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Parameter Extraction of Lameness Cows Based on 3-Dimensional Reaction Force
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Abstract
ination rate increased, leads to great economic losses, but also artificial detection will spend a lot of time. Using three-dimensional stress

(College of Mechanical and Electrical Engineering, Inner Mongolia Agricultural Uni-
The cow limping widely exists in the farms, which not only affects the normal physiological activities of dairy cows, makes the elim-

measurement system to identify the supporting phase of the walking cow, and then obtain the complete support phase of the front and back. The
method is based on clustering of Centre of Pressure (COP) trace points over space and time, combined with logical sequencing of stance pha-
ses based on the dynamics of quadrupeds walking. These COP clusters were identified as complete or incomplete, then separated into the fore
stance phase or hind stance phase. Through the computer automatic recognition program obtained fore and hind complete stance phase, extract
the six main characteristic parameters. Experimental data show that the design can be used for cow gait analysis, limp judgment, which will
realize pasture to collect data automatically for unsupervised gait analysis.

Key words

Wy T FE Al ) B EE2H AR 23, He R SR fie gt 7 Ol
PTG SE A RO F i 1 R B R R TR A B
S B 2012 AFR RE WA AF A i LA 3 1 440 T3k,
FLA S = Rk E) 2 545 07 ¢ . ERTIRE A4 0 A0 9%
ISR AR EZ A 1710, BT LA E A 5 e HH 2 18
(Y EIZR WMl A2 FR TR M e AR K B B 4R
T W A A BELAE 1 4075l P o A e, SR o St 0 9 5
R BATRIOR TAB RS K Y  Jageit, &
FE A BA TR B AR 1K 5. 7% ~54.9% o EAMUSE
B ACIROLT B, AR A= 4™, T ELBSEA 7 el 73 2 2 PR R i
2 3 AR, R, BB FIETT R R A R IR
N TS A BA T X T AN W7 R Fey L ] it b R s R
e WIFRIBAT 2R — PSSR BT YR T
IEHATEMI AT ESNE LIRS A B2 EES
WA, AT 25U N A ok il TR R UAEAEL T g P18 S
T TR T fd [ 2 58 £ JE D ik 11 I LA A 3
Mo B, AATTAT RUR RIS A Sh 3 IO A4 i R iE S 4L
FIBTA TR I HAEA T A T3

WA BT U T R R e W0 . MR
NG A 5 RSk DL A 2 A T T AP R o
FHATIB Ao . ZIT IR, TARR R, S i fe

HE&WH R B ARAF AL A (61563042)
EERN AHE989-),k, AR FFREHA MR L, A

FE R IEH AR R AR, @A H, B, NFE
AL, TAZ R AU, — kAL 77 & 69 BF 5o

Wi EHH# 2015-10-30

Lameness; Three dimensional force; Automatic identification; Stance phase; Characteristic values

HITIE] . HAT, EA —Leirre sl A sl BT, o,
RIS G R B RAT A SR, S AT G
PR AR, 1 T T 7 2 ) S B AT, B B T I 94T, 4
PG B (R R, R RARAR T ™ 2R BT B 2
(FPRFHE R AT BT B S A . Pluk %1 AR 4 R 4R
AR AT AE I B T P A5 R H U S S s , W A4 B AT
Tasch %R FH Hb 10 1) FIAE S SRR %ol s a4
RS SRl T 17 ) e, W5 4 AT e T
PR SIS DRl T 23 b i e 51 TS B AT
FEUFIN T AR 8] 2 3 2RO SCHRAF REL, [EN
S AN/ N IN B 2R e E P S RS U RN EZI N
75 T R RIFFEIEAL TR AP B BE , AT B e B BERMIES %

AT E A2 ) TR = 2 i 0 R 4 A 3l R 4R
i B AT IR M B A S TSR T L (COP)
A AN T B LA RO R B2 A1 o I 23 o % ) SR AR 1
OrES o MAEIHUYE S SO AR N R 5% T S BT A
KA HUTTE (BT Ty P2 ) A i RE A SR 1] 2P KA
XIFRYE 6 ANRFIEAE, L AEASER 2, S J5 301 A0 25 03 e i
TR TP LA .
1 Wil R%

DR GE P47 (9 =40 AR A s 5 4
WA T R GEH) T 2Ry, Ze AT IR SE 0 R 19 3D i R ) i
INZREAE —HRBIGE b, T b4 — )2 R B A LA
WS BEAE T o AR W BRI 3 AR () A2 2 B AR, v B 3
o, AR AR 75 1 5 2 e e e T I e A R A S
{37, 7 HE TR B T 1155

