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Abstract

Color-difference was presented to assess the lycopene content conveniently and non-destructively.

Due to excessive affecting factors and strong correlation among the parameters in the process, the support

vector machine (SVM ) was used to set up the predict model. The selection and simplification of the

feature parameters was discussed. A compound optimal objective function based on Akaike information

criterion ( AIC) was constructed. The particle swarm optimization ( PSO) algorithm was used to search

the optimal value of the objective function and enhance the efficiency. The predictable method had good

performance in assessing the lycopene content of different maturity stages.

Key words

il

51

T LL R I — IR PRI R 2 bR, AR
AR IO AT P OF B B RLRE AR Y
FAMRLEARENFMLR, ERRFEMARN
EEORE . ML SR A T7 36D E Tl 40 3R 3 i
PR FRBE IR 2 ) m HLOA A A

Wk H 1 : 2011 -09 —08 &[] H 1. 2011 -09 —15
* [ KA ARBEESE G BB TH (30972036)

Support vector machine, Particle swarm optimization, Color-difference, Lycopene

HAr, AR B MR L O S FLL R & i
I AEAEAR SR I A S T R Y T 2 R
AL 2 B [ U3 5 7 o BN 9 0 41 2K 5 A ERR
B3 A B, #R R B — B 2 Bk AT [a] ) B
W AR S OB 2 R TR A 1] 091 R
Aot B A 1) TN ASE R DAY g X 2 SRR 14 BF 5 o —
AT B BIL AR 27 > A1 0 S T (0 22 L 4 7 0 £ R

FEE R XU, T L2k A IR e SR I, 32 B A I 15 R S5 B B BF 5, E-mail : Iweil524@ 163. com
WRAEE : Dk HE, B, T LA S0, NG RBER G > TAEY 2 CREEZ BORBEST, E-mail : yingliejin22@ 163. com



144 & Ak HLOM R

2012 4

HEATEREAR

Fe2f )k eh S AL (SVM) B2 b fE
T8 INFEAS 2E 2] IR AL, RE A AAGEE S i 8L R0 R
B /ML B A B0 ME ™ S el R, {HLE B 2 2 RE
Az AL B AR KRR B b B T S50 £, [l B oA
[F) P ey A28 2 0 I AN [R) ) B S 4, TR I AR &2 2
H O A&TEA [ NS W] A BE AT T OB 5
WO RSO SVM Y i AR i AN A S i B
ARG AL, AR T BEL AL 55 3 (PSO)
17 SVM S804k, [A] I Sy sk b br B L 220 () L, i
YR SEE TR S S 07 s FE PSO Bk g A S
PRAE MR 3T ALC ME R (A (EAE R PSO w135
Io; FE eRESAE B B B2 5 1 0 3 0 21 % % 1w
R A AL E ) TCE IR A 5 ) B R — b

1 BEMAERHXABIERRRESE

L1 BENEHBRREEIER

i F WSC — S T8 6,22 (30 R [7) RG890 19 7 it
TG 22 0 76 454 76 R 5 19 8 D B 48 10 4
ST R T A R LT T R b LN
W ST 5 B, M 0 ~ 100 A5 fk,0 S BB
100 £ 16, o Rl b FREI: +a” WLE I
i, —a” HEEITIE; + b HEEITE, b WER
i, i (hue, LG f1 H LGP o /b %
7R ) R (chroma) ST a” 1 b HF 34 51 )
S VA A T B 4 e
3k B A 2 1] 1 3 4, 76 0° ~ 360° 2 ] 16 4 45
11,058 360° 2 7 21 1, 90° % 5% # 5, 180° % /5% 4
{,270°F R 5 . HRE C ST T (2 (K B L A
Y R R 2 (0 R R 5 0L U % B
WP B G, T [6) BRMBFEMAE GRS
(" /b" VAMEB K, K L a” b° (H.C F
(a”/b" )V HEH T HLLZ S B IO 416 B8, H
I C T A 0

C=JVa +b"? (1)
H:{arctan(b*/a*) (a® >0, 0" =0)
180° +arctan(b*/a”) (a” <0)
(2)

L2 EMLARVEWHRERZE

FH AR 27200 ) 6 50 20 2R R A7 00 6 A S T 1Y
PraE (B o SRSE B 8 41 R & & il AE 2 BR Toor 45
(071" . FRELO. 5 g KR, T 20 mL 4R BOK (1E T
Be: N CEEARARLEE M2: 10 1) 210, ML 1 h
JG T 10 000 r/min . 4°C B .0 10 min, T J% K 472 nm
AE I E W SGAE, LAIE © ke h = B B RE A

