESBIRMEN KA 30 A, KER|ME
R B Bz, WEHEES ERGE . A OOR = EWE 3-1 Fis.

& 3-1 LSF350 —4EROG I OUR B

Fig.3-1 Three-dimensional laser foot scanner schematic diagram

18
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322 IRTE

NIRRT F T VE B B T AN RFALE , S50 1 S U 2 (0 R R 25 A B S
O 53 TR R PR iR A A

AR I AN AR AR 19 NI E AR

(1) [ 57 37y B BELUE R A AT R IAT B 55 B bR i GB/T36935-2018.

(2) Fp A N BT R [ 5 o7 i B A A G2 Al Ja R A O BT o [l e AR 41
GB/T3293-2017.

(3) [E AR AR B B B AR R IE AR &
D 0 A B P ETRRAK DL I 3-2 T 3-3, LSF350 = 2 185 280 = 8 43l 2 J
RUAR & [ IR 3-1.

5
‘ ey pt: TR T
6 8 i 7 ——— }79
O\ | A
-
3
2
1
B 3-2 I AR R T
Fig.3-2 Top view of the foot measurement variable
18
17
12
r 1
15 1310 16 19
| - — ﬂr-‘

B 3-3 A e A A (A
Fig.3-3 Foot measurement variable side view

19
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R 3-1 JIERSAEE X

Tab. 3-1 Definition of foot morphology variables

K5 SRR AL

1 K TRy S5 BB P 525 Y I 0 32 D K P

2 BN K VIS 7 R A 0K P BB ) U 0 22 ) K P

3 B BRREERAIKE VIS 2 7 160 55— B B R T 5 DA S 52 1 K

4 M 5 o K Vil 2 77 160 PR 8 8 B A

S ETERRLAK ISl 22 77 16 58 L B S T A R A

6 T 5 85— BB FEL 55 15 56 T B A1 58 2 AT

7 T P WL 4 P 05 3 SRR A 320 1 TE VR 0 45 5 B b 4 0 B 2 A0

8 D 5 P TR LB 5 /N B S B B P AT

9 B 95 JEE BR A 552 oo O LB B PR -

10 1 AR H A B T £ 8

11 B L SEE IS DA 55— B S T AR B o T L G

12 T B e o o7 — PP K B, FL B A 0 L 00 T 2

13 B T BB % 1 -8 T 1 5

) J— S5 NN S R L, T A P R AR A A
F 5 40 25 S T 1 ) K

15 b EE 25 Bk R P

16 AN R SR 445 %% B 900 T £ B

17 LB K ST 5 R AR 25 T £ P

18 B ST e R T BT BB, ST KTy T

19 JEERGEE J DR 0 5 T 199 B 5

3.2.3 HIER&ERIE

Z 508 M B N BCRE  BEILA B B HAEE % 6 4 H ARCE T
P8 B ER T2 R SRR 4 B2 o e = RO IR S AT 5 4 0 M BB A R

&, SRR

(1) AN 7 7 BT B2 AR, SR s, XU LA b,
(2) BEANARGHEA G, 3777 3D IR R g o, Wl 3-4 fos.

20
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(3) BEATZBRCHE, RN E . Nl 3-5 (a) , FEEAEIT R
LLLk)E; Wi 3-5 (b)), E8 JEIBEANIEN S BRI HA 1) R IR AR TR ELA1 4R

(4) BEAT I, SR s S AR B 2R DR 2 B i AR RV LA 3-6.

(5) FAMiEpa, HEEREL, MELIRRER, FHmis.

(6) HERmH AL . BRI B R AR 5E Ja AR B8 A A T 2
BEATTH A TE AL, T 4 58 SR

WiD{EH 5 iE3DHB RS

Welcome to eFoot 3D scan system

Bl 3-4 R4 F5M

Fig.3-4 System main interface

(b)

& 3-5 LHRMEREE

Fig.3-5 Schematic diagram of posture calibration

21
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3-6 FAMILFEH

Fig.3-6 Scanning process diagram
3.24 BIBESSNHE
SEIGRT A T VR 19 AN R AR R AT SEI RO R A, BRI T 437 MEA
WK AT KB IFE AR S5 2 B BRI oK, 7 AR I &= 100 H
(I 22 AR A Fo VR 28R i S FE AR 2 B N R/ S3),

2
N:(l.96o§j
4

P NOUREARR &, SAFERMIRERE, ANHEARRFRE.

TSI R 19 TR & AR bR B B IL R BT U B, AR A BN
246, AIRFIHAEIC R N=437, HAEEEEH LS EXK, 7TUE
Rkl S TR (R AT FEME DL R4
3.3 R TAALIE

AT R AR I AL AN 4 TAE 22 W0 2t SRR I B T S a3 AT B A DA
WAR M TALEERY, DU ORR AR M AR IR B8 E . SRERTRTE 19 MY
AR L) 437 2 v LA AR S RS, T S U i D A o LA A
ARACIR AU o 5 AR DA S S5 05 (L FFAD HH 30 PT R R T 182 4% g o o kR 32 R
LW EEAHE F 2R T XTI B R ALt R AE, R BRI R 77 Ak
B T T EE AR L S AR, AT IS PR SR AT ik o 38 I P R
HAR, JEXEAR AT HET , T 95% M8 . A RAEAR Ry 437 MR T,
35, ARSI R BN 415 4.

(3-D

22
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3.4 HIREAYHERE DT

XA I PR AR ) = 4RI B A B AT FR PR et o0 A mT DARE Azt b 1
FEARE 82 1) 73 AT VO R R B AR B HIORE . R R 4R HEE S h AR B I HUE e
FElL, R DLERR SO 7 B S U . i ORI, Rom iz A BB 7 A Vi
WK, B ERGE; ABUNMIR R IZA BN BUE A VE BB, SRR
BUR o At 22 ] DA B [ Se 3 (B A B BEORE JEE o A iEZ2 R, RS FEASAHNS T
PRI 73 HORE BEBOR, K (V0 I s 1 bt iy s T v 22 /N DU e o 2 00 43
TEIE, B R, AR5 RECE b EZERR DI EARBIR SR, EHIRH
B AN [ A B 2 T A A 0], DT SE R L S 00 10 10 AR 2 A e R BB
BB N B HIORE EEATD T H(E RO ez, AR 57 AR UL/ IN U 3 s B8l 1Y) s T
FEFEANS BN 8 THRASR, 2 R BRI R R =R, BRI SR A
A ) B AT i SR 23 BT AT 7T

K32 FAMBENGHHR CRAL: mm)

Tab.3-2 Statistical analysis Tab. of each foot type variable (Unit: mm)

AR TR BAME BKME WME A ilEE TRARN
JEH 2274 2856 25574 582  11.19 0.04
R AN S 2046 2566  229.64 52.0  10.03 0.04
EBRBAAKE 1615 202.8  181.68 41.3 8.00 0.04
I 53 A K B 93.3 117.1  104.85 238 459 0.04
FRERARAKE  141.0 177.1  158.66  36.1 6.99 0.04
K7 85.4 107.7 9635 223  4.69 0.05
I ] 5 81.2 105.1 9244 239  4.89 0.05
Bk B 60.0 105.8 88.31 458  5.97 0.07
IPER o P 38.6 100.8 7867 622  6.40 0.08
B = 7.0 22.9 1139 159  1.86 0.16
EINEERS 2135 2671 23784 536  10.70 0.04
JEE 210.6  271.1 24020 60.5  11.49 0.05
HiT B = 49.1 69.3 60.06 202  3.82 0.06
B 2.6 44.7 1736 7.13  42.1 2.43
F B S EE 70.3 93.7 82.70 234  4.67 0.06
AN T S 17.5 81.5 51.84 640 897 0.17
FRER K 292.1 3603 32333 682  14.03 0.04
R 220.8 2878 25098 67.0 11.80 0.05
Je R R 13.5 29.6 1992 161 281 0.14