IR GO E T Hr 0t ng i 1o Bk WA B 005 B



43 %34 X HEF

BT =Y B Ay S AT A 2 SRR A S 8 4R IR 15

W7 ER B e AR T, ST A SR
for , BEAGH W54 19 1D -5 0 e G 7 0 e 41, BEAS
UER A AN 108 T8 5 T BZATE , s A R e —
SL3 K S TP O N €6l o) |5 e SR £ S iR u ) | B2 E AL
T TE RIS AP AR RS R0 A R T AR i e S 25
H— R IR ST R TR, (R RO A (947 3 K
X — R IVEE AR — U . W9 A4 7 4 U i AT 22
TEFERRIPRE . LRGN LA 1,

/

\
x / 5
X

V1L R 52, 3R 53. ZEILFE JTHR 4. AT JIHR 5. A
1l WRRGLEHRER

BT R BB AR A A T T 132 3 (Fx) (i
ST 32 01 (Fy ) FEE 5 10 0 1 (Fz) B FEXT R A
(Mx My Mz) (%545 . A MATLAB 04 5 4b B9 10 5% R
B . AT SR TG S RO S 4 0k I AR
J¥ o BT HLE 3D B35 AR, Bk AR T S (R
UBIE o UBIHE RSO L A0 R AE o A A B B AR 45 D A
BB ORAUEA FE 5 1Y TE R385, 10 = 5T 4R A5 5 it
il SRIG  RRUB S B SRR TR AR SR IO 23 A ol 58
e NHLAE , THRHLRE % 52 I0EE fil 11 17 g 70 A5 55 s Tl i 2k
SCHEAR 00 (COP) (43 HT WG B R M 26 i 7
EIRE
2 PR ERIRRNSSEFE

HRAE AR (97728 B, BRI B R, 7 A ) BE Fei/F—
KT 0 ~4 DS, [Fl— IR 54 BB BT 132
PERR (CELFEFR B SCHEAR) RN HLA-BE )75 BRI AL IE
e S 3 R T ARAS SR A B Al — 23 R RRAE A, DAtk — 2 ik
AT H PR T4
2.1 EAROCKTE B R A il % i g
I BT AR % | Sl R R A T LASRAS 24
SR IE T . IR RNTE SRR AR AR Ak I R A AR A, T LA
HH =40 R R ) R R S A AR, £ el R AR AR
s 54 Ry A A (BRI AT 25 3 i g AR X T 4 Ry A A R Y A AR
B ATt AR, — SRR A TR
T IREEAE— R IE U R TR, B —1> 52 38 1) SCPEAH BT X6 g
(IS0 o RS AR AR U
M, +(Z,xF,)

COP(X) =[ i Ix(-1)
CoP(Y) = [MX + (IZFU/]»XMJ

P, Z, R A O BRI 3 LR R 5 Fy iy X
BT BB X Ay 15 Fy D Y MOT R IEY 0015 F, R

i Z Wy e e e Z 4377,
2.2 HERIASIRSE AU AEEERE T, Wi R
BEHRAESIAN 440 Hz, BEE I ZRAEAS (1) COP 32 B2 X 1 {H
& 1 m/s X 8 kWA i oA e A HE A T
2.2.1  PhSr SZEARBN . XA B e A A — A~
FEJI5E (SCHEAR)  FERsF ] 23 8] b 5 A FE 3cA BAR T
W BRI SCAE A T Sy SCPE AR A & i iy R
HEN Ay e — R A, R b R R e F o0 —
F i >0(F ., =10% G, G R W41 G NEFWIIT Y
PRTRPAET ) ELIASHIA 9 1 1 0L LG dma — 1dygy -
deopiy | >0 (dmax y—AJEIIHEN COP Z [8) e R EE ],
o, AR A BT A TR ) ) i AN S 2 fiE
B ORAEEON 1 COP [ S 45 35 — A SCHEAH , IXFE—A>
SCHEEMTR 2 o8 B 53 B3 R, TS & DL 2R A R A
RBFERR
2.2.2 73 (A A I A (DA HE B A S AR TR . A SRR
() ) 4 A= A Hh B ARl —A6 B IR AT FR 54 1Y) 1D
SN AR Sk 5 A A D A R b B S A [R]—~fL
BB BE B S AR A E TR, 23 BRI A S AR
TR REON o J S A (AL W] — {67 T A [R)AS [ )
AR PIAEIN 5 ZE AN —A~ S — B T R B R A,
(FE IR Z It/ N s ] o) oy, BB AR B RAE B (1) 5 2 (A7
FE YR ) | VR AR [ — AL SRR ) 25 K F A, R
AR RAPAR L b S 5 Ry A ST 8 SCHEAH
2.2.3  ZS[EFIBRIBEAE (&) KM 5. 2 —3k
A B 7 A ) S AR Y B A B ) b 9 & i, ) COP
AR S — A MR AR TR — 1
R o M2 BEER T 50 WIAE RS ] A S 0 R 0, S %
TR SCAE VL 2, AEX AR, W9 5 8 [ A R Al b
MIEEEE ) (F,) B R T HA — R 7, B Bz E]
& D, <D, D ., >D, , FR—"TMAEIRES I m. X
FIPIAS SCHEARAE 23 (8] ] B33 S &, A 3 N e
SRESEHEN

