201445 H

7SO AR VI =

LHENE PR |

doi:10.6041/j. issn. 1000-1298.2014. 05. 035

ET=ZHEZNMERRNRERE RS

g% 5o

ok fiE A

o AEE HAE

(1. AR R 2 ol # AL 5 BRI R HE S22, Jb st 100083 5
2. ALK SR A SR 2 e, L AT 100083)

T AR R A S A RGRICE AR B A 8 S AR R, 42 SO B AR Sk S ) S i = 4k 8 R 458, 1k 1T i 47 30
PR R, 5 T R R A — B0 3 1 09 [ R A 5 1 %) B4R Sk AN S 400 AT B S bs 2 , 75 3 A1 2 ok 6 28 )R
V19 a2 e A I o ) S I T A R O AL 3 IBOHL i 9 5 B AU D5 ik A R R BB Xtion PRO 1 2y
2 B R SR B I LU R A A Dy Tl G, R i R O 1 3R T M 5 0% R U A A R R AT T X i
B, 45 R R W B BRb B S5 TR RE S A A Sl R sy AR B AR Sk A0 2 8, TR 2 BRSSO S 3R 22 7E 7. 50 mm L
PLZRGE LA 15 Wi/s (38 3 s R 4 B SR BUR 2278 4% LA iR RUE B i #1400k = sh i RO it i — i 22

KRG H T P ik R
KW YRR ZgEEE Hx WERGK
HESES: TP391.41; TP2737.5

51

PR RORBUR K &AM E M EZ AR, H
I 25 5 2 25 5K 7 S UPF 5 s o b % 3R ROBR BB
BRI BFTE 8 22 N T 3R IR B A BT A A
KBRS W R R A BRI R G A —
TE R BT 3L

FI AT, 29 A RO B 200 AN TR AR
RO Bz RO L A7 i sl e K AR AT 7, AR
RARK o FEW AR R RO A, B 2D HL 3R
WA AT YR AR 2 T S B AR R Bt
) 4 A R AU AR S, B S X AR AT AR GO E
CL N H AT RN E $5 4R B SR AR E . (2
H1 % AR e A5 B B PR T 3k R I = 4k = 18] A 5% /9 95
i, A Bl 4 2 i i T A R SRS . s iR A T
P23 R DRSS ) 11 A2 Ak L Bk = % 002 TE A 1 A
BB T R OR A A A e AR R
HZ I EN L2 5 8 B AR s AT FR R 4Rk
B, HL A6 67 8 X 45 SRR R B R . SR T
BB AE B B 3l A6 45 bR AR B, iz FH B AR DT e 5 3 ok
WUHRRIE L, 0 W 338 90% LA b, S HLIKR
VO3 RT3 65 R B R 4 X% 22 24 11 mm, A X
BRZEEN 0. 8% , G BEW 2 PV E 255K, 58 42 fiE

il

Wk H#1: 2013 06 -07 &[0l H . 2013 -07 —25
o R GRS B 5 H (2012BAD35B02)

XHEKFRIRAG: A

X E S 1000-1298(2014)05-0227-06

RTTIEE IR TIEERCRT ™ H X 26 TF 52 0
A B 0 S R TR, T AR 25 R R AR
FL G5 B 00 B8 ) D I 44 Ak B B IR 25 1E 5%
KBS 2% mifm A H HETIZ IS 2
SEEF TR B PR o I AR X B0 4 A RS A I 1 A
LR g W B i AR S 45 R AL %
My VR R S FRR A, M 17T X MM 2 R 5
FRER PRI (H 8 ST 25 % B AR i, I A
WS B  B E E BLE . R B i PR R A
BB AL I B 4 2 R R 4 7 A
SRS X 20 11 A 0 BRI B AT AR O R %
RAE B, RS S EE VS, IO AT LA
B = 2 Fe T A G VIR o Kl B B 0 % R T
SHCHR[8 - 10], 7655 i ¢ R W& S, o R
FH O W05 S50 AT O RO 4 Y
T TR S, IF L X PR 15 5RO Rk
200, T 15 ) S A 7 v S R R AR R A R
g b, HHT SR8 B 3 Ak 48 bR iy i s gk
T 4k PRGN 55 4 b G R o 30 £ 30 3 ok 52 B3
R, X 000 £ 3 5 e B Ol B S B SR AR AR L TE
SRR P o A LA F 0 R, HL 2D HLES PO B R A
£ AN RE B IRURN 31 4 B U i G R A S 5 AR
3D HLESHLRE B AR B A A 1 O B A