K 32 w15, FEBEMKEMELLE 255 mm A4, B ERMAE

23
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227-285mm; HAERE. PRUEZEANAL R R H0r )09 58.2 mm, 11.19 mm Al 0.04. #i
Bk FE S BB AE 238 mm AeAy, 1% & R AL KBRAE 213-267mm, Hi4skE. AR
HEZE NS S 25050 50 53.6 mm,  10.70 mm A1 0.04. & 5 = IHMELE 18 mm /£
A, BT EPNEEITE 2.6-44.7mm, HAFE, FRiEZEAE R RE5 5N 42.1mm,
7.31 mm 1 0.41. S56 78 5 REUR AR &b A8 7 5 KT DY A AR KR 2 5 e
243, SMRE T &R mE 017, RS 0.16. FIRR AEE 0.14. HEHA R
B/ INTRT DAL SRR K IS AL L I IR AT S K, BUE N 0.04.
gk bRTIR, AR S AR R B R SR B R A R BRI B R R . A
b2 T, ALK BT AS AR 2 I B R RS . B LR G A AR L bt
ZERIAR 7 28, FRATTRENE SE AT 1 ARAICHE 00 B OIS L, AT A 5 B ) B 23
ARSI T A (R4
3.5 KE/NLE

T P R T 2 2 P A R AR TR AR | e 1 FA B DA R B A
PR HHR . BAAN BT

(1) SEEfSH LSF =4EBOCIB, BT, SR, mEsE 4 M
B, K BITE. RS S 19 MR, RE T 437 MEE SRR A
VS

(20 WHHEER H ISR IAEBEAT M BR AL 2] JF R F PR B2k AT S 6 A 10 7
e, TRET 95%Midsk, AbFEJE IBHRAER 415 M. B FIIEDH 1 bR 2 A
FEAR SO VPR 22 B 5 SR 2 =00 S L BT K

(3D 383 I 2308 75 4 5 Mk 0 2 s 4 A B BRORE P AT T . T
25 SRR W IS v B T AR AR RO BRI B R R, K BT A 1A =
EIBUNT B R

24
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£ 4T HBEFHERNRES

4.1 5|8

SRSHREIBG ]  Ab AE P AR L R 05 e DA % H b v Bl b I 2R A B RO
Moy GUMERT R, ARESIEd, LLES 3 S oRENARYIE NI, R KT
BTt 75V, RICE 8 5 M 2 B I S 2 RO, SEILH 74,
R L E B AR IR A G oy AR i, RO BRBEEG . R TR,
SRR SRR 22 7 R, 2 P, WS I A T ) A e 4 A o 40 )
ZHoils 5B K-means AHE, DURK. BHBEREK. & 5 & EIE N RBEIEN AR
B, AT HARERAR RN 5o IR, AT TCAE BN S SRR A0 R
[R5 e SR BEE T B B4R
4.2 PELEALTE

RIS RGAR, o4 ol 408 R BURD Q AU AT 7. Mk 5
G R R R, BT R BE T8, MR SRR, BT Q AT,
SI LA = 4E RIS A5 B AR R S0 G, RIS A Rl bR UAR B (R AR G
PEo WS LA E 7, BRI B PR 7 Eob T G I B AR E
B, SR o R AT DU G SR sl A, SERPR TR LE . SREG N
BREETHEI WAL &, B s SR 19 4S540 & AT
R U 74
4.2.1 PRAERTIT

I H 0BT 2 B0 AT KMO AT ELRERIRFERTE FBEA 38 (KMO and Bartlett
tests) 5o ZAGER N T 2w A E T8, T RIS R s A T
ForHT. KMO K3t (i BUE TS N[0-1], 24 FT 4 28 & 10) ) 1 5k 5 R 5007 J7 Al
KT RECE RIS, KMO (HEAE T 1, KRB R A oE, [
AR B OE G VR T4 s 2 BT 78 R 1) [ 7 SUAH DG R AT 5 I 0 B, KMO
BT T 0, R T WA SCIERRSS, J5A A S AE S EE T Arte. H
H1, Kaiser 45t 7 KMO a3 brifE: Wik 4-1 Pios:
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£ 4-1 KMO 156 btk

Tab.4-1 KMO inspection standards

KMO BUBETEE  KMO<0.5  0.6<KMO<0.7 0.7<KMO<0.8 0.8<KMO0<0.9 KMO0>0.9
AH M ) Wi A 55 AH IR 55 A — M AH A 55 55 AH A 55

EF FIHFBRFEAG G (Bartlett spherical test) & 77 84N 28 & 2 A A S AL E ()
R0 1% AR R HAH S RBUE M R R, 8 B SRR B AR Ok REUERE 2 — A
FAATHERE, BUAHSC REGEREXT M2k B A BUEES R 1, Pra e ML ErEuE
#A 057 ELRF IR IR A 56 1) 8 v B A AR A D¢ R B B 4T 21 A5 2. 4
RZEBOR, HGEHEXN N p /TR LA B R E K (AE0.05)
T BZAE A JFAR B, WNAH R RECA AT REZ B, RV JFIR AR B 2 A7 AEAH OC
P, d@aTEET 2 SUAE SRR T2 8,

F 42 KMO AR R
Tab.4-2 KMO and Bartlett tests

ELARR R REER T B A 50
ERRTT BHEE B
0.85 20184.80 171 0.000

N5k 4-2 fius, KMO #fE 0 0.85, KRR NI SRR, ERERIREER
%ﬁ%%pﬁ%%omm¢%0w,m%&ME%%%§%m¥Tﬁ%E@&,
B3 B30 2 B 2 A A A 2R A P A 3 5 R AT TR T 20
4.2.2 FEFrEL

SR AN 19 MEEEHATRAMENL, W R BE 75 19
AR A PRI A TN . R BB ZEDTIRE (cpv) BIREDHARTEEZ
B RGBT ETTiRle, O FEGEEREEEE, THERE S,

K ANA BT R Z TR O A 4-1 s

Zk:,u%={ia)i /Zk:a)i}*IOO% (4-1)
i=1 i=l i=1

R A3 NPT TS T MRS, 25 TR A SR PR R T 2 K R
Ao HANEAS 19 MEEYIGREE . Fedenr/a LER T IHaiR. N “PIiaks
A — e VR, /T 4 D3RR R EIE 81.41 %, 1f)E I
J7 22 Ay LUK AR IEHT A, R WIS AR J5 A A B (X DR IZ AT AR N o BT F08 5 2k
TAHARFIEERT 1 BT e, &3R4 DAL T 55 1 AN ior

KMO #56
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MIMTLERFAE(E A 8.87, MAREIEA 19 NAER BT E M 46.67%, RAUT ETTHRE
%4