Max{Fy, ) Fy iyt <F,,

D ., +D_, <2D,
K, 28D HEJIERI R . R 2 A FL i EREs—
A SCHEARBISE AR R (e, ) B (B2 AT LU ]
W (e, ) AAS RIS TRIAS 31, ALY fe 5 — A S AR ) T 4 o
[ AT LIS, B e, =0, 00,00 = Lo, SRR S n AT JTHEN
BeRgl, B o — 1 A no+ 1 PN B2 B A9 S0 A0 40 B
*=
2.2.4 AESCIEMSEUEER . TESEBRh, WA ER 2 B
R 1) i AL e R R A M AR R L, S B0 R S
FEAETC B 8 (SCHEAR) o BRI 2R e o A 3 44
— HBE AR — OSSR S H A,
JIRER AL BB AE WS AT — 25 W T A s i) T R =2 B
WD, =D, ,, KT Da /T Db LS n AR o
FERE IS BRHEE  , Da SRy B8 2 I S35 18] 9 S K R



16 BAR AL F

2015 £

Fz A =

Foi __I_E 5 1\. 'h. Foa
# L
i = ] 11 H
I [ o1
i : i !
i 1 ! 1 .
2 % H L]
{ 1 L :

i

(t,,.) (&)

B2 giaX#EHEEENMNE—EEENTRE

B, BUE 39 ~41 em; Db N3z I F G S AR (GBI ) 1Y 55
/NEEES T 89 ~91 cm,
2.2.5 FiJEERE M2 RN B A TR
JI VT2 T A B A 2 S R . G SRR T A B
JF5 , T R BT 7 57— S A R JE — > SCHE AR R
TR LM, R M e -1 Fon $235, H | D, -
D,y | /NF Da , FRAZ Hi B A n - 1 A6 50 10 19 5%
0,55 n AN SR WA FH e 1 4 B8
2.2.6  SERESCHEEAHTUN. RTINS0 R AR, W A B
TS I A i Wl B T 2 7 A K ISR i IR A S AR
sz % AR T NS AN e A, B
GRS F. /NT F,, (F,, U0 —> 58 8 S A Y
B FEE R e KR JHE, F. =10% G) . fie)a , 347 #
PHBE T SCPE AR AR LR S AL 45 SR (] S AR e A o, 3
F, 2803 0 s FF AR K, AN 5828 1 SR R AR R B 38 7 ¢
ES BTN

DA B A S AEARI H D R E(E 2> COP {3478 &
TIALIRER A3 VE R R A R0 . AT e AR 02 F R 3R AR
— NSRRI BRI A o AN SR — Sk W AR AT A N I
FEL AL, IS 2 352 Bt 5l AN S AR A, DA T 6K Bl R A
TeRI a5 2o S5ca , FRTHE ML T AR B S P AH

15 FE SRS MR A | AT AR ASH 7% 24 s 3 %) e 2 S AR , LA
{8 5 AR B 2F (132 ShFRHEE .
3 IEBITROEHEE IR EX

YRR SR FR G b AR X AR ) S AR
RG2S SRS 4 B0 50 B 0 0 F7 (8 AR b (i B [ 55
WA R G RE0E A SR LS 25 S AH I RRIE S8, I I L4y
28 AUFEASA B S PE M E | SCPE [E] | A B ke fA]
T e R A IR 5 . X R SR i A 4
eI R X BB TA R, AT L A S R AT R R
—SEREHEAE, IR R GERENS LA L A 2 A =X s Hok
3.1 HEITFNIMFBITHZERSEE B IER R
(B IRZ . A T BAR T A3, PR 2F B
17, 7 B A 25z 2745 e v SR BGE i 05 4 B4 T R B S S
B FERRDSAE (SN M IE A48 A RIS A 4R
FPIE RS TN AR o B 1 AT, WA BB RS B
Atk (LMVs) X520 A S A 7RI Wia FEVE A . ik
RGN LMVs o 4 BUse 8 SO K i R 7 7 ¥4
(AGRF) (BBt SCHE I 1] A5 4K | B2 ol 1 %) e L 0 (.
(PGRF) L X VA b 5 ASS 5t b i SF B . 6 A~ B4R
SHUWE WA R TR AR E . o, 2454
PRBEAT B 5 11 0, A5 25 0 3 R RRAE 25 SR g R,
AGRE X R gemiedn (1 3) .

