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Ei5—% (Nomenclature)

ABSBZ : 1y 73 BRI 2 AEMRHABREAE “mb” 5 5 E255H M IS E £ T O mm)
ABSHZ : 71y 7H#E BRI BT 2 B2 A BRALEDN 5 R TAE X TOMRERE [(mm]
Druw : JLEOERERAME [mm]
Druin © FLEEOE R R/IME [mm]
e (i=123) ' YZEalL—YEEHOEMBEHEEBREELOES [ ]
Fir—") « Fa—7HEDB3EH [Nm]
fo (=1,2,3) X alL—¥SEHOEA S [Hz)
fr =1,2,3) : ALEHIEIL— T O EREE [Hz]
for Y=Y 2 R OXEE S [He
A U=V 2 BIRB O YEIE R [Hz]
Gu () (1=1,2,3) : Fri& BRI o IR £ T OEEBIK
iR 2L —F ORERN S B EEES
I (i=123) 1 YZEalL—Y&KBEHOE-FEEE—A 2 [X10* kgm?]
I (=123 X2l —ySBEEHOZIHE D OEEE—A 2 b [X10%kegm?]
J (@) vaEFs
K: 74— Ny TEERGHEROER [—]
Ki (i=123) <=Vl —&KBEEGOMEL—T7 1> [—]
Komee (1=1,2,3) @ AT A VREROHIE A > ORKME [—]
Ko (1=1,2,3) @ WIETA EREROKIE S 1 > OREAE [—]
L (i=123) XZEaL—FHEFEHOT—ALV I E [mm]
L XHP 7 —Aa0Y > 7E [mm]
m: LY RLT 7 ZREXT MVOXRTEE [—]
mb5 : FLEE S O RIEHAIE [mm)
Ma (i=123) 1 RZBal—F&) 7 0EE [kel
My (i=123) :RZEa2L—FOEE—F 757 v bOEE [ke]
P (i=123) Y-t al—yFBEHOE—FERLT (W]
Mc: F4—bhy71ROER [ke]
Ms: 77Uy NOHEE [kel
mgze . TA— AV TIRAD DRy TEE [—]
Mu (i=123) :XZ¥EalL—FEHHOE—-YER [ke]
Mw (i=123) ol —FELEEOHEROCERZ kel
M2 )Y —2 2 FEIRE O X§HE [mm)]
M, )Y —2 2 FERRE O YiiE [mm)]
nRZE2L—YOHHBERK [-)]
D HLEBS
YT RS [E]
FLEEW R O ) B — Y 2 IR REN R ()
N FLEEBIREO U B — Y 1 W IRE O 2FI% [—]
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P, {ERERERIT BV D OyEERE [em]
ri LY RIT 27 ZRENY MY
Ca—=A)b iy A EHULE TOERE [mm]
Re (1=123) :X=Pal—y&HHOTY I—5 4Rk [P/rev]
R (i=1,23) R Eal—YZHEEOREEE [—]
rri LEEOFE [mm]
St HE#EA Ly PEE#MA MO —27 [mm]
SIROEaL—F ER - THRALY U ¥ 20— [mm]
S (=123) XUl —FJREAHIOE—F EHEEREE [rpm]
SRCBZ : A HEBERBRICB T SHBEMES S “2u” 1hb }%‘é REAAIE” T TOBHEE (mm]
SRCHX : AEFRBEICBI BT RIL Y 27 OXEAROBER [mm]
SRCHY : HBEHERBEICBI S LRI 27 ¥ OYHAMOBEHE [mm]
SRCHZ : ALERFRIZICHT 2 FEMO "RRBBILE" »5 “BREKTIE" £TOBHEH [mm)
TR E
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BEMNZRHREE LZHBAOADIL, BCHRNCT +—bhy T2EETH20008y b3 X5 L0
FERKAEL L, FBIRCET L

£, BABEACHMAMORIEE2HEE U THEDOEREZREL, fH8 TLEMEOEMOZBH S 0%
v hHEHITR® SN AR GRS 2 ER L, RLZ, RIZ, BEROWEEOLEEREA T, EHETH
KOBE BT 2R NBREEZ NS LT, ZhaRy b al —4 280 ESRELL1Ioy b
ZEET DM AT LAEERL, BELE, AVAFAICE ST, a2 5 A OFHAINBRGR2HE
Fliz, 6, EFETHLEICBRETRERORY M AT LAOLBMEL vt a L — Y EHRER
BELUHE 7N IV XL&BELZ, ORy bOHLBFBAHIE T TY XLAXBWTE, Y2EaL—5&H
D BB B IR IC D AL BRI — T ORERREEITo . ke, MEESICEDWTRELZORY
FOBIEEREIRICBNT, Yoo b —F OWRMEEZRIEL, DRy PR TLAOFEREERLK,
B#IC, BELARAORY b A7 A2 AL THIL A OBIREERAE L 28R, 4R LB DB
HBEUTF 1 — by TEEROY A I TRRIFTHD, FOHBARENHZHFELDODEY THRATESZ

LETRE L .

&
EMAERERARBFE O B, AV EEEER TSI L
R TAEMD RO RARICER S, BT
B EFEN) N RANICR D K D ITHIET 5 Z & LIRTE
%o T DD DBRELIEED RN RIL D 7280 DML -
HEML A, EEEORLEESERECERL THS
(A5, 1992), EODWFEEEEIEIERD, £

il

DN RVERNBERICELASINDEY THD &b,

A OFE D Fk TRANIZER - HINSEEITKTF T 26
AR <, ERDEAMT TIIMMAL DRI IR /LD
DIe<TIxN, Z OB D - DIV U WA AR
MORBBENKD ENTVWD, AMICED 72 < EWHkHEZ
BELDDHSOR Y hAOHIFGENED TREL, 578
NAROHSBET T, AFOND 5 EMEREER)EN

T 570 DEIMEENPLETH 5,

T, BROEOEBIEORBIIRERIBIER DR
FisH CTRHE T, EEEM EICL2RELZELDORED, &
DN ISR BRI O IR BE L I N TV S, FICH
LOFEHEHIEED S S TRORERSEEZE 5D 5
ESEITDWTIEL fEsk 5 BT OHMALEA DMLY
ENTEREIAETHDN, BOPEDEFAFEDKIS0%
EHSOTWLIBEFENWARERRE UBEAIEEDEN
fbE 7T BB AR < EREINTE . ZI L
BMTHESD, AR TIRBEFHNICBIT 35 HOBENm L
EHBHERICE T DR REBEH S AT LD—H L
T, BEFWHROALFEHRELE [T — v T
DOHBEEE) 2RAETHEILORN Y MENOMALZBEL
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128, AFFITRMKESBRERBE R EED
—B&EUT, 19934 FEEN SFERE MADRY b
R EUTHEMBHLTERZDDT, AREITZTO
BRETESNEMEMRS A7 A E U TOHA DR Y b0
aHE# B K E OBISETHIC DWW TRV #0725 DT
H%,

BT, 9% EBOUMRRERLEETSHEBE H S
B, BHANESHEOHBEALORY hIATFLEL TR
ETEHERMELEEEALND D, TNERICH
FRR AR M, PR TRENMERZBEELZR
BEThH 5,

B1E HIAOKRy FARORIK, BFE, BW
CIEBRER
-1 EEEZEIRYEHIK

ZL-IKRISEOBERENEO BN ZRL L,
2001 BT HHENE OB OB LA, BIERED
FESIKSTEMD S B DRI2TRITHY T % 24 THEH 2
HOTWS, ZOHENE, M26%D%K F2Ik2TFEM)
RKI23%DEE (R2IK1FEM) 28N T by JiThz
BLTHY, TEERIEEEOEBLEMTHL L%
BRI RLTWS, &5, ZOBEDEHEICBNT
WIBERED32% (TFTEEM) 2AMAFEIH-TH
D, ZO8TRLEWEALTMATH 2,

(%77 Tame i - PR (BRMI/KES, 1999)
BN TE, 438 - AREOFER, ERMEOHENIC
PENREBRNCIER L, BEROREE) —RFLTERE

LTWw3, 2O¥FELT, FAHITEOMBRES D
SHADKEETH Y, FEAMBITDOVWTIE+7RESR
EBESDHERINTEZIENS, 45 - BT OB
WEAICENEEIC X THbR, ROSEOEEDO
TR S W BARRAMER S T & Tz, OFETC, #
NEREBREEZETDHEEN DBRBOKE WEERIK
FREEDDLRBEBENERTIEEbIZ, N5 ORKE
FOS, BN % HJE T & B/KEIC E TRBERBEOILK & i
O5HE, EEEOMENHSNTEREI EBEREIN
Tz,