46.67%; H5T 4 BT ETTIREN 81.41%, RIHT 4 AT A LUERE L) 81%
T2, REEE
R 43 MITEIRRER
Tab.4-3 Total variance explanation Tab
YIHE A A U 7 Rl e 3 P A
Wi TET ppw i PET g sy 708 R

1 8.87  46.67 46.67 8.87 46.67 46.67 591  31.11 31.11

2 3.18 16.71 63.38 3.18 16.71 63.38 527 27776  58.87
3 2.22 11.68 75.06 2.22 11.68 75.06 2.58 13.58 72.45
4 1.21 6.35 81.41 1.21 6.35 81.41 1.70 8.96 81.41

5 0.97 5.11 86.52

6 0.68 3.56 90.07

7 0.60 3.14 93.21

8 0.45 2.37 95.58

9 0.35 1.82 97.39

10 0.22 1.15 98.54

11 0.11 0.56 99.10

12 0.07 0.38 99.48

13 0.06 0.32 99.80

14 0.02 0.12 99.92

15 0.01 0.05 99.96

16 0.01 0.03 99.99

17 0.00 0.01 100.00

18 0.00 0.00 100.00

19 0.00 0.00 100.00

SR R B T M AT AR, %k B LR e B T

AR TR 545N T2 10 1956 2 (LR M R 0B T B0 T i 2 3
A S T2 R, S B 5 TR ELR U5 m 0 L. BT ok 22
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IRREAT IR T lieRs, DR B AT 0 AT . R R RN H B B R, 15
AT ERA DB ERA ST, AR E A NG T 0. AT,
B 7R B R A AR 5 o 3 B4 DAL 8 iy L B (R PR O T 2 A
BT (0 0 AT SR 7 e, SE A s DX o AR AN R IR 7 o L e e e 8 A D
ST B R B BOE AT, DMEAE R £ Sl S s I a5 2, R 7 S AT
DAL o IR [R]— B AR I 105 MR AR B BAT B AR R B b JE D e J (132
BHUEYIKT 0.5,
R 4-4 Jiehe)a (R R

Tab.4-4 Rotated component matrix Tab

VAN

R AT L2
1 2 3 4
JEIK 098 020  0.01 0.02
JE 3 A K 0.98 020  0.01 0.02
B — R BE R K B 0.98 0.19 0.01 0.01
REFE A A 0.98 020  0.02 0.02
5 L BR R K 0.98 0.19 0.01 0.01
RS 0.67 0.58 0.19 0.17
ENEEIEERS 0.55 0.52 0.13 0.38
EINEERS 0.33 0.89 0.11 0.18
5 0.31 089  0.02 0.09
I ] 5 0.25 088  -0.08  0.17
I L 2 0.25 0.88 0.12 0.27
JE L 5 0.07 0.77 0.14  -0.03
e A B 0.08 0.65  -0.02  0.04
B -0.14  -0.05 0.83  -0.07
P B8 S EE 0.21 0.28 0.82 0.27
T B = 0.03 044  0.78 0.30
HPERE N & 008 -0.11 068  -0.21
S BR A B8 0.00  0.15 0.18 0.82
B = R 0.05 012  -0.14 071

R 44 NI MR MR R, KA R G4, FRLUR AT

1 AE T HEG, R AR SRR AR . RN R
SRR AL L FREREEC . BRI G 7 AR A M AL R
BRI, & O KEERFIER 1.

52 AT HEh BB BTE . PR B BRI BB TE S B v
6 MACEM N, MIRHRTE L, € SOV ERF IR T
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93 AFTHESEE. S LA A SRR A 4
MR, BRI B, U R T

554 AT B S IR 2 AR, AR A I B A
s, SO AR ER T

I S0 S PR TR T i 4 A R AT ML, A1 41 TS BB A B T
AT 2 AR e

KERFERT B AT BERHIAT Bt AT
IS FERIRE ESEE RIS
BRIURE Bz BrEssE HERE
5 FRREERIKEE EE=E RIHEE
BRI EEEE SNRE TRmEE
SRR e
RIREK BEE
BEEK

B 4-1 A 40 45 R T AL R =

Fig.4-1 Schematic visualisation of factor naming results

4.3 SEB MBI 5
4.3.1 ETNELLHBEASTE
£ R BYR Fortfr e, Gl v EACEAE, e AL B ERR -, 1R A R

RARFAESR bR . TR 3-5 WA 4 ANRFIEHE G 17 22 B 40 L il 2 46.67 %,
16.71%, 11.68%, 6.35%, Jighs o RITT ZE MR 81.41% . X fiek Ja 77 2 H—
WALEE, WIS 4 ANE T IARCE R EG HHRET:

7 1 (KEERFER 1) AUE R2%0=46.67 % / 81.41% = 0.57
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72 (FEEERFER T BUE £240=32.248% / 81.41% = 0.21

P 3 GRFERAIER 7D AUE R4=11.68% / 81.41% = 0.14

7 4 CHARAFER 1) AUE 52%0=6.35% / 81.41% = 0 .08

K7 2t 2 M =0.57+0.21+0.14+0.08 = 0.92

KEERFAERR -+ 96 BERFAE R A B i FERFAE R 7 (B AU 9 0.92, &
HRIX = AN -0 T B s e B o 35, R A RHE T T S £ e . AT
11 2 PRl P A RN 7S 1 R 6 R 0 T AR PR RS R s R B, oxh T3 — 0 PR
FHRLRFAIE LA R SE RS i A B, N i I B A& SR R4
N7 I B A 53 R R 1R 20 53 A &, W R U T A DA R S 2R A e P 2
* 4-5,

K45 BT REMER

Tab.4-5 Factor weight value Tab

ARTFEZFR NERH AF B 4R a7 1
JEIK 0.98
JiE g S A K 0.98

S — LA K 0.98
KRR R 0.57 AN K 0.98
5 U LR A K 0.98

o R R 0.67
G IEE RS 0.55
ik R K 0.89
i 58 0.89
JIEE ] 5 P 0.88
B B 21
TE AL R T 0 o L 0.88
Nk 5 P 0.77
PR B 0.65
EgEE 0.83
N FF B S 0.82
o B 0.14 \
FEAFIER T RO 0.78
SNERE NS A EE 0.68
SR R 0.82
SREET 0,08 IR L
e = 0.71

KPERHIE A 1 1 BRI BERFE S, A Al 5 MR N
0.98, BUTH =R L SAR, MEARES . KNS McEES .. =S
RARER BT ZER, ERIL RN E R B A A KA . AR
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O TR, AR ERNESERTHKEENRREAIAG —. MH, EH
T NSRS I, R S H Rt R 2R & . i KA R R IR R K
FETAE 5 HABR R KRR ARG AE 5SROI R . A4 HE K A%
KA.

T FERFAE DR O BT 25 [ 2 B0 5 P RRAE P A, AR AE IR 7 w0 o v PR R A
5 By ) e B ik LR R B o P AR B AR N e R PR AR S 1 B — B ARG T A
AER LB OGS T R, IXPRAN ST s N AR AT A i R v JA S i F) 51 A A
IAT BEAE 1) E AR & GB/T 3293-2017 H, o k5% 9 AH 50 ) I 3R Rt AR 1
RF OB R AR . Forp, RO B8 — B DG T a5 B B A B DG R A
SR S e o 5 10 00 S ) AR R £ SR 000 AN AR  BLA SR O, fH
A2 S B PR R PE R B T S BB B (15 B 22 B 2 o A AR B B R A Dy e 24 4
NEEL .