3 HR DL mg/ (100 g) BEF LR
2 SHRAFERETIXRHEAENRUNEER

2.1 EFAICERENMEESHIZE

Hy T T AR OC 2 B 2 2 ks R R IR AL
N V- i AR RS 5 2 5 TN ORS B B 7 L R R AR
B EN] ( Akaike information criterion, faj FR AIC) k47
R ) ] 1 b RO T B BE 25 4 o ATC 5 5 o U A
R AR — 2H AT Ak e 5 Y AR AR b e B A IR AR
TURS, P 4F AIC /DR T Z AL . X T 48 7€
(A FE AR 8 0 2 JC 13 ATC 28 H A AU A

1
b i =nlg(2q-ro'2) +? Z [y - (yo +y12, + 0, +
=1
y,2,) 1 +2(m +2) (3)
v FEAA B y—— H R4S &t
x Vi 8 m——1jd I 28 5 S 40

tRiEfE I T2 vy HRARK

ASSCH H bR B A AL R B, U R
AL Z AR A 5 AL 20 8 1, Ui /N ¢ (S
WO S BT Sy AL 550K A 45 6 1 R i A Y
2.2 ZFEENEAS

SCRFI R HL(SVM) St 56 F 48 3t 2 BLg Y o )
7 il 1 AR L SR A 1) R S B g 4 R AR
23 [, SR 5 TE X AR AE 25 18] SR g ™ I A R, B
e T /INVEEAS AR LA | oo 4R B SRy AN /D a5 A TR
FURT A S S ALAEAT s e 8 f TRZH
WEFE NGRFEAR N  f,y f CRY xRyi=1,2,-,m,
SVM {5l I3 T — A~ I £ e S5 45 S0 40 e S 1) g 4 4
k23 8], 575 o ZE A 2 ) A7 2 1m0 U K 40 454
JRS: Sz /Al (SRIL) TR oK JH: 27 > o A 4 48 O ™
et L, B

) 1 , m i}
min o) *+F 3 (6467

o

f(x) -y, <e+§&

s.t.dy, —f(x,) <e +§&, (4)
E,67=0 (i=1,2,-,m)

P ot 7%

LM A BB K B AL

Holm I J7 F e 43R0

A &8/

&

t

fx) = Y (o —a)K(x,x) +b (5)

=1

Hrp K(x,x,) =exp( —g (x-x,)")
itEP Oli* \al':ﬁfmﬁﬂﬂpﬁ/ﬂ Lagrange %%
K(x,x,) i 2 Mercer 551 B A% bR %, A

SR RBF A% e %R

ge— S K (—— S FF I AR



430

XUR A TORCTRE SO0 B9 S 1 S LR I AL R R T 145

SVM Z B BUE X SVM 2 ] F e fE J1 A 1R K
MISEIR o X T A% R RBF 1) SVM, H 240t 45
RBHF MBS g. SHF 285 R FIREATT
2R, HBE S T A AR ZE M %S H g
F18y SBCAEL R i AR AS (1 90 LR 98 B2 A G . HRITTE R
AEXEUE(CV) 1977 2T, A% &) fE 5 4k 3] CV
ST Y dv ey TN AE R A2, B4 R B A0 A L (HE L
BAERS . A TREMSTE T RVSHE A FHRREN S EF
g, $2 8 R RCR R AR T B AL 5 12 647 S 5
S,

2.3 SHIMR®

KL HEIC SR 12 (PSO) J& — R IR REIL L 55
% AE—A D HER I R s [\ b, il n AT 2 R
BEX = (X, X, X,) 38 i DR —4> D 4 1)
X, = (X, Xy, X)) B MR DRLFTE D 4k
R A PR AL, IR R — SV AE . Tl
SUN =R NESE QT R AV A S VA . €95 I VA (B TR VA2 8
B MR T IEEN v, = (0,05, ,0,) , AR
i P, = (P, Py e ) BRI 2 R P, =
(P Py Py) o BWENAR R TFERACH
V7 R

vfd” =(qud +er, (Pfd —Xf,,) +czr2(PZd —de) (6)