6 : :
[ e |
] 4 =
= V| R
a 4f-- e TN - .
§ . i 3};241—&}}4’_
il PP e _4: _________________
R ) PO, L [ N, \'% ________________
:ﬁ [ S | S SRRV S -‘-\ --------------
0 H H R H
20 40 60 80 100
AR %

B3 HITH4S5ERY AGRE #HZk

®1 BRMETSMBETHE S SETBRNENSH

B i PR IE(E R et/ 1/s SCRERTIR] /s PRI R $4 //em

e 7 5 EHT 0.48 0.47 1.00 0.38 112
pax:il 0.53 0.46 0.89 0.39 110
EfE 0.40 0.38 1.01 0.30 NA
kG 0.39 0.40 0.98 0.36 106

BT 5 5 i} 0.47 0.42 2.00 0.34 86
pax:i) 0.52 0.34 1.40 0.33 NA
= 0.20 0.12 1.05 0.10 117
ey 0.42 0.36 1.49 0.35 96

3.2 #HAMIKIEER wdx) 8 Kyif AT 328 ik
B IHAIOUE , - 42 B3k R 3 41 U HUE R Py AT e
FIRER SRR WAL 2,

SFBPREE, Hrp—3k ID 508 5 WYY 2F 7 ) B B AT
PR MECAE) 3, 1 RSP U AR AR LR 1 AR

LA S S BATYI A 70 5 B & A S8 S I B A 1
sCHAR A W 22 5 AT 0 AR (9 SCEE AR H  PGRE (g
i AGRE AL T B 05 2 S HC Al 3 A4 B JRC# /1, i HLHC 52
Feip Al o A X oA i, T AR G 3t 40 W o B A 5 4
7F, HLRERS Al EAABA T A B



43 %34 ANHEE AT =05 A 5HAT W 2F 5536 A2 09 IR 17

R2 ENERZEENE

izt JEr e R4 B R A 4
JE SR 2 326 1742 584
AR 1642 1223 419
SEAE AR 1018 756 262
BT A 624 463 161

4 i

T3 A BRA T 5 A SR B 38 B B R, 28 2 e BT Y
BRI A5 LA TR B, TF R — R 54
SCEAHEA TR 207 1, [ IR CRFIE (. Jd i i —
YR S R G E DI B RAER AR 45 MATLAB f3E
P AR HR 5 SRR BEAT A SR, O BB I 2% A B
1058 B SCHEAH , 00 B IS SCEEARZEA T 20 2, J i X 23 B 1 52
FEARS RO TR, S O F) T I 71 6 MRFHIE(E. %
TSGR & REASAR A M 1 A 503 4, ) P s S B
I, I AR G S ARSI RHIE A RE RSV D AR R 0 4
ARSI AT IR REAR ST, DT SR S St I
A BAT, I ELRIBUCET 0 4 R A T IR T BN R BEE
et o
£7% Sk

(1] JEnUEEmin ARSI A . 2012 - 2013 £ AR E AR ARSI T
WA BT SRR ], db5t,2014:12 -45.

(2] TR0 Pl A s SEBeR 1], hEEFLL,2011,117(9) :2 -5.

(3] ZEA). AR A PR M a3 [ ] o G , 2008
(10) .45 —-49.

(4] PVEE, EATE, SRR, 5. U FEmmss G BatoR[T]. BEST),
2013(1) .35 -37.

[5] TELEZHENKO E,BERGSTEN C. Influence of floor type on the locomotion
of dairy cows[J]. Appl Anim Behav Sci,2005,93:183 —197.

[6] RAJKONDAWAR P G,LIU M,DYER R M, et al. Comparison of models to
identify lame cows based on gait and lesion scores,,and limb movement var-
fables[ J1. ] Dairy Sci,2006,89:4267 —4275.

[7] KAMPHUIS C,FRANK E,BURKE J K, et al. Applying additive logistic re-
gression to data derived from sensors monitoring behavioral and physiologi-
cal characteristics of dairy cows to detect lameness [ J]. Journal of dairy
science,2013,96(11) ;7043 -7053.

[8] KRAMER E,CAVERO D,STAMER E et al. Mastitis and lameness detec-
tion in dairy cows by application of fuzzy logic[J]. Livestock science,
2009,125(1) :92 -96.