DRl A A 2 A A B = IR s PR AE R T, AL N 0.14. % ek
J F0 53 R AR A A3 T o LA e PR AR R AR S e AR T N A ) B
2z —, BRI B DIARIIUE SR R M 250 . e NI = . Al
DN AN IR S o 2 5 T ASH RTE N A H TS Bh B I8 B I SR S 4,
B ORFE B 0Pl . 12 H VRS 2 5 RIZUEEIRT, 2 5 18R 85K T L
R G b B S AP 0 AR I E A, &N SR & R ANE S R R B2,
P G5 (R A AE B2 7= BT AR P I R A 2 PR, R S AR RE
EICHE, AN REAAREAN. ERUTRFE. &5 LR, BT 2
R AE T B AL A 5y A B
4.3.2 W FHIENTRE

SO0 IE Ik TR TR ST AR BV BN 4), B LR TR R K
®2. K-means RAEMHHF . BIBIGE ) S R HE TG BRBERIKC. 25 M
JEE AN IR AR B AR 415 ANECE S 18] AR ARLE R 23 AN TR AR 2 o DASR SIZER 2K P 4
N EPS EREINIE S EIE A€k EP S EX I E S SRR

JEUR%EZE (Hierarchical Clustering) J& T BM 105 2ok kil 20265, 1%k
TS B N ERE UL BT AP, RIS R R T SRR
&, BIRERVIMEFEA, EERRIGEMNE BHIEFEAR S RBECR IS, K
WIRJERZ R ATIRE A T W5
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K-means 250 #7 (k-means clustering) FIERF LT LT Eifie K H, B
AL AR 7 A THEEOR R K (AR, DURRIBE R i/ o KRN, 58
R — UIEAR . TR — VOB R I EAE NS ORI R, IEFIk
SHERAT Ja G AEA. 2R FILE G IR AR B BRI B4, ERIRE AT
i€ K fH.

XF LGP A 0 R, A IR T K-means ERGF LT 18-25 B HED
PERRLGH 5
4.3.3 M7 XA HHHE

TH5A K-means ERFVEH K BN 2-15 B, RSB B S0 i R 25
2. IR K AE 5 R ZE 77 1 SSE AR B 2 i T SO A A DR B 2
K 1H. AR LR R 275 M SSE JE B R A5 UPE L 2.3,

5000
n
4500 \.
g \
4000
= N\
2 .
£ 3500 \-\
,g l\
?_;[_ _—e__
;ﬁ 3000 e,
o \.\l_
2500
2000 L
0 2 4 6 8 0 12 14 16
RRHB
B 4-2 WA

Fig.4-2 Lithotripsy diagram

WHUEK . kR 2 S RN K-means R HEIL M A8 &, 4f 18-25
JE 2 0 AE B AL AT Ay

N 4-2 fos, I B RO DR R IREON 7-9, X LLERFRME Dy 2-7 iRz
J7F1 SSE T¥RGHIHUS T FEBULIERE, TRSSHOR 9-15 BN M n e i 2 ) Sl 5
I TP RRRAS o Dy A5 Sk A S o 19 2 7 75 3R DA B 35 R B il 9 A 7= R %
ZFRa, BREAMESRT K-means REFENRIEON 7 28, MR RAKE
SBPERIE 23R 7 2o B AR 1043 B ik 6 o A b S ISR R, SR BB 7 SR N
AL AR
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434 EEBMHBMSER
B K-means SRR, UK, Bk, & 5 mBEE A REBEIRNA R,
¥ 18-25 L HAEF MM p N 7 3K, A TRBLERINE 4-6 PR,
K 4-6 HAREER (AL mm)
Tab.4-6 Final clustering result (Unit: mm)

A R (BRA7: mm) HAR

- ,

M mmme gam | b VE@A it
1 250.24 235.36 14.93 104 TR 5 A 25.06%
2 264.33 236.3 13.96 72 Kk g 54 17.35%
3 245.29 230.53 28.55 41 R R SRt 9.88%
4 271.74 252.43 11.94 33 K2 5 & 7.95%
5 244.77 222.59 15.31 56 g e SR 13.49%
6 266.89 247.82 25.13 44 KhEm e 54 10.60%
7 254.87 249.05 16.9 65 WP e 5 15.66%

Il 4-2, @GR 7 MR R AE o EE IR LRI AL, AT DA E U R s A
PRI 5 AR EE LR AT L

. GEERSY

_ 25.1% KRR SH

: RS

: 17. 4% KpERSE

- st S8

KBRS

g 9 ; HSESE
W N

B

B 4-3 BRI 4y ] 1

Fig.4-3 Foot subdivision scale diagram

MERE 4-6 RTARRAFE, 55 1 WK AWEL Bk B WA 2 5 & BRI,
R ADEIE S8, A 25.06%. 52 KK . BRBEEK A, 2T
E A, RN K R S8 SN 17.35%. 55 3 KK MmAE. Bk K
Wi, 2o mERE, M NREmEE T SN 9.88%. 5 4 KK RK,
FRBEFEHC A R T m R AL, B SO KGR SR N 7.95%. 5 5 K
K BB E R 25 mERSE, &3OV ETh e SR, S 13.49%.
56 KK, Bk B wmIC, 25 e, & O KEmE TR, oA
10.60%. 5 7 KK H 55, Bk ERE . 2o m B s, & SO R 2 58,
RN 15.66%.
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4.4 KENGE

R B P 5 T R T = o IO X T AR B MR R AT A Y, Bk s
T

(D 8k R 7R E 4 MR, BHREERHER 7 %8 BERFAE DR 5
BRI T AR T PR BEARAE DR T G | s By KR A R
TR EAR B AH s D B2 AR A DR 1 FH B ik R o A 0 5 32 i 0 R 2R 08 2 AR
GRR; HARE TR,

() THERFACEE S R EG R AT KN E T AR 5 I A ) AR
o HTEE RR AR . SN 3 NMETREZAN 092, &
Pl 5 BB A A2 % 2 BRI TR 7 o LU 0 ) = /A A 4 A8 B, 40 TR TG
HBEE . SRR, ORI T E 4 B4 0.98 0.89. 0.83.