TEER AT 300 4, FEMNEFE 3D (5 23RBS A # 3 RFST , E-mail: guohaolys@ gmail. com
BIRAEE : REE, Z8, LA, FZENFALAE B ALTIF , E-mail : zhudehai@ 263. net



228 & A Bl B ¥ i

2014 4

BRI A ] TR R R R A
AG TN A= 58 . bt A SCH I 52 B
VRIS L T i Bl s i T A R GG ok ftk 4t 1CP
P HE R BB AQTH T, 2 2 T BE PR AR — B3
5 10 BRAR E 15 0 15 18k A 2 Bt AT 2 A SR E
PETT A AR E 2 BORC v ik B S B . NIRRT
A9 AT AT P FIORS JEE , BB B Xtion PRO A2 i 5 B4l >R
VA I LR N TN B, R R BE oL F14t
ASCE 3t a5 = B H 5 0 AR G 1 B AT R L
5.

1 WREBGI=ZHFERFLIT

L1 =Z#EBHRBEGRGRT

NE Y, VO BUR R C  = 4
HAG ., “HEERZ LMD 2 DR HER
S TR HURE A S AR TR bk S AR Y
Hent b, O R G AR RSN 1 B,
HI TR BE 3545k S0 2 JObR 5 | TR) 22 35 HOBUTR JEE 438 153k
B K A 4 B ) — A AR A A0 52 B 3l
R Herp Al 2 3R BOSARAZ Sk B e BBk 2 O 1 AR 8
A0 1) — sk 22 B | DRAIE SR 19 5 A — B
AR Sk A S Bk 7 1 R i i 4 H 9 2 T RE LR A
— Bk 4 A S ER bR E R BRI 2 MRSk A B
B0HE =2 TA) 1 28 F6 R 5 5000 A 4 ) [) — A s R BB
Je T PR [ A5 R 25 A B A5k b i B 552
I AE B [A] — AL bR AR T, 1XRE A E A Sl W R K
P 5 0 UTR JEE 405 Sk B A e 3 W] — AR FR R T 2 A
FeBR— L B R A BB S AL SE L TUAL B B S
JHVEE S T 4% 194 A K K 0 5 M sl 0k R T e oG
AR BRSNS 3 A Bl 3R AR R A S8 R 4
RUBIBT S, T AR A 58 L 0 sl 1R R

| — ™
YRR N SRz | IUJ%/FZJQRUX%EZ*
L B
| g H S e \
v
S | S B B |
ek 2 S —— I

Bl REHAEER

Fig. 1  Software module

1.2 SZHERA

A B BCE )7 T 26T 1CP R[] A8 Ff i 76
LT ME A L T AR A B R M T k. BT
ICP ()L 55 ik Ok AR B 25 0 B A R i e /D, I
HBEBEFTREEERWG AR 2 4552 0%