ZIT, BOEOBFEDOEMBICHENTREDI2%E
Ho 5 MEOFERMEX1-1IRT. AL E
BEEIE, 1979412200 7B BA TR, IFIFHHE,
WEE 2 1 TV /Ay, 1995 DARRAE S )y in il B AT i
CTH0, 20014EHRAETIILIT72HE REEL 11275
H) &LxoTws, ZOM, FEEFRFHE, —EBLT
WATDEMERL, BHIOEEITFERI~E5%DEET
BALTHY, 20014EHRETIE32,2007 &/x> T3,
Mo T, BE1F %20 O REELRIIEIER &R
L, 20014ECl3eE#aHT1353.688 (LifiE : 88.68H,
TR 0 38.688) THREEAEEEIL34.988 (JbifgaE ¢
50.75H, #PFIR : 28.380) Lindind, fBEHEILE
FITHTEAL TWD, 20014FEBERE OB (BHAK
FER, 2002) IKXAUE, AAFS0BELL LOREE B HN
EOMEFIRER DX EHET DITE> TS, TD
B, KRHEHZERIHEEZEDZOOO, NEEEZ
FMCEIZEZPIE L EMAESFELTHBD, 20

Rl BAROBREREHZEDEBK

(HArmE, () PRI, %)

X5/ 4 1975 1985 1995 1999 2000 2001

BEAE DA 90,514 116,295 104,498 93,638 91,295 88,813
B & 65,012 (71.8) 82,996 (71.4) 78,513 (75.1) 68209 (72.8) 66,026 (72.3) 64,077 (72.1)
VACIP S 34,658 (38.3) 38,299 (32.9) 31,861 (30.5)  23,761(25.4) 23,210 (25.4) 22,284 (25.1)
g 14,673 (16.2) 21,104 (18.1) 23,978 (22.9)  22,395(23.9) 21,139 (23.2) 21,188 (23.9)
N3 24867 (27.5) 32,531 (28.0) 25204 (24.1)  24,670(26.3) 24,596 (26.9) 24,125 (27.2)
a. ILA4 5,655 ( 6.2) 8,876 ( 7.6) 7,914 ( 7.6) 7,707 ( 8.2) 7,675 ( 8.4) 7,721 ( 8.7)
3b AEFL 4,648 ( 5.1) 7,596 ( 6.5) 7,014 ( 6.7) 6,879 ( 7.3) 6,822 ( 7.5) 6,758 ( 7.6)
b. W4 2,467 ( 2.7) 4,727 ( 4.1) 4,494 ( 4.3) 4,400 ( 4.7) 4,564 ( 5.0 4,369 ( 4.9)
c. K& 7,333 ( 8.1) 7,910 ( 6.8) 5,059 ( 4.8) 4,802 ( 5.1) 4,616 ( 5.1) 5,007 ( 5.6)
d % 7,471 ( 8.3) 9,342 ( 8.0) 7,011 ( 6.7) 7,050 ( 7.5) 7,023( 7.7) 6,349 ( 7.1)
e. i 1,941 ( 2.1) 1,675 ( 1.4) 724 ( 0.7) 711 ( 0.8) 719 ( 0.8) 679 ( 0.8)
LR 635 ( 0.7) 768 ( 0.7) 781 ( 0.7) 759 ( 0.8) 673 ( 0.7) 611 ( 0.7)

¥ [FEOBIE] (BHKES, 2002) XhiER
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) [FEOBM] (BHOKES, 2002) X b ek

BERICIIBEENFEOBRL EHE > THOWFOHRK -
ROLENE, HEREMEOTEZIL, WAREA DR
EOKRESEDORE (BMKESZ, 1999) N¥FoNnT
W5, £k, 1HEAR0FEEEFHETEHRMIIERERD
BEAbH> TEBIN TSI Nb ST, Fhn
TEEFE OFBEER T HRM2EROEHIIINTLBR
BRENTWRWEWS ENERH SN TEZ, WEDH
% BRI ORENL & AEFEE O — B O LN EE 2 &
o TCWBFRLATH 5,

#1-212, 2EOPEAS 1 HEHETZ D OFEREFHEL Y
BRI ER Uz, 1 Y20 OFESESEFEL, £

FITHIETIRTOEATEBEINTNDEHDOD,

HIBRBNC T H B BT SOBEIBLL b o s 2 R g
IZBWTIE, WAMEESFBE S BHRMOKN50%% &
WAHEREB DTS, TH5LEIENMS, HEERD
BB K BRI OMEERKD, W& HDEENE
DFEWERERE ORI 2 572010013, FREHERo

FEAO—-RE U TRAERORNIELRBENIZENS.
A O TH 7z 7o Bs B - AL HAM) (RMKES,

1999) ITBWTH, HEikMOEECREN RS

HEHEET DE 2 RN OBRF - ER(COEEREZ R
95,
ENEOAFDLIL, LHih b BERNVERTHED
NTE=, —HT, iF, BREOEEEZFEDSZ0OIC
BB R0SES, FEREOMATRER WTERL S
SRR EBADHBICETIERINDDHY, HLEW
FRICBTTHHBERIERITHEML TS, 19904
RITADT, RICKBEREROER - BILEWVWIED
BRI/ 7 U= =)l - INF2T—5 T,
F-M Hlick 2EBHENHIEBRTE ],
ZIT, HI2ICREFOEEHELEATEERT,
RPEL DR BRI E A 4292.7%, T — 2 b—)b
W6.4%BTHY, WHBETIENL TSI AN
70.1%, N7 v IV HP234%, IIF TS~
47%ETR>TNWD, £o T, BROEDOEFAFEDRIZ/3
i, BEFRW -1 T 0INhFREHEEEINS,
BEFNITBWTIE, FKEFEHH 2 A0, REE
40~50BEHE AT IR L Ehbhah, F- M
HRIZTBWTIE, THERDIE RIS 2 L4EOH
HBRHHRELRENSBITTELRBFIIREZ NS,

BRBRERIERL B NS 1 A VU REEE S @R

z1-2

(AL BB %)

AR #F SRR RS BORMBA - EH O BAS  MERE mRams
1~ 9 FH 254.16 63.95 39.77 94.71 18.77 7.77
10~19 5 182.30 46.26 26.41 72.99 14.19 3.90
20~29 HH 151.88 40.19 17.37 63.24 13.49 2.76
30~49 HH 128.35 31.15 14.10 54.84 13.61 1.90
50~79 HH 97.76 21.19 10.61 45.08 9.31 0.79
803 L. 1 77.72 15.07 9.81 36.38 8.48 0.60

) TREEEMERE TRSEFILAER (&F) | (BHKES, 2001) khER
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OMLEL W, £z, SET 7 —MRENSIE, F-
MAERICEZ"EAEEEHOHML "M TEk, F-

MA RN LEBFHOE—TRENEHTHLDOITHLT,

s DB EFEWIT REEREREOREZ R E LA
MBS R BT HANS N AR S EE X
%, Tixbb, THIRSENTUNTERWIEERER
EHERW®T D0, (EEEOHBERE 2RI L2
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HMAESED 7N TUXLEBEL, Hy TESEEOR
LEBIET. £, EHBRICBLTHEF—& N—2
DAL B RO T RT 727D
B A OFBITENT, kD & QIR E SRR
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729 FLEARIBERE S WAL E DL, B2 WITIFLEYE &
OPEHI% ORGSR I AL S PLEEBEBE O E B DWW T
—FEOHRBESN TN, FiFIOVTIE, KR
BHORy NEBEHI AT AN HONER T4
EHNTEALHEOEEEORILBEHSNDODH L (F
5, 2001 /NES, 2001), —WwAMZBL T, %
SERIIHEE OB D h y TEBERD D WITERTEE O
WRIZOWTELERRL TERFIIESNTE ST, 5%
DT OFERIRF SN2, BHITDONWTIL, MILLERS
(1995) OWMELSMCEIRF N TIEREZ 5780, ik
25 L DREEHRFE B D VIR ORI, B
B THBE ORERGE, 9700 B IRFLBRICHE S FLEE
MIFEEE D Z B OHERS & PR T, BRI A E OFLEE
RIEEEED QN 2 IERT 20BN D 5.

BHETHRINTWIEADRY F X7 L0£ <1,

T4 —bhy TEEROLERZREET, FOIATA
BT Y 1 —FICRREI N TWBEKR T & ORIEME
JEE T — & R—RZETWTORY hZ2BHEIR TS
(ROSSING 5, 1992 ; ARTMANN, 1997), &% 5
NEMET S, BEFWHI AT ABRKOY JTO—F
ERATAHIEEL TS, BiZ, RIAT LKL
WAL DR Y b EREERIEHO—DIE, F0OH
FERUFTENIZ R S T I MR I AL E R B 2 R fT TE S
HZHB, 20&E, FOWMAERLOMBTEKI L
HIrE S N 2 AR 8 & FLERIBEREZ & & ICHERL R O
WEZRETHI LT, HEHEALEZTS TR Y -
AT LD ERE L R ESEEERET S L
DB TES, FORDIE, ANROWMILBEMIC LS E
e ALEMER O Z B S HE L OBRCHNES & >
AT LBRENC RS 5 ZENEETH 5.
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THH 1 a2 BIRIICEY &% OHFLEINICEML /.