(3) RHA EE R8s, ETHRFRIUHE 3 NMEER A
BTGNSy Jy 7 3, BUAEREIG L 5, KA e S, S 2 5. KR 5
LGRS, KRR SR, PR S,
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£ 58 ETHEMERREEILE S

51 518

BEER RIS SRR, BERME RS B R O 4 B HITE I 2 .
g giit R RN 75, PUME A e 0 Bem, NMAIVEH iz, HAPREA
RSN AE /T S & S 5/ AN = P Y 5P e Sy & =T (N L EZ T 2 5N
HARGRM A% AR ae 7). 3 B RAFEMINGEE, 7T LARYESLhz
Gy AT SE A, 7R AR eSS ) [e) R AR T OI0BR R 1% BE

PR T BP A I 25 35 AR 0 175 4F 53 PR B 4 43 IR B AR 5w, DASE 4 &
() 3 AMRFIEAS & DAL 7 Fem gy 5 R 7 e a3 R0 M 2 s N S, 25 T80
PR LRI AN 2 2K A EEAT BP R I 25 S0 B [H] R B2 J2 4
L0 RECE . R R B DL SR EE S B 4 o IRV e F b Le
WL PERE, B E M AR SR AL IO A0 73 IR0 I 4%
5.2 W IRRIMERYIEE

BP #2252 VB S, AR RS E UM E . b
JEMATCHERE N — AT, BEE TTI I AN R

A T VR0 50 U P 28 RE SR (P — Hyy — T34 o o N 4 4322
IR P2 3 AMNRFAE 415 MREARA B, Aoy T R EE 7
ANRFER) 415 SUME A SEH, H ZBEA n MRS EWAEENREE. @
R R I S5, S HOE G 2B R B G 53 R 25 0 2 S5 4 o
5.2.1 HIR)A—LALIE

T MG IO R 00T A A SR () R, AR e bR T R AN ) AR A B
[ 72 S5 e T 0T AN 28 I 255 T B4 AT B B BRI o W RSS20 2 T R S 647 1
—AALEE . VA AL PR BT H R H A N[0, 112 B . SEB R FH i KA/
fEA—4k 732, 1A F Matlab T 548 4 /Y mapminmax P& %L, 81 B E 7% (Min-Max
Normalization) X% A B HCHE Fo BEBEAT JH — (L AL BRI, )5 —fb b 280 285 SR L3R
5-1. H—ARIA 5-1 Fros.
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X T Ximi
x,|= i (5-1)
kaax_kain
T K AR K ZE P A HE 5 domin AT domax 9 k 4 FEECHRE e 471 fie/ INESORT e K2
A ER i B 2 1k SR A 45 S VO R N
£ 5-1 A Edn ) — a2

Tab. 5-1 Input data normalization processing

] B BREEK R D EE
1 0.43 0.47 0.64
2 0.94 0.74 0.64
3 0.00 0.10 0.05
4 0.94 0.68 0.67
5 0.10 0.02 1.90
6 0.13 0.11 1.81
7 1.00 0.50 3.60
8 0.70 0.81 2.69
9 0.64 0.85 0.38
10 0.72 0.93 1.24

410 0.87 0.71 1.36

411 0.88 0.78 0.05

412 0.17 0.07 0.26

413 0.18 0.21 4.40

414 0.35 0.34 5.88

415 0.28 0.13 3.14

5.2.2 MABRIEAXHEEE

MR REHE R T A PR, — MRS ig R, —MEitE S
ANBHEEHATINGR. BP M2 M2 8347 BN 2507 ORI I 25, RIFERIE
90 2 BB N S A R AR IR NFEAR [ B EAT N, BORLRE SR TH S — R ZE I S
BE, BREHRRERMA S . SATIZRAE AR A B BOR 1 B8 SR I I R 1)
Ko RN GRAR A R AL Z YN GRAT 7 — RNVE S N R P LU R [ 9122
St R T, YRR T2 P N R AR T SR 2 2 TR ZE A
w2, WEMEM. BEERBEE, TR IRES R 5-2 Fin:

E=)e (5-2)

R RE AW EEBE T BIE, itk BP fiEe 2% (PR RE TR 4. AL 40
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IR0 IR 2% R HE R N FH T B ALK IR ARG, S & E f N B 2577 200N
L EIN SR
5.2.3 ML EEHT S BFRE

BP (Back propagation) f#1£5 /| 4% 7F AbFE SR 1) @, H o 7E g i 2
A EH KA “one-hot 4ifid” J7x, MEMANEETHKMNEE, MH AR
FoRn— NG Ho, R E ARSI R TR 1, T HARTT R 0.
XA 77 U B B, T BP R 2 1 20 3 R0 el A A R T
FERXFPBCE N, BT S R B o B0 T AR SRR 7 Fi
U205 SR B it ) B R 5-2

K 5-2 favth H AR R ) R

Tab. 5-2 Output the vector representation corresponding to the target

Y53 KA B o 1r) B

Ty A E 5 A (1, 0, 0, 0, 0, 0, 0)
Kl 524 (0, 1, 0, 0, 0, 0, 0)
o v A S Y (0, 0, 1, 0, 0, 0, 0)
K2 5 2 (0, 0, 0, 1, 0, 0, 0)
YR A PR Bt (0, 0, 0, 0, 1, 0, 0)
K e e 5 (0, 0, 0, 0, 0, 1, O

5.3 MRETEMIEARAYESL

N T IRHUERE R AL T A B VR A 0 R0 R 4, SRR EE T I ZR B, R
HERAR L NGRR3R PFIFE AR EAT PEREVFI -

(1) Fasgthre: INZRIREOE PP R 28 A PERE A S BEAR 2 — (6%, SRR
BERKNIGRIRECN 1000 7. 38X EEAS R Z5 4 (40 2 3R R 28 (1 ZRaii, - A
T W 28 SR RS E R e -

(2) AIMERECL R R R PR RE : Je e M2 B 0 7 IR A R v, AR N
ZREW AR AR DRSS AR T BEAR, EDOWME 2 IE R4 B EL], R LA 2 Al
RARCR LU S PR 75K

BTk, SEEEINIRIEHFE (Confusion Matrix) o VRV HEFF 2 AEHLHS 2% =) Al
NI GETE S T VPG 23 S 28 A RE R — R AR R, w] LT I B 2148 70 1R 31
HERGRI, 30 5-3 Jynxn (RIRERERE, FEFEF 1 n 9T B PRI A0 3 (K 2 2R
B, LRI ELy 7 3, B n=T. VR FERE RO HERG N 100% 1R E N ER
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FEFERS AT Esh, FERER HARITER B 011, RIAES IR M 2k M BUE UK 1%
FANHERALH 7> A B LA L, BEoR, IR HERS R s ARRI A2k B
BEMZ . wm, WIS R R . e RIS 5 5-4 Fror.

Ch Gy Gy,
c=[ 2 7 (5-3)
cnl cn2 cnn
Zcii
r=-—x100% (5-4)

Zcij

P B B0 A X 48 25 ) LA e R AR 32, DU DR i A\ a6 Ry
IEo HERR AL TE AN 70 VR0 X 228 B R 7 s A 20 D LR B 5 SRR AR R TR A

(3) PR PE g : PRIE IS SR B I 2% RE 6 75 R X i R A 1] Y A B9 o o
B o 38 X b I AN [ ) A% 328 o 50 A SN 5 b 500 2 ) 400 2 TR ) X 2% 114 )11
ISP TT DL U oA 5% PR g S P A

gi b, SR AR TR IREFEFE R 2 PURAERA R . UIZRI K 3 4
PERE PRI bR 3t AT 5 4 55 PE R R AR 70 IR 5 X 2% (R PR RE VP A o
5.4 [T R XML % RERI RN