X=X vt (i=1,2,,m; d=1,2,-+-,D)
(7)
P o 5 AR A kUt

X35 § R TR b Y PR it

3B LU

19 5% 25 F HE f P0 B th J B f J  7
SIS I O 5 10 T B R,
[0, 1] Z I BB, BOPI/ 5 B K BB F 1
SREVE G S 5 T e A e, T LA R L
AME, IBRBCECR I o o TR T BB A 5
1 LA DB ) 0 A B/

PEATRRA, BeHA v, A v, s BPERUE o R LT
=4 4R 7R 5 I T R S A AU Jm S DL e
4 Jrg Fre L RE T B 1E o

w1 R TR AL S iR A7 A A By R S R
R BEAR e R AR RCR A i 7 Bk, 5L S48 4,
B Xk 256 88 A i L — s A R R A R 1k, T LA AT R AE
AR AN W 246 /0 1 b A 1 R S ) R BE 95 Bk
e R R B A B 07 B, 7 B R 28 (A T AR R A i)
REPR 5 B0 HE 2 B, 3R R 3005 SR B IR E A FT RE
RL AR 2R A oA BOE B (H AR R BN — o
LR o BN E R, W £ PSO 18 5K
it v BRI T BE R A B A o

3 KB
3.1 HARRKKR

IO RN — B T HRF 2 28 il 4%
Fehh B TR BN LA b, 78 14°C A0 X8 S
95% 1) G S T I 35 do TRy 1.7 .14 .21
28 .35 d J3 il IR, 45 B AN [a] A B i A1 R & A
[ AR AS ol 2ok A3 8 B A2 Dy 1 00 8 A SR S 01 45
MBFEMLR G E . BUUR 20 AR WSC - S Bl
0, 25 TR (6] B 1) i AT €0 2 D o . 0 o
B, B A A R VIR, R RAL B2 5 icfE - 70°C
UKARDRAT , Ak 2 002 0 e 00 40 2% A 7 D0 s A Dy
bR (B . ERTA5 5] 120 M REA B , U 72 4
ANTa] A I T AV E VI ZRAEAS 48 A VEINAEAS
3.2 XBWYRE

TE Matlab 7. 0 385 1 , #] J{ libsvm T H.4§ , #:47
TR RO AL B SVM [m] 5 Fo0im , B vk A an 1A 1
JiR, BB BRINE

(1) XPRE A B0H8 E 47 5 — b Tl 4 28, 7 2 )
FEAS R AE A o

() FHE B ik £, WA RN LT o |
b™a” /b7 € (a” /b7 ) 6 Ak TERE )G AL R b %

A
i J p——
N 1
B R TS
f
|E%ﬁ?ﬁ&%mﬁ‘

2R
i

SVM |2k EREH

SVM TG

AL S EL

A 4

AlC P RYRETY

\wmw%ﬁﬁwm

s B AR

Fig. 1

Process of experiment



146 gk Bl ¥

2012 4

BRI Fr 53 331 26 B AT 08— > S 5, S b Bk 1]
a” ZHAE R S B s 1 2 O IR B PR U U
D234, HEIFE T 2 S8, PSO B N R
BOE XN &yl -

(3)RLTREWIIAR AL o XRL T HEAH G S kA7 i
BLORLTREMEE O 72 D UNERREAR (X, XS, -, X)),
i MR TRAN AN R X, = (F,g),
PSO 53k R I 2 Bk B AR SCik b 38 ik
SEAME o WH 0, =0.9 0, =0.4;2% ] ] T
cy=c¢, =2, F g M RWE N F e[27,2'] g«
(279,20 ] 26K O 27 s & R i R BCH 200,

(4) & ] libsvm T H4H 1) SVM Il 25 e& 1 7E

T2 AAEAA A AT SR

(5) YN S5 e 453 SVM A6 T 36 H Ath A A BE 47 93
o AR R S AR AR T R 22N T 0.1 B
B B R R AL, AN Bl 2 32 2K (6) L (7)) BT R
THREM A C SR, J R 2 2 kA1

(6) T3 IZ A B R (3 N ALC {H, I 35T i
FERRIEAZ

(7) BRI b i X L FY SVM AR AL X0 ] X 4 v
AR RE AR AT 0TI 5 3 58 PO 5 A 5 (A AR S P A
WIriR%E.

i bR 72 AP AEA AT IR 5 5
VIS B, 45 Rk 1 PR .