RIS T, A4 ORI IZA 4 8:00£16:00
MH &S THY, 16K — SR O N ERMIBHEILTH
%, E/=, FRBETREOEMEBRETTITHEES
BF DA THRET S 71 RV LABROFHEREZE
ALTNn3,

HEEE, ArrlsEMiESE (BT, DF), #%ILEERE
Bt (FIDR), AMFLEEMIE#E (RIDLS) BXAHRIA
SHEEERE (FIDRS) & U7, /2P, RET/RYILEHME
PEEEY, SAEILEZOFEEAEEITHE LB OME
B BEM AR S ERER 2 B%RT 5,

HWERES, SEHRPEOR M=V TITo k., £
7o, HOZEBIT DWW TIIFILIREE THM A B8 o Pu Al
FRASS0cmIZEBEN TW D REBEHEAE U T, 4EMI%5
MEARY I AZAWTHELE, ZhERETE
HEETE, BENICHEBEE2 2 &0H o7, HEH
FATEHTE THEMAE U TWeBE@FEIZ DWW T, KDIEW
RFALEMRICERT 502 L TGEV#ERN305 OR%E
BTz, MEFRIFLENESZEL TH—& Uk,

A, FRBE TREBEINTVEHRIVAY A >

BN SE2MENSREL, BREEEN1350 @ - 4
£X675) BEOT—IPESNE, ZOFITE, 3~5
HARHEE L ZBICER S NERb R ENS D, R
WZDWTIET — 8 BT ORERD 53R U7z, AR
FOERIIHIENS 6 ETH 72D, 2RI HE>T
HELEEEKb W, #EREUT, #WELSHE, 211
9, BRUIELLI2HEEM41EHE T —F MBiFOdHR &
L7,
FEX S OFE-CRK, ki 0¥ K UCHALES
DB DN T FRBRSOALER T -5 ZRH L .
ESAEBEHOENOT—F 30 HmBRIEH Z CICEH
N, FIPE - 20 - 3EMULOGHT-FETIIDNT
S U, REEHLERIZ 8o iE GEHE, 1982) I«
o Tro’%.

2-2-2 PEABBBICHSABEREOEHHRE
AP, AIEEFERRICTERSE Y > 5 — W ERBR
BRBWT, FMEORE2-2-10OHEP 1996417 &5
HABELUI0H DR 3EOHIEFHET 2R /.
WEHETEFINAY 1 B ALF 1582 i L,
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ZOHREOWMART— VR (20~50H), HHH
(145~175H) BIUEE (240~270H) D3N
U THIEZET> /2, fFONHIE, 265, 33
GFH, 4K 2FEBLVG6E1EFISETH > . HIE

HERHFAE2-2-1 L FABEONE, T2bbDF, DR,

DLSBLUDRSE L, ZH5HEBOHE & HHALA
B - EH, 1, 2, 4, 6BXUSKRBOE 7HIE L,

FLEARIRE R O 2L FRIGHIE R Z & 1TSRD T, IELET
- - BTy 2T OWTEELL . &5
N —F3RN_FEICE > THI L 7.

2-3 % R
2-3-1 DiRiEEBICHS I ERE DZEE)
ARETHNLDLEEZK2-1ITRT. K2-211345 M

2-1 TAHAMSREAE

Morning

Evening

Parity 1 Parity 2 Parity > 3

B2-2 EXxIEOFLIEMBER(EAETL & & A H#ELED
LF=left front, LR=left rear, RF=right front & RR=right rear
(Parity 1: n=18, Parity 2: n=11, Parity =3: n=12)

% DY & % OPEFLATIC BT % FLBEMIEEE O 1516 2
WIPE, 2EBIUVIELLICHEL TR,
FERDENT, R TOFHEITBNWTEWEEENRE
D57 (P0.01), ERMNED & & & OFLEHMERET
RETIENDEETH D, SABEILEH S EMWNADFz
BLETHEBREEL TNWDZ &N 5,
AL AT ODRIZ, WPETIR115mmTH > 70, 3%
PAETE144mmiciER Uiz, BAIPEELD 5 8 BREFE L
7 WIMTIE, WETIESTmm, 3N ETIE
109mMmTHh ok, £z, #FITHND 5 TDFIEIDRD
1.6~1.81%, DRS®»5WIDLSD 1.2~ 1.64%DHIHE I H
272, DRS®DLS®H RIFRIZEER & & BITHE KT S A
THol. A—EEICBWTDRSEDLSIE H % BED
AEEIRD SN DD, FOEF13E10mm (Ave.+
Stdev.) &/NEN . HIRERICBIT HHHEFLFT DA
R IREE 2 5L B E (DF+DR+DRS+DLS) (Ave.+
Stdev.) TRT &, WELTIE551.9+504mm, 27
TE597.5+140.1mm, 3 FELLETIE710.1+98.6mm
Tholz, YHHEALMTBNWTIE, FNFH467.7+
54.0mm, 537.5+154.8mm¥PB L r616.04=85.7mmT
Hol.
BERZEOHEAEMBEEOEEREZE2- 1ITRT .
2-2LRk2- 12 AWTEEREZRDD &, &S
OHEMITIIRZREBIRD NP> b0D, X
EOEOREIIBAEMTREN >z, DRIZETDER
B NWTHOEM KD bEBRBEAIREL, 26~30%
DHFETH > /. NI LT, DFEDRSB X UDLS
WHEFEL5~25%TH o, 2B, EHBKITNTO

+®2-1 BRI EDOBRIBERERORERE

Parity Distance > Morning (mm) _Evening (mm)
1 DF - 23.8 22.8
DR ©18.8 19.7
DRS 16.4 16.6
DLS 18.1 15.9
2 DF 46.2 42.0
DR 31.6 30.0
DRS 21.6 19.3
DLS 24.2 18.4
=3 DF 52.6 48.4
DR 38.4 35.4
DRS 27.5 24.0
DLS 29.0 - 26.1

*1 . Differences among parity means were significant for all traits,
both morning and evening-milking (P<0.05)

*2  Distances belween teats: DF:froﬂt, DR=rear, DRS=right side,
DLS=left side. (Parityl : n=18, Parity2 . n=11, Parity=3 . n=12)
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HALICBWTEIX D Y HFOFNEBBRENEN D 2. +2-2 WELERBEICHIT A EILIERIERE D MR/ R &R
FER T & DSBS PLIMIERE S WL RO 2L TE RE(RFRRL)
ZH2-31TRT, HMELROHALBIIDWTIE, 245 Parity  Distance RC"? cp™*
HM5 3% 2W\E 5 HEOTSERRE, BiRoX 1 DF y=100e 00420 0.92™*
DR y=100g 00754 0.97*

DIWDRSEDLSOERIIT/hE W EHE L, KT DRS y=100¢ %0075 ¢ 0.11"
DLS% &M U, [ 4 31,58 R B HE O § /N 1 67 % 4 2 DF =100 008 e 0.98**

) B ) DR )1:1006-0.0624.\- b 0.97**
ET DI & ﬁ?ﬁ!’é‘fﬁﬁfj‘é/ﬁ T A—% OEFR DRS 4=100£00%16x ¢ 0.92*
HMEREBRBRICDWTE &S F T THE2-2E%2-3 =3 DF y=100¢ %042« 0.95*
”__, ‘ . DR y:100e-0A0694x b 0.98** ]
k?ﬁ‘@—o DRS y:100e-0A0265x ¢ 0.92**

HlesHndTnichnTs, FLEMERIIBILBERE O
EITE L BITH/NL 7228, & ORE/NEIR IR & REPE
THSNMTHEE D oo BEBALOME/NIER R L DT
NRTCOERZELU CDRARDRBMRBE&EZRL, Ky

100 & morning: Parity 1 (n=18)

DRS

Change in udder conformation (%)

Month postparturition (month)

morning: Parity 2 (n=11)

100

80 + o

Change in udder conformation (%)

Month postparturition (month)

100 & morning: Parity>=3 (n=12)

Change in udder conformation (%)

Month postparturition (month)

Milk yield (kg/milking)

Milk yield (kg/milking)

Milk yield (kg/milking}

Change in udder conformation (%)

Change in udder conformation (%)

Change in udder conformation (%)

*1 Differences between first parity and means of later parities were significant
for all traits (P<0.05).