UGBTI R B FRIN B AR AT 9T P Gk s 3
X PR AR IBCH BRI AT I T A 2R . B Rk T AR AR
0 753, e 0 S (o P A ol 00 Dy 3k 0 B2 A R 4
] 5P e Jeg A B AR T AR AR, R B A% A4 SR A B R
554 JRy A bR AR 22 (] 4 2 Hft, A TG I R T B0
FHEN AR e, I RE B] DL AR IR 52 I, HL I ME RS R A
1o TSI A T AN [ 2 e 0 BB 2 A s A
S AR R AT AL GPS 4, B AR L)
HD T B R Jr 2 o SR B R 1y X
{45 HLUSCAIG, 2R mi 2 AR BB A (B I 3
WFFET 2o i T AR T AR R B R O
HoN ThE i #E0 A 34, % 18 2 B HLRAE — Erk
TR SR LT RE LR B — bk 9 4
F 3l [ BR AR A 25 AR 2 TR B R AR Sk R i A A &R
Z IS S AR e 2 S8 R B
L.2.1 ST BEHLRAE—Bobk ry 42 A 2l 3 Bkpr e
FESLUNIEL 2 B s AT o AR AR R C R G
IR 2R 2 A TR B AR Sk AR BURY TR R B9 AR bR
o 3 AMTESRAG K A LG A AR AN [ 14 /) B 2R 2
PN i i fF PN AR #E 8, I BRI  0,.0,.0, =5
[F1) A B T oA 3 350 A B 2R 22 1) B9 728 0 L I, 5 A 2
AN TR BE B8R Y 1 2 Rl rp A I 5 R L A%
B ER . AP 3 AN B BRI , BIAE 2 AR b &
PA 2 HXFRLAY 3 A AR AR 5, X RE B AT AR 46 A2
W SR A 5 B R AG T A S B To B 7 7
VAR AN E 3 B, R YR B B R ie A TR B
B3k R R AR — WS = 8l , 75 2 SEAR 0 R TR
HLRAE — SOV AS TP 1K 5 25 2 v B0 K B i
(M AT 350 B ) 50 M B3k 3, B 25 1 1 i, B AT 0 35 R
FHBE B R A — SO A T s (94 3K, A1 3R — 4 3
A3 T e AR R OGS RO B 2 A L 3 A (B A it
PASE 1A BRBCK BN A s RN B 25 M o 45 ok
[IFEAR AR 2 MRBERAAR S o HoE i 2 ARk
AL FRS  AFREAT 2 A AR bR R T B9 3 A A (A s AR
L H) AR AR R AR AN A R 3 A2 (8] A5 22 1] 1 %)
LS AR , foe i M 3 A 23 18] %6 0 B AT A 3 i A2
Bt T, A7 6 o A o 3 A 48 1 g A il 2
—# M. %’;ﬁfé%ﬁ%?@%%ﬁﬁ%%f%m%ﬁ*

OO3
c
=0/~
g Oo, b

B2 s iR T

Fig.2 Calibration model



%5 1

SR A T R AR SR RO IUE AL R 5 229

s Bk D PIE/CHEILSS

v

ARG S 25 B

BEHLR A — A b 2R

v

W FEHLRAE— A I F-

FEAETRA
PR RIER?

M4 A R A R
AREL2 21 3428 )X A,

4
TS T

— | MBRAR I EE i LR |

MBS 38 5 L g PR,
FEAEAHFIER (1) B0 A2 42

(E I T 4 e |

Fig.3 Calibration program flow chart

SO - 17 5 BRAS I 0 B A
L2.1.1 T RENLRAE— vk 04 8 Bk 55 8 1k )
T 7B S WA AR AT RR A B R BR 04 B
AT DA AE AR 435 Sk L W 3 AT 6,
A FE WO A R TEBEAT bR 2 B, AR AR Sk
ORI 5 2 B0H 2 Bk O LRI BR MRS DL B — 2k
JF Al T L 689 S R D0 /N A o T R P R R G
AN FIU) /NP A P 55 ) e R B R T L AT Y
TR Bk A TR ARG 0 5 32 ok %o 6 R 0 A7 G T R 0 i
T B AL SR A — SO T R A W 5 3 02 A AE B R 5
A3 N A 5 B AT R R I vk 2 — T
R 5 A1 R A — 0 A 3 S DU P 1 5 [ 1 5 9 £
BT .

input pointcloud,n,k,t,d; /%A S = . RE LR
HEZH
iterations = 0; best_model = null; best_consensus_
set = null;best_error = o ;
while ( iterations < k )
{
maybe_inliers = get_random_samples( pointcloud) ;
/) R B LR AEAE S A AR
maybe _ model = compute _ model _ coefficients