R1 SYEBEEER

Tab.1 Results of selection of parameter model
SRR ik F FAl g AR B T B
a* LY, b, at /b, C, (a* /bt )? 13.713 3. 684 200 -289. 658
a*,L*, b, a* /b, C 14. 482 5.276 200 - 426.796
a* , L*,b" ,a" /b, (a"/b")? 10. 433 8. 865 200 —-346. 524
a*,L*,b*,C, (a*/b*)? 6.742 7.394 200 ~331.455
a*,L*,a* /b, C, (a*/b*)? 12.633 2.463 200 ~378. 644
a*, b, at /b, C, (at /bt )2 14.314 3.785 200 -317.766
a® , L7, b" ,a"/b" 14. 282 12. 574 200 -417.317
a*, L, 0" ,C 12. 683 11.373 200 -378.434
e, L, a"/b", C 11.357 10. 328 200 —-348.456
a*,b*,a* /b, C 8.623 3.564 200 -310.474
a*, L*, b, (a*/b")? 6.361 7.472 200 -318.426
a*,L*,a*/b*, (a*/b*)? 7.543 8. 634 200 -469. 267
a*, b, a* /b, (at /b )3 13. 498 5. 649 200 ~365.266
a*,L*,C, (a*/b")? 9.755 8.375 200 ~328.543
a*,b*,C, (a*/b")> 21.763 6.322 200 -356.392
a*,a*/b*, C, (a*/b*)? 13. 487 12. 143 200 ~418.362
a® ,L",b" 12. 455 3.467 200 -456. 678
a* ,L",a"/b" 12.561 6. 832 200 —-476.352
a*,L", C 14.519 12. 474 200 -501. 554
a®,L*, (a*/b")? 6.342 7.452 200 —-510. 385
a*,b",a"/b" 5.822 4.877 200 -523.747
a*,b",C 9.762 6. 684 200 -476.596
a*,b*, (a*/b*)? 5.655 8. 654 200 ~461.349
a*,a" /b, C, 7.482 3.615 200 -489.719
a®,a* /b, (a*/b")? 13.578 15.514 200 -475.323
a®, C, (a*/b")? 6.522 12.523 200 —-438.437
a”, L” 8.342 12. 764 200 -521.424
a®,b" 3.781 5.655 200 -540. 696
a*,a"/b" 2.171 8.364 200 -497.357
a*, C 6.382 5.613 200 -568. 766
a*, (a*/b*)? 10. 436 6. 862 200 ~534.392

HI 3% 1 AT ) 7E B0 R A LL R i S 8o FE
K 6 S BRI JIr A5 38 N B oA E(E S5 K, RS BB
Y S A, [k 3 Ao 36 4 00 U9 75 1 A L 1) e FE SVML (]
HZSHF Fl go DAL S EUBI A JOAH N SVM B it =

BOHEAT YN G A 20 TR RD o P 900 A 2R o S50 A
A HEAT BN I 55 b5 E (EL AT LA, 25 R AN IEL 2 i
T PR 75 3R 25 0 0. 297 98 AHSE R KN 0. 946,

2 2 g FHHT R A JURR P00 5 32 00 12 T A AR



%4 XU A« BE TR 1 D0 A SRR 1h) AL 7 il 21 3% 5 i T 147
o - HEAT TSSO He o 3EP B 1 A SO H ) Uy
3 o i B 2 S A s SR LT o O 3 R
% g 20 FRC 1S o B £ 01 0 000 0 3, ) 4 2
i 4 o HRC7 TR 9B S 4 Ca /b7 ) B9 LR I 7 .
I I it A H A 7 3 £ T B L 80 A o, o
£l e e CLAIEp S e P
-
0 5 10 1;{1/10{?}%5*6;?;)/435 40 45 50 4 gﬁﬁqiﬁ
2 B SR L LT R AN — A TSR R
Fig.2 Comparison of prediction results with calibration value

GRS T IE X A 40 R AT N R AR A Ok R

®2 BURMEHRELR R¥E o AR SCHE R I BL AR 27 2 J5 10 X — i B AR 4R

Tab.2 Comparison of different prediction model P DL R 4% A7 B = (] 7 o O B 1 o R A7 R A )
PR MORRRC B PR JHI SVM L 2 H0OR1 A bt 2 18 f AH G 2% 32 1
i 0946 0.298 3. 522 SVM il AIC A2 £ 19 SRR AL 322 R PSO B34
R0 aee s BT P SVM SRR A RN (L {6 .
Bas 0.734 19.871 74.326 A X BT $ T 3 5 A B T 3 P B O, BRI 1B
T 4 0.512 57.344 55. 467 jj‘?% E(Jﬁ‘&j(!l‘io
& % x Wt
1 Agarwal S, Rao A V. Tomato lycopene and its role in human health and chronic diseases [ J]. Canadian Medical Association

12

13

Journal, 2000, 163(6): 739 ~744.