*2 Distances between teats: DF=front, DR=rear, DRS=right side (= DLS),
*3 Regression coefficients, x: month postparturition

a-c : values in each parity without common superscript differ

significantly (P<0.01).

*4 Coefficient of determination, *:P<0.05, **:P<0.01

evening: Parity 1 (n=18)
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@ e ] 5
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40 T+ ] +20 E
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L X
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>
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100 @ evening: Panty2(n=11)-
g ]
g0 + B S ]
) o % Q0 o
60 + ® X+ 30
2 o 2
=
E
g
el
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>
S
=
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° 5 o o o
60 | Q X % 130
[ =)
) £
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2
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F2-3 ERIEDODRBZBICHD FLEERIER WL EDE(L
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CDF, DRS (=DLS) QETH > /. WAEHICHBIT
5DRIZ, ERIZHD S THIRERICHEL T45~60%
EER LTz,

DRS (=DLS) O#E/NEIEIcHBWTIE, PR SRE
S LOMTHERRERZRDZ (PO.0D). FIEOHET
VWL 28 U TLO%EE O aiE N Net LT, #
FEHETII30~35%THo/z. b, 2EEIELLED
MH OfE/NEIEIRRETICE R (P)0.05) Tidiah-o
7o

HBIIVWTNOERICBNTHOMBEML T, Hif
BRCHEENS 2 77 A B THR& HALRITEL — AL
LR RSB 2SI b 59, RILEMER
WFEBBREAYICHE/N T DM E R Uz Fiz, FERDME
DIDONTHRALBSLHEINT S EMAGEED Sz, AE
FEERICE > TRESERD, FIIVIESF KEFDOZEZ
BoNTH o/, 2EEUTHARIZHEMTSZ &N
REIN, 7aB, EXRVETL TAENL D &,
W YHIM O EDOEENRICE < IR B EMICH > 7z,

2-3-2 VEFRZBICHS IBEREDED)
AT O AL ERIERE 2 100 & Lz & &0, HABOD
- PLEMIERE O FI#EIZF2-4D BV TH o /-, B
I X BB AEBER O NRE, WAXT—VHTEE
IREBIIFED 5N o . FALBNTIIDRAHEA AT O
43~55% &b HEME/NE /R L, DFIZ16~36%, &
H O GERMEEEZ S L =DSI12~25%TH > 7. HE

R2-3 ILEBRMEVICH 1T R FLERIER O IR &R

ERE(Y AR

Parity  Distance™ RC™ cp™
1 DF y=100g 0043« 0.82*
DR y=1 00Qe0-0986x b 0.90%

DRS =100 00078 ¢ 0.31*

2 DF 3y=100¢005% @ 0.86**
DR y=1 0000895y b 0.85**

DRS =100 0042 ¢ 0.85**

=3 DR y=100¢0-0507x @ 0.91*
DF y=1 0000893 b 0.92**

DRS 3=1 0000344 ¢ 0.79**

*1 Differences between first parity and means of later parities were significant
for all traits (P<0.05).

*2 Distances between teats: DF=front, DR=rear, DRS=right side (<DLS),
*3 Regression coefficients, x: month postparturition

a-c : values in each parity without common superscript differ

significantly (P<0.01).

*4 Coefficient of determination, *:P<0.05, **:P<0.01

]2-4 FLEABIICH AL R DO FLBERIIERE D (LR

Lactation stage Distance Change”™
Early- DF 712 + 7.86¢
DR 54.1 + 8.90°
DS 79.7 & 3.31°¢
Mid- DF 733 £ 7.20¢
DR 56.4 * 4.56"
DS 821 + 3.73°¢
Late- DR 786 + 552¢
DF 58.4 + 3.04°
DS 822 + 466°

*1 Differences between first parity and later means were
significant for all traits (P<0.05).

*2 DF=front, DR=rear, DS=average of right &left side.

*3 Mean=®S.D. [mm] (n=15)

a-c : values in each parity without common superscript differ
significantly (P<0.05).

HEZOEREZ0%E L& EORIFNE(LERX2-4
IR,

AL BEMBEEE, FRRIRGEICHE > TEBRMICIEEYT 5
EmERL, #BAIKEDHENEIEDKEWDROILIE
RGO AT L TH 5 M itk &<, KN TDR
((DR/2.2), DS ((DR/2.5) DIETH > 7=, HERER
W&, BEFL 2B IR T e e AL BE T IR o
R (R A TES 500, DRIZVTH OB
BT HMOERMIT IR U TR EWER TH o7z, F
7=, WELBXPEDEFTICHES T, DROEHBIER (H
NEFR) ZEEIC/NS<7/>/ (P.05), DF&EDS
O HREBIZAL N & PO TEERE (P0.05)
MHo=h, FHEBAICBW TSN Taho 7z,

2-4 & =B

ARETE WA 2 W U= AR & HNEBOH#
Bailthl, Ry MEFBICRITTHE S REBRIC
Ui TERINEFHEERN LU 2. d7bb, #EY
I2aRy MEWRNFIZHRAF O RE—DOEER T &
LT, HBEOEBEEEDT TEA LN 2 NETH S,
ORy MR EFHICEREHRE T2 LT, ZomiEmy
WEZET A I LRERTH S, HFET, ORy hO
IYRIT VBT 14— Ay TEERFL, WRAHE
A7 T O—F T HEIIIRERERICESI B LB 25 E
THBENH S (ALLENS, 1992 ; ROSSING,
1992),
HEREVHIBEL SR TH D I LTS DERREE
OHBERTBWTIREERERATH S, Ll, 75
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in early lactation
e

100 +———rt—r—r—r—f—r—r—r—fr—r—r—t}
& | DR (rear teats); y=6.793x (R?=0.99)
2 L DF (front teats); y=3.036x (R°=0.98)
8 80 T DS (side teats); y=2.6331x (R°=0.84)
ol
[0}
q;) L
8 60 +
2 L
0
®
8 L
8 40 T
7 3
el
£ i
g 20 +
c L
© -
5 .y =
0 FEEE ; . : ]
0 2 4 6 8 10 12
: Time Postmilking (h)
in mid lactation
100 Ao f e e e e At S

Tty
[ DR (rear teats); y=5.994x (R?=0.99)
| DF (front teats); y=2.560x (R*=0.99) i
80 + DS (side teats); y=2.365x (R?*=0.92) -+

Change in distances between teats (%)

Time Postmilking (h)

in late lactation
400 vy e g
[ DR (rear teats); y=5.616x (R?=0.97) ]
I DF (front teats); y=2.411x (R?*=0.99)
80 T DS (side teats); y=1.975x (R*=0.97)

Change in distances between teats (%)

Time Postmilking (h)

B2-4  FBFLEARIIC B o BRI IC A S FLERRIIERE D 2 (L

A EEEIE 2 L —F OFRIZEM L 7PROLION
DOHEREFEM 2 L /-HURNIK & (1997) 1%, Ry b3
FEORT (HEEER) & OBEEEZED SHERATT
W3, SEOFHBHERICBW TS, B OREMERED
ZREFERAOMMOBEESIHEE INTZDOD, HETHY
I3 13+10mmMAE 5N, BREBHRE CIIALEEE DKk

KM OR Y MERLICE > TRESHEHIND &
F7sw, LU, S EMEMOHNEEN400~
600mmENANZEHREH R ELEHEITE, 71— 1
Hy TOHBEBZICREIVEZORTEHEZET S
(HURNIK 5, 1997).

F/z, MILLER®S (1995) 1%, PROLION Z 5/
ERBRICARDT 4+ — by TELZVRI 7 2 7 712
LM L 72GASCOIGNE MELOTTEZ#FE L =N v 7
HEEVIalb—arOfE, 330mmbl O FTHLEM
FEBEIC I HEEE SR TH D LW L2, W o
W ATALY, 4ROFT 1 —FHw Fd “module” &
LTRZEa b —FERICEESINTNS I &6 ik
ReEBy TEOMICRERBHERRS (M1-4538),
HEARPNRE SNERFTHo 2T LITB/DRN, F
Fz, XDl —% OEiE R, SEREIEOERIC R
D LB FICEEEIND.