/TN A TR 2 5L
// A R R

(maybe_inliers) ;
consensus_set = maybe_inliers;
fb—B S
for (iterator, point = pointcloud ( iterator) , iterator

/38 AN TN Y AR

+ +)
{
if (is_insideof( maybe_inliers, point) ) continue;

/AR R TN Bk S 2 Ak B
if (is_fitto( maybe_model, point) &&fit_error < t)
/IR R SR R 22N T

add_pointto ( consensus_set, point) ;

/¥ R

A 4
JSHOERBRILE | 1 e
mE|— B S
if( sizeof(consensus_set) >d) / —FEES
FHITREH KT d
| better_model = compute_model_coefficients
(consensus_set) ; // J—E LA by s LR
this_error = compute_model_error( consensus_
set) ;1 // AL TR R A R 2%
if ( this_error < best_error ) /&K /PNTiRE
R
{ best_model = better_model; /f7fig B
i e 0 7Y
best_consensus_set = consensus_set; // ﬁ
fift AT N SRS
best_error = this_error;} // 7Efi% B Hi & /D
)R 22

%

iterations + + ;
%
return best_model, best_consensus_set, best_error;
/) K R B AR N ORI, 1R 22
DL b 02 kT Bl AL R A — SOPE Y — M Bk Al
B TEAWESE R R AT T A0 BR AR Bt HSF
T A% 7 1) 96 B8 1E MU AE LR

nx = -p (1)
H ﬁ:(nl,n},,nz)
At n——F WL 7 1]
p—F I8 ) Ji A B

FF A7 LD B LR A — S0 M A 25 o 4 0 1
0 L n, o o, p FE 8 B R A 3B
o BRSO & XN

(x=x)2+(y=3)  +(z=2)7=r  (2)
S g g vz BRI 7R MR AL A 5 o A AR
IR BR 1 ) 15

r



230 | 1 R A= 20144
1.2.1.2 AR 840 MEAd 1 Bimh P IRHAT COFL N

P BEHLRAE — S PE R R e 2 s b 3 A4 P=P, +TP, (8)
53 BRAG I F , 38 A [0 B AR AR 2 e B RO AR AR (s K TP, K P, T A 4 T W C, B3| C,

Yoszo)  BZARI 2 AL HITE 2 AR AL AR R T Y
X I S B A 2 Xk o s, Xof BRIV AT 47 28 5 114
fliite W R BG4 Bl b A S 0
(SVD) 52— b J7 o o 5 5K Mt WA 22 $e 2 K 5 i
AMIETE R IZ 5 1 47 728 A8 [ Al 3, it A HU A
BT A5 1 1] RBUA RS (9 SR A A o iR b T AR
WAy 2 ZHXF N AR A FI B, N B E AR I AR
A LA R 9 IR A G AR

a =Rb +t (i=0,1,2) (3)
A= {(li}
B=1b,]

A R—3 x 3 WlEE A
t—3 x 1 PR
TERIFH SVD J5 25 3K WU I A5 4 A 22 8] 19 e %
FEEHT B DL B SR G &4k Procustes 1F W 4k 4L 31,
T SEHEAT PO D B 75 20X N SR A R Gy

1
Cd = ?iZIa,
3 (4)
1
C, = ?; bi
AL C,.C,——XF N iAo
U EIRD RS N E R AN
2
g(R,t)=Y |a/-Rb|’ (5)
1=0

Hrpal =a,-C,,b/=b, -C,, /MLEREE g, 1)
AR AR IR A BE R, R A SVD 5 ik, 1 e 15 B 40
23

2

s= 3 ab! (6)

X FHFE S PEAT AT SRAE S0 S = UMV' | i
EeAEME R =VU', H det (R) =1 Dh%5BaT, 75 ] 431
75 B e G B o TR o 2SRASIERL 46/ R )5,
FIF C, =RC, +t IB%5 5 RAF VB, 55 A e
AR R - 1) i, SR AT B W A bR R 22 8] 19 7R e
s