BP #1220 2% (1B 5 2 — o i b 7 sORSEBER AU, — 2 ke &
o, TRBRE RN TR E R R 2 AREE R AT AR R
FOAT ASE ARG L, /iR 22, (ERRZAERIINZR G, ReRBdk, Hilga
A RE B B A S LR - B2 B2 5 2 B0 BP A48 X 25 T LA i 328 452 o 4161
P ABRAN 15 8 R B & R B O, RS R B RIA B SER T R AR . A
PR J2 o s B mT AR TE S T SR LAE B R 1 ) TR B, 0 7 e N5 i 00 1)
Z B FIRES 5C AR 5 i A I ES 2 0 TR IR 755K o (ELZ IX SBR[ A A1 5 3 R 31 i) A
Xt BP LR 2% (1R 2 = IR R B € IR Be Ge— ISR A 3. Bt AR T i
S 2 OISR TY S5, 8 40 23 TR R 48 R B 210 R SRR RS 215
Bl J7 ik, B e DB BRI 257 8 I VR0 70 1R 5 I 4% , £ ARl |
AN WG N Bl 1 5 B8 Ok U REZEL AN 70 TR ) WY 2% (R I 2RI T DA K 4 73 YR HE B 4
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SVERE, BRAMERREENT R

B, MR B R R AERIIR BOE A 20 S, FEIBIERRS EAREGE
120, MEINZE 120 4. SRR, STREANZE SRR IERE R . YIRS TH
WIZRRB A AT LE L 1 iX b7 =X, ] DUSE 4 [ VAl B3 2 PP 4 o S ot
7 VR0 X 28 P R R R, DR B L R A P 4 X 2 PR T

# 5-3 NRJENT BEA R R I ZREs B B B2 P2 3
G, METTHERIGI 20 4, VIZREHHIGEM 1 #b. FE, M 20 T
BEINE] 100 MR, IRBIER M 25.1%ZH A 85.8%. XKRHREMZ T
BN, MRS R T BE T

{HAEFRZ TEHCER M 100 NMEINE 120 B, RBIRITIE TS 78.3%. 1X AT
REME NG EE— i b, ML B AR B T — NG Tt A, RS a2 o3
BT S A B A ) B 255 B B ZRI G L VERESRTHRT RN 2R 132 4k,
SIS R A E B E Z AT SO 100 A4S BIFRZ AN 100 B, IR AR AT 42
TGN, SR S IR R e IR RO e

o 5-3 [ RN G T U 44 1 19 46 1 B 1 B 1

Tab. 5-3 The effect of the number of hidden layer neurons on the performance of the subdivision

recognition network

TR AR AN 53R
gEgms  #R RERNTAHE YIZR 8] YIZRIREL
T HERA

1 0.05 20 25.1% 2s 1000 /X
2 0.05 40 55.2% 2s 1000 &%
3 0.05 60 56.4% 3s 1000 /X
4 0.05 80 64.6% 3s 1000 &%
5 0.05 100 85.8% 4s 1000 /X
6 0.05 120 78.3% 4s 1000 &%

B fr 2T R 100 BHAH o 45 BTG AN ] 5-1, T URIE AR RE (148 4317
B INEREE R TR E B NG (@), Ads. (b)) NEFT AL
R4k AR RN IR 7 AN, BRI 220 86%, ISR 3 SKiHNZ i
B, N 95.1%; 4 BUTIEEML, N 66.7%.
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(a) - Progress

Epoch: 0| j "_ 1000
Time: 0:00:04

Performance: 0.277 _:l 0.00100
Gradient: 1.00 |§ 1.00e-06

Validation Checks: 0 | U | 6
(b)
B7.2%
90.8%
81.3%
68.8%
94.2%
81.0%

83.1%

B 5-1 [2& 2 RN 100 W45 45 FaT #i 4k

Fig.5-1 Visualisation of segmentation results when the number of hidden layer nodes is 100

5.5 36 T EE F4EIBI L 73 IR A & L5 1)

Toes SEER AR TT 1 B )25 mUEE S T IR 20 73Rl X 28 RO 2 i, B2 4 R A0
29100 B 3 25 R 5 T S 0 1 A 85.8% 0 fHL I £ IR IKE FEAFAE — 58 (M4 T[]
BP #2245 I PEREIL 2 2 HAR M Z0 S B fE e, e ad s B, ISR

SR 1 Y TR S HU G AN [R] R X 48 G5 R HEAT R EL S0, 1 5 020 R0 P 4%
AR E R . R ERAE B, SEE 4R T Tansig-Tansig. Logsig-Logsig «
Tansig-Logsig- Logsig-Tansig 4 Fif& i i H &5 9 Ml ZRBEERE M 36 Ml 7
W M2 BN GRS E PR RE . D HERG SR . DSl RE . 36 Mg A 53 1tk I Y 4
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IR PR 2% A E LI 542

O Fh Il RS2 B T BR S T FRIE S 8 PR Ak SR R, R RPROP B2
Fletcher-Reeves A8 % 5% . Polak-Ribiere 281 /& 53 . Powell-Beale 28 /i 55
. [ E AR AL AS RS E Sk . BFGS MR W E L. — P B H .
Levenberg-Marquardt % 7% . FL o RPROP 5 £ 19 1 B B8 #0 A trainrp ,
Fletcher-Reeves 221 FF 550325 (1) 1 H BR 2R traincgf, Polak-Ribiere ZF 4 FE 5325 1
Fe&#9 traincgp, Powell-Beale A2 #6552 1 I B 09 trainegb, [H € 24 Y
AR ofs B (4 FH BB 80N trainscg, BFGS #A-$HE%: (118 FH B BON trainbfg, —
A0 B 28 7% 1 H B8 BN trainoss,  Levenberg-Marquardt 575 118 F 08 208
trainlm. YIZRELERIAHTEN 2.4 I ZR&HO0 L T B BOVE ISR 5-4 Bs .

R 5-4 YIGREI0T L FH B B R

Tab. 5-4 The training algorithm corresponds to the Tab. of call functions

UEE A7 PUEERRE
RS N B traingd

RPROP i trainrp
Fletcher-Reeves 281 5 51k traincgf
Polak-Ribiere A8H# 5 5k traincgp
Powell-Beale A& 5 5% traincgb
W] 5 AR AL PR AR 6 AR trainscg
BFGS UL A=l 5592 trainbfg

— R A trainoss
Levenberg-Marquardt 5% trainlm
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Tansig-Tansig Logsig-Logsig Tansig-Logsig Logsig-Tansig
traingd traingd traingd traingd
trainrp trainrp trainrp trainrp
traincgf traincgf traincgf traincgf
traincgp traincgp traincgp traincgp
traincgb traincgb traincgb traincgb
trainscg trainscg trainscg trainscg
trainbfg trainbfg trainbfg trainbfg
trainoss trainoss trainoss trainoss
trainim trainlm trainlm trainim

& 5-2 36 i 42 52 BB 40 43U 500 9 246 4 44

Fig.5-2 Thirty-six young male foot shapes were subdivided to identify network structures
5.6 ETENEFRAE RMEEEN

N RE T AT AR YA 5y P 4 R B AR SVE S A, SR i BARIR I AG 24K,
F&Z= 1 S B0N 100, 4070 00 28 15 2 2209 0.05, YIZRIRECH 1000 Ik, WE
T 3 VAN RRR

36 LABBCIIAN 73R P L8 DI ZREE RV WA 5-5. 05 (e B Re e i 4 4y
WO 2%, BT IIZRRE TRE R R . IZRRTHC 3 AN PRIFE AR EAT
LEMERERIVEIN . AR, netl. netlO. netl9. net28 AFET 4 AL R B A5
(IO BE R TR GREE SR, HR 32 NI B I 2R R
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R 5-5 36 HIETCHIAN 73 I 25 ) 2R 45