Giovannucci E. Tomatoes, tomato-based products, lycopene, and cancer: review of the epidemiological literature [ J].
Journal of the National Cancer Institute, 1999, 91(4) . 317 ~331.

Heber D. Colorful cancer prevention: a-carotene, lycopene and lung cancer [ J]. American Journal of Clinical Nutrition,
2000, 72(4) : 901 ~902.

Rao A V, Agarwal S. Role of antioxidant lycopene in cancer and heart disease [ J]. Journal of American College of Nutrition,
2000, 19(5): 563 ~569.

Watada A, Norris K, Worthington J, et al. Estimation of chlorophyll and carotenoid contents of whole tomato by light
absorbance technique [ J]. Journal of Food Science, 1976, 41(2) . 329 ~332.

D’ Souza M, Singha S, Ingle M. Lycopene concentration of tomato fruit can be estimated from chromaticity values [ J]. Hort
Science, 1992, 27(5) . 465 ~466.

Arias R, Lee T C, Logendra L, et al. Correlation of lycopene measured by HPLC with the L™, a”, b~ color readings of a
hydroponic tomato and the relationship of maturity with color and lycopene content [ J]. Journal of Agricultural and Food
Chemistry, 2000, 48(5) : 1697 ~1702.

Davis A R, Fish W W, Perkins-Veazie P. A rapid spectrophotometric method for analyzing lycopene content in tomato and
tomato products [ J]. Postharvest Biology and Technology, 2003, 28(3) . 425 ~ 430

A, HokE, £FE, F. AU FAREFMAR S /ORI HEESE, 2008(11) : 10 ~ 14.
Guo Yanmei, Du Yongchen, Wang Xiaoxuan, et al. Studies on estimating lycopene content of tomato fruits by using color
difference meter [ J]. China Vegetables, 2008 (11) : 10 ~14. (in Chinese)

Lin S W, Ying K C, Chen S C, et al. Particle swarm optimization for parameter determination and feature selection of
support vector machines [ J]. Expert System with Application, 2008, 35(4): 1817 ~1 824.

Yan W, Shao H, Wang X. Soft sensing modeling based on support vector machine and Bayesian model selection [J].
Computers and Chemical Engineering, 2004, 28(8) : 1489 ~ 1 498.

Toor R K, Savage G P. Antioxidant activity in different fractions of tomatoes[ J]. Food Research International, 2005,
38(5): 487 ~494.

st FUORAE R T AL TR B SRR I EEHLA AR AL RN [T ] A HLARAE R ,2011,42(8) 1178 ~ 183.
Zhang Jianhua, Ji Ronghua, Yuan Xue, et al. Recognition of pest damage for cotton leaf based on RBF — SVM algorithm
[J]. Transactions of the Chinese Society for Agricultural Machinery, 2011,42(8) ;178 ~183. (in Chinese)

(THE 155 )