[9] ALSAAOD M,ROMER C,KLEINMANNS J, et al. Electronic detection of
lameness in dairy cows through measuring pedometric activity and lying
behavior[ J]. Applied animal behavior science,2012,142(3/4) :134 - 141.

[10] DE MOL R M,ANDRE G,BLEUMER E J B, et al. Applicability of day-

to-day variation in behavior for the automated detection of lameness in
dairy cows[ J]. Journal of dairy science,2013,96(6) ;3703 —3712.

[11] PLUK A,BAHR C,POURSABERI A, et al. Automatic measurement of

touch and release angles of the fetlock joint for lameness detection in

dairy cattle using vision techniques[ J]. Journal of dairy science,2012,95
(4):1738 —1748.

[12] SONG X Y,LEROY T,VRANKEN E et al. Automatic detection of lame-
ness in dairy cattle—Vision-based trackway analysis in cow$s locomotion
[J]. Computers and electronics in agriculture ,2008,64(1) :39 —44.

[13] POURSABERI A,BAHR C,PLUK A et al. Real-time automatic lameness
detection based on back posture extraction in dairy cattle; Shape analysis
of cow with image processing techniques[ J]. Computers and electronics in
agriculture,2010,74(1) :110 - 119.

[14] TASCH U,RAJKONDAWAR P G. The development of a SoftSeparator™
for a lameness diagnostic system[ J]. Computers and electronics in agri-
culture 2004 ,44 239 —245.

[15] PASTELL M,HAUTALA M,POIKALAINEN V et al. Automatic observa-
tion of cow leg health using load sensors[J]. Comput Electron Agric,
2008 ,62:48 —53.

[16] GHOTOORLAR S M, GHAMSARI S M, NOWROUZIAN 1, et al. Lame-
ness scoring system for dairy cows using force plates and artificialintelli-
gence[ J . Vet Rec,2012,170.:126 - 130.

[17] LIU J B,DYER R M,NEERCHAL N K,et al. Diversity in the magnitude
of hind limb unloading occurs with similar forms of lameness in dairy
cows[ J . Journal of dairy research,2011,3:1 - 10.

[18] PASTELL M, HANNINEN L,DE PASSILLE A M, et al. Measures of
weight distribution of dairy cows to detect lameness and the presence of
hoof lesions| J . J Dairy Sci,2010,93(3) :54 —60.

[19] TELEZHENKO E,BERGSTEN C. Influence of floor type on the locomo-
tion of dairy cows[J]. Applied animal behaviour science ,2005,93(3/4) .
183 -197.

[20] RAJKONDAWAR P G,LIU M,DYER R M, et al. Comparison of models
to identify lame cows based on gait and lesion scores,and limb movement
variables[ J . Journal of dairy science,2006,89(11) :4267 —4275.

[21] WALKER A M,PFAU T,CHANNON A et al. Assessment of dairy cow lo-
comotion in a commercial farm setting; The effects of walking speed on
ground reaction forces and temporal and linear stride characteristics[J ].
Research in veterinary science ,2009,88(1) :179 —187.

[22] MAERTENS W, VANGEYTE J, BAERT J, et al. Development of a real
time cow gait tracking and analysing tool to assess lameness using a pres-
sure sensitive walkway; The GAITWISE system [ J]. Bio Systems Engi-
neering,2011,110(1) ;29 -39.

[23] SKJATH F,THORUP V M,DO NASCIMENTO O F,et al. Computerized
identification and classification of stance phases as made by front or hind
feet of walking cows based on 3-dimensional ground reaction forces[ J ].
Computers and electronics in agriculture ,2013,90.7 —13.

[24] VAN NUFFEL A, VANGEYTE J, MERTENS K C, et al. Exploration of
measurement variation of gait variables for early lameness detection in
cattle using the GAITWISE [ J]. Livestock science,2013,156(1/2/3) ;88
-95.

[25] RAJKONDAWAR P G,TASCH U,LEFCOURT A M,et al. A system for i-
dentifying lameness in dairy cattle[ J]. Appl Eng Agric,2002,18.87 —96.

[26] PLUK A,OPSOMER G,VAN WEYENBERG S, et al. Development of are-
al time cow gait tracking and analysing tool to assess lameness using a
pressure sensitive walkway :the GAITWISE system[ J ]. Biosyst Eng,2011,
110:29 -39.

(27] 2200 B XUE2R. FET=HRND & ARG NIRRT T].
B E.,2010,26(13) ;226 -228.

(28] HAEHE WHREF, SRR, 5. IER P RHEM T ]. hERE
155, 2006,10(12) 1855 —857.