Tab. 5-5 Training results of 36 groups of collocation subdivision recognition networks

s emmEas WgmE TR e g
AHER

netl traingd 17.30% 3s 1000 X
net2 trainrp 25.10% Is 72 Ik
net3 traincgf 80.70% 6s 1000 X
net4 traincgp 91.80% 6s 1000 %
net5 Tansig-Tansig  traincgb 92.50% 6s 1000 X
net6 trainscg 94.20% 5s 1000 X
net7 trainbfg 91.10% 106s 1000 X
net8 trainoss 85.60% 7s 1000 %
net9 trainlm 95.30% 102s 1000 &
net10 traingd 59.40% 3s 1000 &
netl1 trainrp 60.30% 3s 214 X
net12 traincgf 85.50% 6s 1000 X
netl3 traincgp 91.30% 6s 1000 X
netl4 Logsig-Logsig  traincgb 94.10% 6s 1000 &
netl5 trainscg 90.00% 5s 1000 %
netl6 trainbfg 74.90% 172s 1000 X
netl7 trainoss 80.50% 6s 1000 X
netl8 trainlm 90.20% 204s 1000 X
netl9 traingd 34.10% 2s 1000 X
net20 trainrp 35.10% 2s 68 X
net21 traincgf 73.30% 6s 1000 X
net22 traincgp 91.30% 6s 1000 %
net23 Tansig-Logsig  traincgb 90.10% 5s 861 IX
net24 trainscg 91.10% 5s 1000 /X
net25 trainbfg 73.10% 267s 1000 X
net26 trainoss 56.40% 6s 1000 %
net27 trainlm 95.90% 171s 1000 %
net28 traingd 25.10% 3s 1000 %
net29 trainrp 42.90% 2s 1000 &
net30 traincgf 95.10% 3s 1000 %
net31 traincgp 83.60% 5s 1000 &
net32 Logsig-Tansig  traincgb 93.30% 5s 1000 &
net33 trainscg 96.00% 4s 1000 X
net34 trainbfg 94.20% 402s 1000 &
net35 trainoss 89.90% 7s 1000 &
net36 trainlm 96.10% 2465 1000 /X
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5.6.1 ETIIZREAVRILE 1 RETTE
BET AT A% 328 R HUZE 1K) 36 Fh I 2 454, I LTI 2R R 80 trainrp [ net2.
netll. net20 = 2% G5 /I ZRIXEIIARIE F] 1000 SO 2 bS5, 405 1R A
BRI, INZRIT AR, MR 3 AN 4 53 1k IR A 4 R0 I 448 S5 6 AN ARE
NET MG, HEHEEER 5-5 MIZRRECN trainrp IIZREE R N 5-6.
F 5-6 3 Pk i ik K2 & F VIR EL trainep 9712555

Tab. 5-6 Training results of the training function trainrp under four transfer function combinations

: s \ o RIEFEFEAEIR e
Wegs  femmsdals  gEs WK IR
N AES
net2 Tansig-Tansig trainrp 25.10% Is 72 IR
netl1 Logsig-Logsig trainrp 60.30% 3s 214 Ik
net20 Tansig-Logsig trainrp 35.10% 2s 68 IX
(@) progress
Epoch: 0 . 73 iterations | 1000
Time: | 0:00:01
Performance: 0698 _0.120 0.00100
Gradient: 100 | | 1.00e-10
Validation Checks: 0| 0 | &
(b)
25.1%
MNaN%
MaN%
MNaN%
MNaN%
MNaN%
MNah%
100% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 25.1%

B 5-3 %1% %A Tansig-Tansig B trainrp 1|2k BR B0 2R 25 R T 104k
Fig.5-3 Transfer function as Tansig-Tansig when trainrp training function 10th training result

visualisation
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P 5-3 A i bR BN Tansig-Tansig B trainrp Il 25 B8 50 25 H 41 513 1) &5 S
AL, B (a) RoaRgRikE (Epoch) N 73 K, K (time) 1s; B (b)
SORTRVE PR R R AR, 9 25.1%, RASE 1 K4RG8 2-7 25005
RN 0, BIRMEER R
5.6.2 ETREEMM S IRAERERME MM

W 36 ZH L5 GERHEAT R LSRG, PR T T VR HE B A1 T A 1 X %
VEBEMIREI . AT EALEE, CAUIZREIE RS, 36 LI 2R A0 IR 76 B (1 1R 5
LR RN, eI HT RO Bl RIR T, 4%3% K %L Tansig-Tansig {9
T-T, HARE. b, JIZREEL traingd bR N B SVE IS B [ 45 3 0 5
MR, BT 2GRS HA RSCRE BB M E A, BT AR 32 DI
TR 8 Fe il S SR A 6 T dpe R P8 e BV I o R ARV o (RIS VR B
BERIMERGR . DGR AT L, PRIAS R B0 190 2% 485 R FO 1 i

120
e T.T
B [-L
100 | AT
= ] ¥
L L-T & 4 & @
.“T [} .
A ]
il 80 F ® B
= A b
e A p
E
—_
= 60 = =
B
B
we
= 40 |
L 2
20 F o
1 1 1 1 1 1 1 1 1
- - - - - - - - -
2 0% % % % % OO %
e 2 = e e % 2 - 2
" 2 & 8 & & 2 % 3
< B %% & (s %

B 5-4 2153 I 0 45 73 S AER 2 1t BE XS EL I
Fig.5-4 Classification accuracy performance comparison diagram of subdivision recognition

mode network
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SHTE 54, LIRS

(1) MBERLEI 5 B ARG DR R, B6T 4 PR R B &, X LB
THRRE T B, RIVIZRER 2L traingd, JCi18 42 trainrp. traincgf YI| 25K 04 2 trainegp
WIZRERE, PGS 1 8 Tt 22 ) 28 LAY 20 73 VR I AE R 26 35 B 4R 7t

(2) #38 BHUN Logsig-Tansig L4, traincgf. traincgp- traincgb. trainscg.
trainbfg. trainoss. trainlm JRVEFERE K7y FUERG 3 & T HA L R B &, RO
5-4 HEREITLIRE .

(3) BRI R MR KU R KT 95%10H 4 Rl &80, RIA%L 38 R 4
N Logsig-Tansig 414+ I ZREA BN trainscg I, IEAIZN 96.1%; I 258 %] trainlm
TERR T A%35 iR 2 Logsig-Logsig 2H A I 73 RAEHZ I KT 95%. 3 5-5 X R 4%
W% '5 N net9. net27. net33. net36, 4 Ffix|Lg4H &3 I3 5-7,

R 5-7 IRIEFE PRI RUER R KT 95%IK 4 P28 H &

Tab. 5-7 Four network combinations with classification accuracy greater than 95% for confusion

matrix
: - N : o JRIEFEREAN RS e
Igrgns  REmEdls kR o PUIER N S (E €V
net9 Tansig-Tansig trainlm 95.30% 102s 1000 X
net27 Tansig-Logsig trainlm 95.90% 171s 1000 X
net33 ) ) trainscg 96.00% 4s 1000 &
Logsig-Tansig ) .
net36 trainlm 96.10% 246s 1000 X