ARG e S INAORFRE AR I 2 A0 Rt s At 155

10

11

13

14

15

16

17

20

21

22

23

24

25

Fak, EIFR, EAW, & REWA IR R R LT]. Mol BHEIF &, 2011, 25(2) : 11 ~15.
JEIEE, EEF. ARl S ORI AL 2 R AT S LT ] T E R 2 4R, 2008, 23(2) :121 ~ 123,
Long Zhenghai, Wang Daoping. Chemical constituents of olive oil and from Camellia oleifera seed oil [ J]. Journal of the
Chinese Cereals and Oils Association, 2008, 23(2) : 121 ~123. (in Chinese)
BER, RCE. WAFF M TR ST IR S MM [T]. H g, 2010, 35(9) .13 ~17.
Luo Xiaolan, Zhu Wenxin. Processing technology of oil-tea Camellia seed oil and comprehensive utilization of Camellia
oleifera resources[ J]. China Oils and Fats, 2010, 35(9):13 ~17. (in Chinese)
MH . WRWRETT ZFMT]. Wi mB, 2010, 18(3) .24 ~28.
Lin Xiangyun. Development and utilization of Camellia oleifera[ J]. Science and Technology of Cereals Oils and Foods,
2010, 18(3) :24 ~28. (in Chinese)
PREIIE. A b2 scge [ M. dbat . Bhoe ik, 2008.
HKIMEZR. WEE S AMBTRBOR M. ST WK 2 A, 2006.
Zhao J, Liu T, Ma L, et al. Antioxidant and preventive effects of extract from nymphaea candida flower on in vitro
immunological liver injury of rat primary hepatocyte cultures[ J]. Evidence-based Complementary and Alternative Medicine,
2009, 6(1): 1 ~8.
Baltrugaityté V, Venskutonis P R, Ceksteryté V. Radical scavenging activity of different floral origin honey and beebread
phenolic extracts[ J]. Food Chemistry, 2007, 101(2): 502 ~514.
Wang A N, YI X W, Yu H F, et al. Free radical scavenging activity of Lactobacillus fermentum in vitro and its antioxidative
effect on growing-finishing pigs[ J]. Journal of Applied Microbiology, 2009, 107(4) :1 140 ~ 1 1438.
Li Yanhong, Jiang Bo, Zhang Tao, et al. Antioxidant and free radical-scavenging activities of chickpea protein hydrolysate
(CPH) [J]. Food Chemistry, 2008, 106(2) : 444 ~450.
Chua M T, Tung Y T, Chang S T. Antioxidant activities of ethanolic extracts from the twigs of Cinnamomum osmophloeum
[J]. Bioresource Technology, 2008, 99(6): 1918 ~1925.
Kaur G, Jabbar Z, Athar M, et al. Punica granatum ( pomegranate) flower extract possesses potent antioxidant activity and
abrogates Fe-NTA induced hepatotoxicity in mice[ J]. Food and Chemical Toxicology, 2006, 44(7) : 984 ~993.
Smirnoff N, Cumbes Q J. Hydroxyl radical scavenging activity of compatible solutes[ J]. Phytochemistry, 1989, 28 (4) .
1 057 ~1 060.
Yang Y, Liu W S, Han B Q, et al. Antioxidative properties of a newly synthesized 2-glucosamine-thiazolidine-4 ( R) -
carboxylic acid ( GIcNH2Cys) in mice[ J]. Nutrition Research, 2006, 26(7) : 369 ~377.
Medina-Navarro R, Durdn-Reyes G, Diaz-Flores M. Protein antioxidant response to the stress and the relationship between
molecular structure and antioxidant function [ J]. PLOS One, 2010, 5(1): 1 ~10.
Lee SJ, Oh P S, Ko J H, et al. Glycoprotein isolated from Gardenia jasminoides Ellis has a scavenging activity against
oxygen radicals and inhibits the oxygen radical-induced protein kinase C alpha and nuclear factor-kappa B in NIH/3T3 cells
[J]. Environmental Toxicology and Pharmacology,2006,21(1) .8 ~21.
Bk, 23, N, . FISRE QR HTEALTPIELT]. i LR, 2009,30(1) :139 ~ 141.
Duan Yufeng, Li Miao, Wang Yingqiang, Study on antioxidant of glycoprotein extraction( CSGP) of Salvia miltiorrhiza Bunge
[J]. Science and Technology of Food Industry, 2009,30(1):139 ~141. (in Chinese)

(L#EE 147 ]T)

14

16

B R, AU S BT RHE AR AL R LS — SVM A AR F A2 5L [T]. Al HLBK 241k ,2010,41(11) :168 ~172.
Li Xianfeng, Zhu Weixing, Ji Bin, et al. Weed identification based on features optimization and LS —SVM in the cotton field
[J]. Transactions of the Chinese Society for Agricultural Machinery, 2010,41(11) :168 ~172. (in Chinese)

ARAAHE. H T Y B SR ARSI 5B ELD]. SIE. P EBESHE AR, 2009.

Qi Pengxiang. Testing and research of body composition-based on bioelectrical impedance[ D]. Hefei: University of Science
and Technology of China, 2009. (in Chinese)

FKIEHE, EOCTE, BRI R TR VA SRR T T A R K LT ] HERE LA L AR A 4R ,2011,29(1) ¢
54 ~60.

Zhang Kuandi, Wang Guangqgian, Lii Hongxing, et al. Applying particle swarm optimization algorithm on normal depth
calculation of horse shoe section tunnel[ J]. Journal of Drainage and Irrigation Machinery Engineering, 2011,29 (1) :54 ~

60. (in Chinese)