R ¢
= [0 0 0 1] b
12,2 BUPR BE AR Sk A = 508 TE o XS 5%

R T NRUGR BE FRAG K AR B Bl Wy 4= &, 5 2200 2
A JR TR AL AR FR B S s B AR e B ] — AR R T . R
WRIRBEAGL & AR RN C, . C, 3R S &
A5 PP, B bR 2 R G RI 2 AR R R
KA RZ B AR T, A B 1 5 &

N A s PN TP, AT IR IR A, R A A R E W)
—MBR R C, N RIS T 2 4 B BCHERS 5

2 ERERSZTURHEERVE

2.1 EERHIU

BADRG N B TR A = B A A
T 7 AR 2 2 52 B I R S AR OR 3 Ay . R
Windows7 #: {E & 4. OpenNIl1. 5.4, Eigen3.0.5,
FLANNI1. 7.1 ,CGAIA. 0 Microsoft Visual C + + 2010
Be B A AT A7 B 3 52 8. Horpr OpenNI 2 R4
BRI 2z B 1 R, Eigen S fiff D A5 T BEAL R A
— BOME S5 A5G A AE M 2 4 BIr R TR 4 1% FLANN
SRS R BEAT AR h T AR 18 A ISR AR 0 R,
COAL 45k 1 5 25 A OC #4110 ik il 5 #1445 4 A 5%
o TV ERBEMFG, MM C+ + WfEES,
3 ) S BB LA A AR G FAE 2R Bl ) A5 B TR 2B 3k
YK S I A, 8 2 5 B =K 4 SR B S 7Y T R
{4 Meshlab #717 .
2.2 H/EHEIMHSERIKRE

= HEH A S Y, R ROAT 3 i I R = Bie
R0 22 ] P B A 3, A A 500 N = R
e B ER R, B AR A g e s 1 i 0y =K, A
T.AE Meshlab w3t 5 I 5, #5428 I 0 22 18] F9) B B
AT R RO o AR, T = 4 B S AR
5 U T2 B W MR SR B TR R R, A TE TN R 2R B
A R N P S N A AR A )
AR IRAL PR IR 22RO o I, i B0 DA s 2 Hdle
Fh A I I AT R R A B, AT 5 SR A AR
FLHY ke SR 18 A bR A Dy B 28 B0 I A AR E AT 0T
B, DA IR 22 o B i3 i 35 3 4 BRUATL Al 3 I
AP H R IR P(i=0,1, k), DI g

1

k
Prn:?Z P[ (9)

AP,
3 RBRERKSH

PR30 45— 1] Xtion PRO M 41 75 404 5 4 1%
G MM T SUA )2 B, A B 9 LR 7
Sy o U, 7 (B R AR, O L AL B9 7 o 1 R o
AT R R R A LA 384 4~ CUDA B4
O GTX 580 M .16 GB N 1£. 17 4b FH 25 1
FireBat — F730 8 5 2% i1 5% L, {1 i 1 £ i) 9 1
Ve, TSR R PR A, o e Al KA

82 8Z SN



55 1

SR A T R AR SR RO IUE AL R 5 231

TR AR A Wy R B TR PR = AR, N
THRORAS ZR G0 AR WU T R0 RS B B R AR B2
fil =X VIVID 910 7 = 2 4 i W 1 e 22 3 14 % 4 2R A7
3 1 P R AR IR = s, HRIEAS B X 0 0. 22 mm
Y 4 0.16 mm Z 2N 0. 10 mm, g% % 5 38 B 3% 26
THT (e A 32 SRR A o B A o 2 25 0 dis o T) sl )
RO AH G AR (PR R K R 96 V56 #8472
IR AR O R R S B