5-5 AL #2H & Tansig-Tansig 55 trainlm Il 25 o8 00 2 119 40 43 V2 1) (X 2% )11 25
R AT IR B L B (a) R IZR I (Epoch) 4 1000 ¢, YIIZRIN K (time)
134s; & (b) WoRiBIEFFERAAER AN 96.4%, 5 1. 5 KA 4 eI
5 4 RPALR R BARN 90.9%, IERIRAANECH 30,
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(3} Progress

Epoch: 0| | 1000
Time: :02:
Performance: 076 | INNNBOGIRNNN | 000100
Gradient: 100 [ENDORREN | 100010
Mu: 0.00100 0.00100 1.00e+10
Validation Checks: o | 0 | &
(b)

95.4%

98.6%

100%:

A00%

922%

232%

92 5%

4%

1 2 3 ‘4 5 [ 7

B 5-5 f£i% B %A Tansig-Tansig i traintm {1125 08 301 2545 5 AT 4L
Fig.5-5 Visualization of trainlm training function training results when the transfer function is
Tansig-Tansig

5.6.3 ETIIZRETCHIRI L% 14 RETTAL

X VR FE R 73 FUER R KT 95%0H) 4 Bl 28 20 & 2 AT VIR VPl R 58
2731 1) DX 2% F) R AT S E

WNEE 5-7 B, 3 Pk i eR B0 20 & traintm VI 2R BRI ZRET K350 100s LA Es
Hodr, g R &N Logsig-Tansig I, trainscg I ZRRECH 4s, IR K
T A 3 Pl R 2% SE R A SR, IE B ) 2 S5 R R RO S SO RE BE AR

1EL 4 Fofr X 28 5 4 PR TR I R A 1 20 VU HE B R Z2 0 AN K, trainseg I 25 2R H0R
HIHERRZE N 96.1%, trainscg Y| 25 BRI £ 40 4> UM HER 26 96.00% .

5-6 LB R E AN Logsig-Tansig 5| 25 %L trainscg 2H A 1401 51 4
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NG R R =R, K () s, ME&IIZE 1000 k& E)I1Z, &3
T4, NG KR 6s; WK (b) Fin, HERIRAIZE N 95.9%. 1. 5
S AR R, 2 3 SRR R RN 90.2%, IEFIHAIANECA 37 4.

(a) -Progress

Epoch: 1]
Time:

performance: 0578 [NORAN | 00100

Gradient: 1.00 155 | 1.00e-06
Validation Checks: 0 I 0 ] 6

(b)

97 2%

96 6%

91.3%

B 5-6 1% R # Logsig-Tansig I trainscg Il 2k B I 2R 45 A T HLAL
Fig.5-6 The training results of trainscg training function are visualized when the transfer function
is Logsig-Tansig

R R EIXT A AT AT LA, 18-25 JE % A 5 Ik BRI R 41 43 1R 1 X 4% e
LM 5 B AT R 48 5 1) A% 36 B BN Logsig-Tansig 2H A, YIZReAEUA trainscg X M
O RPN s A ) AP
5.7 RENE

A EE I LA 2R A T R AR 4 2 R ) X 2 1 SE I S A B N 240
T
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(1) AF B AR EN N ZREE AT A — AL b TR, 8 G R AR R 2
25 ) R T 3 R ) 248 1R S 2 K

(2) WEINSGRRE. IRBEFHFER A HE . IR K 3 AMERe PRl
Tabr o RECINGRIEL, TR R 2% 25 M As e Mg . JE TURIEFERE, ATl fbam
S IERF AR LA ), 32 X 285 (R R AR P o il VI R T KX LG AS [ 5 4 19 2%
PR Sl Be -

(3) S HrTRa )= T RO T8 PERE RS2, L 20 i siny, W R
M 20-120 AN, R EE IR DURTRVEHE FE I 40 7 R HERf 26, B 28 e B2
TR 100 BF, 20 U N 2 M R S R

(4) GEEL 4 FhfL b s A &« BoBh BE R Bk U 8 PR Ak S8 4 36 Fi
I = N Ko ] S [0 O 7 R AR e B A [ 22 s = €2 8 e
B0 W 48 45 K g A% 33 BR BN Logsig-Tansig 2H 27 Il 25 B8 BUA trainscg [ 72 28 1k
(R AR P B o 2 26 25 R )l R 25 SR R TR VA FE R 4 40 ROnITHERF 2R 3501 9 96%, Il
ZRIRBIE 1000 0 YIZRI A 4s.
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F6E FiLSRE

6.1 &5t

ARSI 9 P9 5 T = e B KR 1) 18-25 ) 5 75 4 5 1k AR P 4 7 LA %
DA ML R R . ARSI T :

(1) =TSR 1R AR 5 b B

i FH = RO TR TR FERESs 4 ANERE . K. BoE2%
19 IS AS AR () 437 AMREAT T IS 19 AN 2570 B B s 75 4
Bk R R R . FFIE T R I 02 BB A AR B 246 A, REEIIFEA
K 530 S MO GETE M (I BER o bR AT S AT 25 {8 DA % S A P e o T
SR BV IAT 5% MR, M EE TR B MR TR K 4 T 19 AN RN R 415
ARERBE ALK -

(2) T R T4 7 A B TR A0 25 R F

FET S8 H XA BT MR AL B, S 3 R TR T4 W42 BB A
B2 ) (KRR S P SR I K B R AE R T 6 PSR R T4 4 AN T THEE T
BUE L], O T e BB, W IR AT S AR RO G « BRBEFE K. 5
FE .S AT I LA R 2-15 RIS R, B e BRECh 7. RH
K-means 555 KK Z BRI 200 7 2%, BUJERICE 58, KA RE SR, 8
B A SH, KIHMCE S, S SR, KIEmE S, kL5,

(3) FET BP FRZE 4% 77 12 0 IR 445U R 250 sy 7

DASS 4 ZRAE K) 3 FRARZp A B DA, 7 RS> 45 Bl B N BP #IZM%,
EHER (P — Hy — T ITF4E T PR A0 43 SR 5 o 2% . SR F BV SN R 3
PRI AT R BRI R B A R B L I
RN 3 R RS bR, 7 (B HO 043 TR 5 0 25 T R0 B o 9146 SR B 52
W2 R RN 100 35T 4 FifL iR B AR 9 Rl ZRETVEIE R T 36 AL 4E
F AT A 5 0 46 L 5 B R TN o 32 TSR A7 400 43 TR 50 DO 4% £ 1 e P
5 S5 R ) 65 ) 9 12326 R B Logsig-Tansig 414 IF [ 52 A5 Ak 1S 6 B 925
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6.2 RE

TR AP R A, SEIR ARk 2 TR0 SR, Bl b A R AR
A, IR 23 BT DA AR £ B R T B AEAE — R SR PR

Foi ab B3 77 i bR F I R BB T40HT . K-means B80T K BP 22 4 it
T SEIHIFFE, VA SR N T B 4 KA P AP AIE SR DA B 5 i B O

RASELM T : T LR, BEARKUE TEGEY K, RESEY
18-25 J& % [T AE RSl , 4538 I 50 30 % ORI D TR K e 5 BRIR 3230 31 £
FAT) 50 R o 2% DU KB R S, SRR B, AR SEBL S R A B
[T BRI 53R ) A A S5k — S5 0 R T 9 %) 5 % R 40 43 9 9 v FR o LL 2K
B AR AR P R A M HE 2
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