AFEDOX R ETHBEFAABEAOR Y b2 RET
BITH o TR, FENBEEE S T2 0END S
LEPE 1B TR, BARNICEEORELISRD 5h
HEEBIT, 4 AFHEDIEERLA M D REBE R 7 T H
INNEDITE, Y a2 —F EHEAER 2 YENIC
HERTICHEEL -BRE (M1-60 “single cup”) &F
HONEFELWY, ZNIREL>TYZEa L~y &REE L
DS TN DI HEMEEIC T E D AREIEIIA M D,
SRRIEEN Y AT B ETES,

S EOREAE RN SR TS, WAEROHETICD
NTHBEEDHS NN T S REEEZRRL TS,
B2-21TR U7z HERL AT O A FLEE M BE AL, MILLER S
(1995) D EEBIL MR S0, HIREERO 3
PELA L DLEFETIE, SR CIISALERER O A E
IZFEH7I0mmER Uiz, & AHRARFTE Z b EER
EH610mmzE M A, B 1288 H 1 1EE ARG R O 3 A
HH 2B A - FLEMEE IR E R U, £, WES
BT B4 1R100 A% O AL EM RO/ F EIZ423 +
68mm (FAMEK) Thok. 25T, WAREEK
& TRRY, KFICHUES ERELTIIZOEITRE
<, WADFHRESL TR Y SMEMEDRIEREE X HEIT
3, AR CE ORLMIAL ISR T A0 Ry MEILER O
REISEEE T,

INSDFRERNS, HEALORY b 2T A TIEERD



B - EH P I 18R BERVWARALDRY b AT AT W5 19

WHA T — DI U THAER O BERE K5 /s & D#E,

EEREIC £ > T, RNBAEHEILIZ TR E /23 e #iFH &

B0, THOLENTGA—FEEDEITHREISNIZI AT

LDy TEERTRVWEEEEFETOEEXD, I

U 7= AR 72 PESLET IS, R0 B RRIITENICIRTE L7

BEMONOBE TEAEE2RIET 2 Z EAHIFEINS,
ROSSING S (1992) 1d, F#HD5~15%DFIEZD

AHEREBECALEBRICL > THEEEDPRETH 2 &

HL TS, EWANE, ORy MEALICSZ> TR

FLE DIGRERYER D B WX T OE(IT &> TR 428

EFTHLEMEZERT S (ARTMANN, 1992 ;

BOTTEMA, 1992), i, #L TUZORY b

AFLDT A — My TS RLT7 750

HRREREE, ol y JOREIC K > Tl P eE/RFLEE

BiiE, H5VNEEELDPTVWRBEOHEHENEET S I &

WHRET %, ZhE Tl ERRER ST, 5

SEACIR O E B A R OB ENEE R EREA T

BIEHWRTES, IN51E, HURNIKS (1997)

H7y THEEEEDORS & OBREERIORBL TWY

5, 2B, INETOMADRY bOHITITZ OB

WMBHALT HEEELT, BEEHABTS O DOIR

(DUCK, 1992 ; MARCHAL®S, 1992 ; STREET5,

1992) AR b —IVEREICHS N T2 Z &R

ER-5TWEH0HH 5, ZORENE, BMUEWHIX

T LIRS TROAEZROR Y NEEREOEFHSEMETH

%5 (MOTTRAM, 1992) 723, FEELPHBET L8

FFRVWALDRY b AFLANDEAEZ, A h—=LZDH

DBRFDEFEEETH 2 U LERHICAAETH S,

£ T, HMEREHTHT A REORRNBE LIRS,

OR y MERLOMREFHEIERT 57201213,

1) FLEOBERAITHIEL TF 1 — Mhy T2 ALk
KRGS 50, SRRESNTELILSIIY
Eal—%OMEigmEEZRET D,

2) fHxDOF1—RFhy TEORY MEWR MY S E
5T EREST, By THED XD BB 2 R
U, AERBICESAS NEEWHIRERET 2179,

3) PRER/RILAE M ZE R A U TR OF V5% B L
DD, HEER Yool —1arEFSIENT
ED, REOKLEND B, :
M2-1~2-3ICH bR E DI, BICWIEFDOHET

BT TRELSH/NT BDRK y TH#E =Y
FARERIZRDRDTWVWEEZEZ SN, —FT, KiiAm
TOfLE (DRS. DLS) OZEBIZRWTIE, #WEFO
BA, WHLBHTH MO 10%EE OM/NIEE 0,
BELICHEXTHE DN WERIBED N, 295
U oI — 2 AR Er, RRICRLEEN B T — & X —
2 OEFIT KIS ETOR Y M X D4 KB K OHE
TEH M TOABERBEBERET D &ITL>T, B
T RA OFLEE 2 R T DM 2RI T & B Al fE kA
HB. INEEBLTHERT, RREREICHED ALEEE
BOL(LRFEL 7.

ERMESAMLEMERNT, AR OZEINE
<, HALBEOILERITEEZETHD—HT, RAEHD
LRI THEMN S 2, MBS U oRy M)
E7IVTY XL ELT, AEERERITBWTHEE X0
FIE D &AAIE (V) 1T OREHILIE O RS % 5
MELERRFEERBRLUZFENEZSNS,

FLEEPEHED N S VIR BN TIE, AR
BET&EBITHLRMHEZEIET S Z &Ik T—E
FEEELL EODRYEIH TE, £HZALLENS (1992) ik
BURALEEEST — 5 2 AMESICHERTES L LTS
D, INSIFHEEERERERT S L TREEEZHD
T 5%,

HURNIKS (1997) i3, HEEEMRE S OBKICH
WTHBEEROEN S ORI 2 —DDIFEE UTHRET
TW5, HIBEEHNENEBICH HIEEERICET DE
NP NERICH D, FF—RAERIEET 54
EERARICEZE LD TWHAIN S S Z 2R L TS,
HE TS OWMMENEL, AEOFEMELEDHRS
FTHELMTOZ YT 5V ARRBNTH—EDLEEIR
WHEND, TOEITDONWTIE, FEIBETERT S,

T, BEEVWALDRY FOFRINETH D “FHERY
PR BN TEERTNE R, WHAEREOBRTS
%o MBLFNE, FARREREN SHEACBEL, #A
INAETEELTAENICEE INSD, HIANEED
KONTARBEIERL, ABENENEFT L ETHW
HHEIEN D (Fr, 1990 LINDES, 1992), #ifl
IBIEHE, FORNPABEOAREIICL>THERD
n, PLEHABIMMMLEEDNS, Lizh>T, 8
BERIRIRE O 3 EHERL OBAIX 12RO 2 B &
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D W OMFIN DTN IETALEN L < T2d EEZ BN,
— AT Ry MEASIRE U THHEHRLICHESILE
BmcET 525 0H%E (HIAITHOGEWERF 5,
1992 ; KNIGHT, 1992 : ARENDZEN 5, 2000) #%
HEIToNTnwa, INSIEHEATRy hefnk THH
TE¥EIE) 23T ETHEETHS. Jabb, LM
WBAISEFRILL HIT 72 B 73N & D ARk E D A D AR 5 B
THEELWEHMRTE S, 2L, Ml zLD AR
EOBRE B TR 20 ERD B0, HERER OB
IOFNENTFLIR DIBIT 2 M L T Ot & & 5
TEMNTED, £/-, WIL100H LRI HEILE S 2 80
U THIAL ORI 2 E O D RITFE L A ETRn, W
DFfRtE DM 11, 2 MEER?N 540 H LA Lk L TH#
ATBHI &k, VAEEE LA 2EIZEATHIBI
DOFGEIE 2 B DNRNTE DB OWMABERIC RS, 0D
EEWIZ 3SEHRAZTOLAKICE > TREERS (it
1990), FERED, 40088 HEITE U AL EE 2 /&
FTHIEIL>TIEELZD OHLEEEELTEHEL
HIZ, ABEAMITAFEEL TWRNHOD, FERM
5 QBRI S TEEMICR D TWSEEHERIEL,
RESGWELAE QWA ZE LT 5 2 EpfiEans, <
noiE, BRY Mok B EIERPEAGEIC X D OB
WHEEN ZFEBIT 2R ERBT B, £, HABODTE%
2155 DICEBROHEARMD0%2E L TNAITRET,
IO EIFEAEHES S & T 58U T 0t 2 OKREH 1Tk
BB TH D ZEERLTND (HOGEWERFS, 2000),
IDZENSLTH, HALBICHE S ML
BEE, BEFOWARALDRY hOFFIEERERT SR
ERERTH DA, THIHALARONI I 5 RH
EHEELUZEALOR Y N ONEEEN L 0D DITBIT
SEEENA D, Tabb, FEEOWMAATITNC
PR BT OAEICHE L T, A8 & OBE & fh e
T, KITH2-3Ic R 5N 5 X 512tk 8 11 A THkks
IZERTO0%IHE/NT SR ALEBEMICE LT, T 0 —
Nhw TEBEREEZET S B0 RA AL ERR AR
HINBZRETH 3,

AETH, FUERSWHAMN I EOEEEEZHNWTE
BURLD, BEOBCEBEORMESVICE> T,
I ILEERIEREIZ 10~ 20mmiEE L D D HHE A% < B
BaNk, £z, I ETHRXREAEMKINICE 52