WIS R W 4 F 1 PR, 8 T RIS
A 5 2 B0 0 2 N 10 AN AN [ 19 1R A 3 IBCECHE
TR A 355 BURR V2 0 % P 00 A A 5080 o 25 DX L T
B TR, WS H A A Lk
HEAT HCE 5 AR BRSSP A U8 B B AR Sk AR IR At
B LORRR B, A BB 6% B 25 A R R T — U,
RIS b TR R ek . AR GH 2 MR
183k ) 25 R B B8 LA 15 it/ s S8 6 ofE s A5 21 40
4 FT 7 I B | 2 B AR I I A AR
it R AFLA A RO e 6 5 5, 9T AT L 5 1
Bl LRl IR SR RO . B 4g T 4
ASCHE M S 1 55080 R0 i A R 0 AR IO A 1R = 4 05 = 8K
P AE L A R AT 0 I 2 43 BT, 26 4 iR R

P4 SR R X EE A R
Fig.4 Results of reconstruction and accuracy comparison
(a) FREROLAMITC (b) EREAL
(c) ML RREEZAMAESE  (d) B HBEBGSL R 5 = K
(e) T BRAFECHESS RO () SRS RC AL
() BLWES B B8ORS B R G4 R R E T
(h) AR5 5 F R BRSSO EUR R 22 0 M

B 6] fg 22 #£ 7.00 mm Z PN 09 # 43, 480 8Os
90. 00% LA - i) 78 738 J& T I M 22 Y BBl 2 9, HL A K
22 A ML 50. 00 mm, FEAS H BUAE 1 S0 A7 40 4% Sk
T B ER A I M R S S A e i SR A R A A v 22
9.32 mm, ¥ 77 % 2504 11.61 mm, - ¥R 22 N
7.43 mm, BEETR AR 2E b 2 W A, —FR
I3 0 BE T R A BR 2, 73 — B R JEE A Sk AR
B AR B R 22 o OGN B0 5 5 H TR it
PR AR i B A7 %0 b, 25 R A1 4h s,
LAY TR W 22 7E 3. 00 mm AN YR 4Y, G B
7R 96.40% L b i K #B IR T b 22 Bl 2 N, HL
RRRZEAM T 10. 00 mm, fRfEZE 11. 19 mm, #5775
WERZE 11,43 mm 2R 208 3. 57 mm, A
SCHE bR E AR GE PRI A TR 22 0 4 mm, iR
ZEAEAO N ] AT DL 32 . & 1 4 T A
ASC R A AR T R AT A R RO T T A R
(X EL A5 2R o e Fp R O 3 T AR A6 B A Al 2 7% 5L
WKL LT 3A 28 B SR 3 R34, T BR A
PRSI AR 2E o DA (ORI Bz RO 0 BB i A R
PO FLE, A5 R R, A AR LT LAt 3 46
BRZEW /N, X O R R 8 XY J7 [ 7 R
i TP R I AE XY J7 1) 5 Z b 0 B AR A A
3AMEARAE Z BhO5 i) b EEEE AR G AR BORY A RO
s 4 X R 2276 20 mm DLPY 46 %0 15 22 5 0 R
9 R/INHA S, AN BBAR S SRR DR 22 M 1R 22 K B 1 U
B RUST IR/INAT 45 5 B 52 W, R PR B AR X R 25 TE 4%
AP, 7E AR B 32 21 3l Wy o RO 119 122 22 25K
x1 AEMNERVEZRZIMMNEAERFTER
Tab.1 Comparison of results from three

methods of body measurement

W7 50 HE/mm K/ mm 558/ mm 5/ mm
HHYL 661. 65 984. 30 285. 89 316.37
KR 660. 20 984. 10 286. 50 316.9
HAH 660. 93 984. 20 286. 20 316. 64
HRERG 663.37  1003.12  290.54 327.67
2 %] 15 2 /mm 2.44 18.92 4.34 11.03
AT R 22/ % 0.37 1.92 1.52 3.49

4 HRiIF

PR IR BT WUTR BE 4545k Bl S vk = 2 FE
A YL, BB Xtion PRO 1y i = i R B4, I LU
FEARAAE D FEE G B, M) R R OGS R
B 5% R G @R IR R = B AT TR
%o SRR, BOTE Y FE T REALRAE — B A I
I3 Bk b A 15 BE A% PR3 | A 8l b AR MO OD 28, BT AR
2N S0 2 HnT LK [R] A8 OB 55815k AU A