Xv®H, ALLENS (1992) ARTMANN (1997)
DR T 5L 51T, FOMCX > TR 522D AN
RKEWEENHBZENFHIENSG, £oT, ORy b
PEALRNIC & D HEE A S ER O E T — 2 2Rk 5
T UM AR USRI B AR, BRI O FEE I AE S FLEEAL
BEEOHEICE, BRI OEPHENEZES Z &I
BEZEL TWER, R CEE SN ROTY
BRI EDEZEERL ENWI BRTEBEEIE N ES
AbND, iz, AETRULREOZAEELSEIZO
A2 50 5 72 DT TR DB DTH 5 S,

B, MNCEBHEEE -GG, BERWHKT
PR OR v N 2 BRE) S E 5 RICHTE OHERLIFR O —E K
MIRTICH R 2RSS B TR HR AR T 20BN D
B, [2-2 MBIBIVHE THRREXDIT, HER
WHEEMARR U T BRI U Cldiami i sc S g7
BAI305 OREEIREIRE /- 2. BEROBMFEIZL TW
BNbOD, HFINSABEBERICERT I IO
FEE OREIINE S Bbniz,

BEYE KD 5 WEHFE®R EOEADRY M AT A
BT, PORRFOAERBERE S AT LEHRD
PEa—FITER - B L, ANt ic X B RLEERR
R ORILIEERE TR T — 5 2RI HFXEHEAL
TWd, 29 LEEFRERT—F N—ZDEEITHEEL
=% (DUCK, 1992 ; LINDES, 1992 ;
MARCHAL®, 1992 ; STREETS, 1992 ; /\4,
1995) WB#E<HD, ZOHEENT—F R—ZDEA
ko Thy THBEZEOHEANHHETE S, KT
HREBEHRO—D TH 2 ABEMEDEET— 1L, FEHIW
KEHFIaND I TREHEOBWT—F &R0 S5
%, GEELNEERIL, 25 LETF— Mhy JHEE
RTLEIEREDO B ROFHEZEBRTE2HOTHH S D,
WUEWHY AT LA TREEEOBWAENE T — 5 215
BROITiE, MROX SIS NOREREIC XL > TR
JROMIREEETEHRIBETHDEELD, TOL
REEZBEATEHIECEST, HKIE ORLEMEI
B9 25— OFBIMESHRETES,

DIk, PERDUMFLERRSS K A N ORI fE D AL
EMEBEOEBZREREL, ChoMBEREEES ¢
TORY MERRZED T AT LBREHEMEICD W TEER
L7z, S8, IO ULEERSZBEXCWATHET S



S\ SER - T - HIL - B BERWHELOR Y N AT ARET 3% 21

ETIVENRRE, TREA DR Y b X7 LDHERREFTE
RSB EBRETHAS D,

25 1 E
AL OR Y b AT LADREEFHEICHET T, FEX MW

FLEEBEIZ 09 2 FLEEI BEAE O A 8) & REREIRGEIZHES AN

EHITOWTHIEL, BRI,

1) SAHEMERE, EROETICHE S THRICHA
(P<0.01) U, AiFLEAMIBERBES 2 PLERM & AR FLEEM]
LU TEL16~18FE1.2~1.6/ETho7z. Wik
B2 HAEMCDE> TRENDABOEMCED 5
ETOFAERERI R BB ORE & & BITHi/NL
7ro BRICIZELIERIIEEE I M ORI iR U TE DA E)
BREL, WARHICEORERICHL T456~60%
ETHINT BEMER o=, £z, FIEERIIRT 5
FLERE D EFTICHE D HRLEEMEERE ORI/ NCELE L 22 0
Ry MERR OERETORERRD 5N, EADOHLE
FIRERE D AEENL, TRy MHEFIC & o THEMR OB
BRETIIME LIRS0,

2) HEABOAFEMERN, BREREE &b ICERBIT
WAL, WABI CIIILEMEROEROESN
DHEBICNE 2o/ (P€0.05), EEAALZHEE
L7z, #AnRy SORBERE 7V I ALEL
T, ARSI K D B ARIE DS [T O R R O
BeRER L UEFRFERERELEHENEEEX
517,

3) FLEARIREBESY/N S WIRFLERIICBWTIE, HERLEER
25 UTHABRMEZEE T2 0L T, —F
bR L ORAEMBERNHFTES L BT, BUR
AR T — 8 2B A MAENHH T 2Rt Z2R
®L-.

EIE FRBENOROONSBMARDIER
5 & BARBIB ORE

-1 # §
EROTHEMDAR Y FOKIMNE, FHIHDOBEE
EHMELIZDOTHD, BRI DK iR 135

MEHE LAV ZEkko TRESNSHDTHO /.
UL, #EORY hOXR &3 B44kB X CHLEE

BULS NI THME S R20, T ORES L - R

EMEHTELFAL DRV EN¥ITs NS, &2
AN, ZOLITHRITHL TS, AMIEERHEEE
1, BB LUOFEAFEEHAL T — w7
BIEBEL, HILBTOTENTES, INEEMIERC
BEWADITHU > T, BEICETHEERELMBES
DHEET, "FIKA ML AEEATIEELTT 4 —
Ry T2EEBETEH"CEREETHD, LizhioT
PEILOR w MR E2RE T B0, 94 &M
EIMEFETHEMTORZEEITDONTHRFT 2 0ENDH
%, T4—bhHy 7O 2L — a VT BREEY
THHMEOTH - HRETREREVEHL, 525
NI EEBENOWARME 2108 Uz BT, #ikREE
DMIEILER B LEND 5. |
HEORMPBLIUVHEENTHAEEINTERLS AT A
1, IXNTHUAWANOBAZIRELZDDTH LA
EEOSNHNE T 2B EHNFENOHERAERIEE L
TAFATRNTIE, FoORy SEEREIZRTEICH
U THASDICARFRRENERET %2, TORDRELRE
HiZ, A N—VOEESE, T I TORRMIEDEH
EOREITH D, BT, TRy MEKRICEENZH
B9 D720 OMEER INT HHLENH 5, BEFENITH
U= oy MR ESENT 2 DI, FEROEE
OHHEEERD ZEa<, A M=V ZEERERFR#ESR
HEeZEEL DD, FERBMLOME - ke b iR
v N OEAEBERNT B, 1B, T TERUZRE
fREHIBEFH N OAR ST, KUMWABERL DR Y b
WA LEAL THL I BHOEE R 5,

32 BEHVABADORY b2 RT LD

BXEWAKEALORY b AF LTI, RN Z b
VBT IS BRI R L, AR DR & RS
BEEBI I - HESA 2 EOHBERBESER
N5, ZOWHROENOEEBIEBR T, F0k
BB A ZEHOBER L — I > TEIT - BAT D Z &%
HET 5,

KRR AR U 2 S O AL O BEE BRI,
UT1) HEOEZMEN SHEMBEREE, 2) ik
BIORF/ET — 5 =2 L BORY R 2l —
5 BAF, Y=Bal—%) OHEMERD, 3) HHEHE
BOMERELE, EDBEERED., CNETIERIN
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HIRORY F A5 A (ROSSING, 1997) kKB
THEAMII LEBEZBEELTHD, K
STREETS (1993) D|EFTIE, AT ORIt THAAL
B 27 ARBELTWS, ORy FEIENRTH
DB EAHEBRKBED T D 50, FERTmic
Ko TEZFaIhAkET ) (M3-1) THH, BEL
TSR X T MTRE L TS, ME0ENTIE, AHED
M5 NOBIBIRICL D EBERT ENWIHRICHEDE,
BEEE L HERIENIC B X 150mm, E&E26mmo)N KL &%
Q[UESV >N U THEEEMEE 5 2 & THENDE
BRI S 7. |
UL, ZOHEEmMt IR NIV B DEME
KBREINTVWEZENS, HHWBHIREIDFITHL
TREEHRFICARE T 2 AL B I BT B SITR 5 7n .,
Tizbbh, U OBMBAMED S R E T ORI ERE
HALTHBEA, A3 RO REREELE
BICEANZTEENRETCEIEREED ZEITXD,
ERE/AIB DN TERNTREED D S, HRELT,
FOBEL-AHELE T — 5 N—Z0FHENEND Z
L&ind, KoT, HERMERHBEEHEIT AR
BWTHE» S OFEICHL, BROEBED/NI IR
ZER - IR T AMNEND D, TI T, HICAEHRE
[EAEERET A ENEE L WEE BN,
I, INFETREFRINAEHELOTRY AT A
BWTIE, FRMBEREEEEEE Y Yol —5 %
SEEL = FRERAL TS, HEORKREER 2 B
BB IEEMAN R i L D RIEL, FHEWEN

Leg Pivot
Body Sensor

[Rear View] [Side View]