232 & ol HLOM ¥ R 20144

DB, 1S Wi/s HOEE AT RCAE, SE B E A, B g ARG E AR AT I R RURN R T R R R AT T
H B B AR SR R S = 8 S5 m R ORI X E AHRHR 25 7E 4% DL, B A Rk b sl i ik R
ARG XS LG, I 22y 3. 57 mm M BCHE S M B SRR ZEZOR X =4 B g R g0 il i T Ak A4 ™
5RO ORI s e, R R B s R R

7.43 mm, JF DOZBCHE 7 E AT A R XL

10
11

12

17

2 £ x W

X[l B R A S 2R, 45 AR T HLAS AL 10 4 A A RO s 4R Bk S AT LT ] R0l AR 2% 4 ,2013,29(2) 161 — 168.
Liu Tonghai, Teng Guanghui, Fu Weisen, et al. Extraction algorithms and applications of pig body size measurement points based
on computer vision[ J|. Transactions of the CSAE,2013,29(2) :161 —168. (in Chinese)
B SRAEIR . A RSN E B X RGBT LT] - Rl TAREH,1995,11(2) 132 - 36.
Yang Yinsheng, Zhang Dejun. An expert system developed for linear classification of cow appearance [ J]. Transactions of the
CSAE, 1995, 11(2): 32 -36. (in Chinese)
ER AR, B4, A6 DA R E Sk AR R R G [T ] AR WL~ ,2009,40(2) 176 - 179.
Yan Zhen, Qian Dongping, Wang Dongping, et al. 3D synchronization imaging system for linear appraisal of dairy cow
conformation[ J]. Transactions of the Chinese Society for Agricultural Machinery, 2009, 40(2) :176 —179. (in Chinese)
BRI = AR BT A B E R A5 B ARG ELT]. Al TR ,1996,12(3) : 149 - 152.
Chen Shunsan, Wang Maohua, Tan Meifang. OpenGL study on diary cow conformation image information system[ J]. Transactions
of the CSAE,1996,12(3) :149 —152. (in Chinese)
Qian Dongping, Wang Wendi, Huo Xiaojing, et al. Study on linear appraisal of dairy cow’s conformation based on image
processing[ M] // IFIP Advances in Information and Communication Technology, Vol 258 Computer and Computing Technologies
in Agriculture, Volume 1. 2007,258:303 - 312.
R BOR T, SOl A ST BB AL B R 1 W A A R T R [T ] R LA i , 2007 ,38(4) 111 - 113,
Huang Junran, Qian Dongping, Wang Wendi, et al. Developing linear appraisal of dairy cow conformation system with image
processing technique [ J]. Transactions of the Chinese Society for Agricultural Machinery, 2007, 38 (4): 111 - 113. (in
Chinese)
Zwertvaegher I, Baert J, Vangeyte J, et al. Objective measuring technique for teat dimensions of dairy cows [ J]. Biosystems
Engineering,2011,110(2) :206 - 212.
John C D. System and method for measuring animals. USA, 8036429 [P].2011 —-10—-11.
Marshall S. Kriesel. Apparatus and methods for the volumetric and dimensional measurement of livestock. USA, 7214128 [P].
2007 — 05 —08.
Mats N. Method and an apparatus for examination of milking animals. USA, 6860226 P]. 2005 —05 —01.
Wu J H, Tillett R, McFarlane N, et al. Extracting the three-dimensional shape of live pigs using stereo photogrammetry [ J].
Computers And Electronics in Agriculture, 2004 ,44(3) .203 -222.
Leberl F, Irschara A, Pock T,et al. Point clouds: lidar versus 3d vision [ J]. Photogrammetric Engineering and Remote Sensing,
2010, 76(10) ; 1123 - 1134.
Garlie T N, Obusek J P, Corner B D, et al. Comparison of body fat estimates using 3d digital laser scans, direct manual
anthropometry, and dxa in men[ J]. American Journal of Human Biology, 2010,22(5) :695 - 701.
Bo L, Ren X, Fox D. Unsupervised feature learning for RGB-D based object recognition [ C] // Experimental Robotics. The 13th
International Symposium on Experimental Robotics,2012,4:387 —402.
INGEAR, BEEE, X, . BT ARICRESRM RN =48 A3hiHELT]. SUR % L&, 2013,21(1) :174 - 180.
Sun Junhua,She Ping,Liu Zhen, et al. Automatic 3D point cloud registration based on hierarchical block global search[ J]. Optics
and Precision Engineering,2013,21(1) :174 - 180. (in Chinese)
M, g6, 2. WERIGRAER ZRITENFRIT]. WL, 2012,37(3) 141 -43.
Tian Hui, Zhou Shaoguang, Li Hao. A method of automatically registering point cloud data based on range images[ J]. Science of
Surveying and Mapping,2012,37(3) :41 —43. (in Chinese)
Zhou F Q, Cui Y, Wang Y X, et al. Accurate and robust estimation of camera parameters using RANSAC[ J]. Optics And Lasers
In Engineering, 2013,51(3) :197 -212.
(TH % 246 TT)