% (STREETD, 1993) %—HihZs
R3-1 FEAEREE Y OME

LTYZEalb—FBEC 74— RNy 7§52 &5,
FLE ARG U BME 24T 5 1IN 2RI B FE R R 2 £
D, IHIK, HRDKEIREEITHT SR OB
R REE 20 2. MUSEWHEADRY RS AFLOD
HRAAM=)VATI, WTNHEEIEBED 5 NERE8E
ML ToRy NEMERBEZ KT S Z L3 TED,
BIFHNHRICBOTIRETH 5, FAO+oIRiBHE
BIEETRRTERWIRY, MWl TEEEENEEE
THDIEN 0D, b EHRR T O HE AL & B R % f
RTERVWEHEICPWTIE, EHFEBRLVWREIEATON v
THRETDZEHEEIND,

IO URHEEIITH LT, RATFLTIEA M=)V E
HITHER L7z b — VIR B B 2 R S
HEEBIL, AEBIIYE a2l —Y2EOHERELL
Zv hEEBICEET O FRERATS, Ko T, &
AT LREBRT HEWMERIIA D —VEICERET S Z
L, ZOEHEMTIET 5, Zhick>T, &
AT DI BRI SHAE DT+ — Ny THE)
HHETO—EHOEEBREZBEC T, HEEALLIZY
D BERRIR 5 & AR & D 7R SETH | C D AR O AL 18 BE % 2 il
FEL, FENZHICH D NI RESBHNTH A SRR
OVEMBERRIIERERIND & &b, IFIFERM
THABREEIZFREICZS A5, 2001) &EX
bz, 2P, o2 —FRDWTHEHE—DT 1 —
Ny TEEHFTAICRI V7Y, TOBEEICHE
MM U2 ERLZEEE LT, EEOMENS
T4 —rhy FEEDHTAHERE L.

3-3 FEHESHOKRE ICHIT =G RANERE
3-3-1 #MHBLKUHE

RRBIEFEIL, 19954FE7H12~14H KN THEK
BHEEARY BEESEHIZR : D<), FFIHS
~12HICRKEEHERYE (S ERMFZCRT : ARE),
A 13~20 HIZi3t AR E BRI, 10H20~25H
WA BERSE, BIUI2A~OHIIMT TIEFE
BHEEY >y —BERRBRGOF 5 BTcBWTEEL .

NS OEF TR NTRBIILA Y A SRR

T1TEEZRER R E Uiz, HAIHEN 58 & W
HLHICHZD, TONRIZFEITE, 2E328HE, 3¢
208H, 4D E22HTH -z, WHARAT—IRWAE
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FIZDOWTIE, BIBEE Lo/,

BIEHREE, SRR TIRRE O »ho Y HE
F304a0 (16KF) ETORMME Lk, /2B, HIEE
B OWEIARBALBERNCERT 2ETEH 205, T
Z T EIREEOHEEM & O BERRZHET S
ZEEHMELAEDT, ZORIERBETELZ AN
B O EHWL 7,

B 3-21IRTREA b =)V NI & B 72 R A8
T, aArXy 7 AEAWTITbN =, #HEX =)L,
FE TS AR AR A RIS KL (Bl s o
—727 1 150mm) E#AMERE/SRL (A ha—2
200mm), BEMBHRD HLEB MBS I UORBREZ
B L. 1k, £2E3,000XIEL,500X &
2,250mmTdH 2, A b—)VREDTAIZIEL 100X &
T2,000mmTHY, TORERRMEY I TVHELLED
HIERICIBE OB O ILE BN E L THAES 2/,

DIFOEBIZLEN> TF—9 2RMD £ &7z,

a. KEARE, b &8 c BIEEE S BIKETHET
DIKFRERE, d. AU S FTELE S £ T OREK T
TEEE, e FLE, f AR, o LB SEEATHET
DILE/ACEIERE, h. RN MIRTRERE, 1 HEO & L
i BoRE EE, ko ATHILE IR O REH E &,
. #FLEERERE RigAEAR), m AEES (F), n A
GEHER (F) O14ERE L. P, FLEERT LR
M5 25mm DL E R E L.

M N —IVN TR OB AHA DD ETEN% b
MDIRWVEEITIE, HIEE P TREL 2. £z, B8
EHRRSE S EDICEERG LR . RREDEH,
PER, SHHFEEARBIUCHLEREOBEICONTIE

B3-2 HETiRilE

TR OIS — Y 2RI L, B, ABICH
VWL BERIBRRE & R & AR, BT B RILEILE
AT SH L Tl A7 T B & L7

3-32 HERBLUER
F3-LITHAL TR v SRR OFETTH L ORI D
REHEIE &9 B 72D O E IR EHIIE 2R,

1) HEAAERE ICE b % ZEFfEE

HAR & RS B 728 O R B B HS 2 Bat
% LT, FOKEEE 206 k8 REBICEAR
EBEREET 5,

1% 5T & EBAL O W E K R ORI, AT ED
140.0~181.0 (5 fE : 160.0) cm, £fEIZ56.0~
80.0 (JA168.0) cm, A& 12130.0~155.0 (J5]146.0)
cmTHo . B, T TV KEREEIFE IR,
5 AL R E T OARCOTEERE R R, KT, R E R
EGEHEE DA RIS L C T RS 5 BT 2 R 0 & o
BELT, TIPS FiEE L TREN42.5~55.0
(149.5) cm, MEAIEIZ50.5~640 (H58.0) cmTa
S, B, WIEEIEIEZRS O S THFICHE %
HLUTHY, BIRELELD SRS D EREOWLEL
THMIICEHTS, SRABRESDETERLIZL
WL TH B &HIWF L7z, -

HOEEEEERLZEAGEEED, LEEEEA
MBS L TERARE T 2 L — & OIERIERE
REBETHIEITLEST, HHEDOKREEA F—ILA
TOHKIEELEMBEHE TS5, £, ZZTH
EENEIEEROS & TV 2L — OESI R S
N5 &5,

2) IEERTHICHIT 2 Fm2efEsEE

R OEBEEEUT, Xilh& YHhd 2 -2
HMEINEBERLTDERIEAMTHD EEELL 2. XE
T AL Ui 2 B BEAE & U THRRRT S I T+ A &
U, YEZBWTIRAMER L 5 B TRl LN 5 4
@z +, HlE—-FHReET s, £z, ZEEEH R
RR&d 5,
FIRTFTLIR, Y22 L —YOEHENHARS
N5 ZEMEEIE, XS W TR S E o S %
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]/31 RIVRG A VERBAFDBERAERZR
Statistics | Min. 25" Median 75" Max
Measurements percentile percentile
| e (o) R
Level body length 140.0 155.0 160.0 167.0 181.0
Body width 56.0 65.0 68.0 72.0 80.0
Rump length 42.5 46.0 495 51.5 55.0
Hip bone width 50.5 56.0 58.0 60.0 64.0
Hip height 130.0 143.0 146.0 149.0 155.0
Teat tip height Front 37.0 46.0 50.0 56.0 63.0
Rear 35.0 43.0 48.5 54.0 61.0
Abdomen height 47.0 53.5 57.0 60.0 65.0
Distance between fore and hind legs 79.0 105.0 113.0 123.0 139.0
Inside width between hind legs 8.0 15.0 19.0 23.0 40.0
------------------- (MmM) e
Teat length Front 58.81+7.2
Rear 47.91+58
Teat diameter Front 25.243.7
Rear 25.6+3.4

* Based on 111 observations (one per cow) which consist of 37 in parityl, 32 in parity2,

20 in parity3,and 22 in parity==4

e BT & T OAKCEBEBECT B D, 79.0~139.0cm & A
RO TRNEHIC L 7285, iR O EHI B W Tid R
IMETH 579.0cmz BIEME UCRA Lz, %k, Y
FHE D EIRER, AEOBIEERETH Y S 2
TEILYRIT 7Y EREET —LDMEH T A O
FICHEAHE RN 2R HEELT, RAEDOT5%K
(72.0cm) % ERE &L,

B3-3ic A B 2 FUE L 5 4 O I E DL S
& & X-YVH LICRT, AT E T O X
(Mean£S.D.) 1%, #NEn400+45mm& 3056k
47mmTH o/, Tiz, AAHEBAEOXEEDOLER
213, 13+7mmé9+5mmTHo7=. L, EHD

(n=111)

200 T

. 3

el

o

a r-

K F

£ 1007

o r o @

o

2

& =

5 O

cE

(5]

£ F & ©

2 F o

‘e -100

g F

5 F

2 © Left/Front  ORight/Front

o : AleftiRear _ARightRear
200 +—+—— oo ————+—+

0 600

Distance from rump [mm]

B3-3 AEiHEEEL LI BHEOME

FLERMEMNI Z N EN104+25mm & 104+ 26mm & iff
BILTWB =, FLEER CHRS N5 BB & & & e
BEWIRESE U,

A DY AT B W T, RALEMERI R bILE
Uiz & E0HMBEERICY DY o L — & OREREERE 2 5
ET B0, BE5NT—F DWW THIETRRLE
itk & O RIRGE I A S FLEEIREEE D A Bh El R i B
DN, 2EFRICDWTHREOHBILITICS T 2 &5,
SEMEIRRE 2 L 7z,

53 2VN AT BT B 5 O TLIRAL B AL 2
ELUHERDE% M E5%MERT. AMFE T, 5%
~95% M DT —F & EHES O BB & Lz,

£32 SMRILICH T B EITSILTED5%IE & 95%1E*

Percentile Values
5%th [mm] 95%th [mm]

Co-ordinates

X-Axis/Front teats** 343 524
X-Axis/Rear teats** 202 375
Y-Axis/Front teats**** +69 +161
Y-Axis/Rear teats***** +27 1144

* These values were calculated as teat placement for pre-milking
of post-parturition according to the linear regression analysis
reported in “CHAPTER 2” .