246 & ol HLOM ¥ R 20144

Abstract; In order to solve the problem of low prediction accuracy and bad robustness of the traditional
forecasting methods in water quality, this paper put forward the prediction model for pH value of
aquaculture water quality based on the principal component analysis ( PCA) and least squares support
vector machine (LSSVM ), which the hyper-parameters is optimized by modified cultural artificial fish-
swarm algorithm ( MCAFA ). The dimension of aquiculture ecologic environmental data was reduced by
principal component analysis; double evolutionary mechanism of cultural algorithm for reference was
applied and LSSVM was taken as an artificial fish; belief space was used to guide the shoal evolution step
size, global search direction and Cauchy mutation to improve the diversity of the artificial fish swarm; so
the optimal hyper-parameters nonlinear pH value prediction model was automatically obtained. Based on
the prediction model, the water quality on-line monitoring was predicted for a high-density aquaculture
pond from September 1, 2011 to September 4, 2011 in Yixing city, Jiangsu province. Experimental
results show that the PCA — MCAFA — LSSVM prediction model has good prediction effect than the ant
colony algorithm-LSSVM and genetic algorithm-LSSVM. The absolute error of the 93. 05% test samples is
less than 8% , and the max absolute error is only 11. 61% ; the root-mean-square error, average absolute
relative error and the running time are 0. 047 4, 0. 004 1 and 4. 367 s respectively, which are better than
those from the other models. It is obvious that PCA — MCAFA — LSSVM prediction model has low
computational complexity and high forecast accuracy. It can provide the decision basis for the water
quality controlling in the high density eriocheir sinensis culture.
Key words: Aquaculture water quality pH value forecasting Cultural artificial fish-swarm algorithm
Least squares support vector regression  Parameter optimization  Principal component

analysis
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Abstract; In order to improve the accuracy, efficiency and automatic degree of existing acquisition
techniques of animal’ s conformation, based on two depth cameras, a real time system which can
reconstruct the animal for body measurement, an automatic ball-target-based method for the extrinsic
calibration of reconstruction system which is based on RANSAC were put forward. The extrinsic
parameters can be used for registering point clouds acquired synchronously from depth camera in real
time. And then, interactive measuring method which is optimized in picking mode for body measurement
was used to get shape traits of animal. Xtion PRO was chosen as data acquisition equipment, and taking
the pig specimen as an example, point clouds data acquired from high precision laser scanner was applied
to evaluation of the system. The results show that the ball-target-based method can get the extrinsic
parameters of depth camera automatically; the average error of registered data is less than 7. 50 mm; the
speed of reconstructing the whole pig can reach in excess of 15 f/s; body measurement error is less than
4% . So the system can be applied to body measurements in agricultural field.

Key words: Body measurement 3D Reconstruction Point cloud Depth camera