** Distance from rump to front teat,

*#% Distance from rump to rear teat,

*##% Digtance from center axis of cow’s body to front teat,

##kik Distance from center axis of cow’s body to rear teat.
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ABEDOFEERIE, XEETEHAEDISYHTH S
524mmb S5 HAEDS% M TH 2 202mmO#ifH, YHE
ECIIRTALEMEDIS% A TH 5+ 161l mmOHipH % —
DOHREEZD, £oT, FEEEEROBREICHEL T
W, XEEHE L YEREZZNER (524—202) mmé&2X
|+ 161mmé& U THEIE350 X 350mmd Xl & L T
THUTTHTHA 5,

WIT, A Bl &9 B PLEA & AT £ TO#%
KRR 2 B 3-41C R T, BRI O X R 80~
390 (260+66) mMmOFHEICEIET 54, 2ttt
55 27% DER DB FLIEEAEIETE & F5%, &2 W3
HIAELTHBY, HEMHN SIS AFEOETE 2R
LEEWNHDWETE o/, 22T, Y2EalL—
& ORBEERICA Tz > T, FOEMTHEMTBNTE

B DELE D 5 5L D A RREAME W 2 i T 5 7201,

BIREEY &2 5% OXEZEO ERRZ2400mm & 3 E
L7z. #1Z1E, PROLION 25 AT, BIRIEEY T
H HBIEOMBRE & HHE CHiEZBE X 150mmaD 2
T FICEELZEICED, BEOMICEKRENTVS
BAUEEZFHICEHIES, JhcLko T, BRy b2
KBDUBERRCT 1+ — My TEFERDITT 0%, T
OEEBEBZBHET S EOFRERERINTNHD
(HURNIK, 1992 ; MOTTRAM, 1992 ;

ARTMANN, 1997 ; ROSSING5, 1997). La» L,

RIETHRALL DI, BEHVMIOIATLATEHATF
FROEBEAIRETHZ, 51T, REARBEMERICXI

(n=111)

500 T , |
F y=0.571x + 84.663
E‘ F R?=0.162
E. 400 £
2 | .
= &
£ :
f:g 300 ©
2 .
£ g ®
g 200 @@
£ E ©
9 . > o ©
2 g S o %
8 100
B s ®
2 g
0 |||||||||||||||||||||||||||||||||||||||||||||
0 100 200 300 400 500

Distance from rump to rear teat [mm]

R34 WBBUEEEEE T HRITELRBDOXER

HHBPRDE, FEENRETIHEM AT L E LT
P ixn,

RTHIZR3-TIC K Aid, FLEER S 128U B @A N AR
BEZ80~400mm & fEMRIC L - THIREEIT R E < B
BH, T THBERENCSY 222\ FBE LT
26% 5% (160mm) ZHMU k. AR O®EXEE LR
{E400mm”M 5 R BH T T, YEEE+75mmd2e
FMIOREIBIRSEMFL LT, BEAOTHEERT S
DT RLT o745 Ok, BRUREREEHHEE
LIS E R T 2 BEND B,

3) BESTAICHIT 5 nE A

H3-5ICFERZE DM EFHOEE S M ERT . T
FEH b3 370~630mm & SR WEIEIZ A L, F O
HEIZ500 (25%4 : 460, 75%5H 1 560) mmTd >
7o PERBITIAPENS49+49mm, 2 FEWXS07 £
49mm, 3EIZ479+£52mm, PIUV4 EL ETIX
450+ 58mm & FEER DETFIC > THBEM LSI3FRE
(P€0.01) &< 727z,

KETHOEMN B, BEHFIT DWW TR IR
BEORBEIGER L TORy MELS AT ANDEFHN
RBENMNEEND ZEMS, DRy MELESRN 5
IKENBFHNH B HURNIK, 1992), —F, 5L
ATENE SV H 0BT, BHRDRY AT LR
# UZHURNIK (1997) MILLER (1995) &,
ROBINT I2b b A EMB O TIC > THEE OHEN
BEDELT, ABOBENZELADHEMRBE TR 5 D
a2 BEEEERL TV,

Ry MR, BICTY RTT =7 & EOERE
W7o T, By THEBROEILIBREICEE RS
WIREIC, I EENEDENAEICHL TRy b
EERVREETHINENH D, AEMESE, Hy THRE
OfEEHEBLOOR Y RS BRETHREELTSET
DOZEMBEBICIE L, &I d % 5E FRMZ
350mmEFRFE Lz, TREZEIRET 21IFEARY
MR AN, T — bRy TRKE Y a -3V
2 F 21— THEOHERE - B IS O TRBE &7
LOREWETH S,

SNEHFOEBEHDOZ ba— i3k E < HBATHS
FREDRYAGHATKE < 20, FLTHEB A 53R 5
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—_
o

Parity : =24

Cows [head]
N W b O O N o ©
e

350 400 450

NDWKOKEZEMTES, LHL, DOMITHED
E&TBY VFaL—% OAREBRICENRTS Z &I,
HEOEAE EOICHERICEEEZKTT I 8BS
N%, 22T, IoEaL—5OME ) Ko
Abho—7 4Bl I REEEEE—- e TEME &L,
280mmiTERE L 7=,

H3-6ICHEEM LHmEEHRTERm S ONMERT. A
EUBENEWEEET THS S SORENFRICTHEL
BB EM (P€0.05) THY, FHIEEROFIIBANT
WEECTH >z, T DREE-30~160mmic 7L,
ZOHRIEIT60 (25%4 1 20, 75% 1 90) mm &%
U THEEHOLE W& ALET 505, MEEEOL NHLE L
KD BEY, HD5WEFEEOREEN 2T D1 2%

(n=111)

700 [
[y =0.422x + 351.64
[ R®=0.492 ®

'E 600 + eo-o(a,

E . ®

- &8 2

0]

g F /§ S

o L =Y

3 500 & °

N ® ®

E

=) s

£ 400 §

300 AT RIS B L
300 400 500 600 700

Teat tip height [mm]
B3-6 FLEHELIEERODOM L5

550 600 650
Teat tip height [mm]
35 EXRBIOFEIEH L5

3N, FOTXTHYETH > /.

ZIT BRy FOBREEEHEAICRETSE, F)
HIREE (BBAFIZENI=0) HOEERNRETIAEET
DB, HASNIEMTHTOEMELERS, Lo
T, BEBOFICHSND FRUEmEZERL T, JLEM
BICHET 28R T, Yool —ynESICENS
EXRABEMZERT 2 0ERH 5, ZOBENSH
BERITHRANEDT 7 AEO BRWEEHM~Y =
alb—BRICTHEEBIZ, RERBNTOEY IO
BMIREEY VF ol —% OEBICEETHA2RETH
%,

3-4 7:5;V~9@¢%ﬂ%@2ﬁﬁﬁt
Hetiest )
34-1 vZEa L —oHEEEDIRE

BRI S, Y=F 2 b —F ORBAEREILZ O
ERETHIAE FHOBBICE I RETHD, I
B lE R EAEAN DT E T 2 REND 5. T2
T, YSZE2L—FOBEDKREIIAD LT, FEF
FHeBWTHES & CLBEORIEN S, H2EO RS
(k\Ze 4 e Ze & i L 72 XY & X-Z P fEs (R X
TARE) #/3TICRT.

BEEROXBEORETIE, BEmERERET S
400mmih 70 S FHEEBE O B/ME (=790mm) &
kL 721190mm, YEEETIARIRD75% 5 (=+360mm)
U, THICHETHE S N 2 RIG s /ERZEM %N
Ale. ZEHAEITH, BEFFRMES50mmic X ho—2
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) Standard Workspace

Distance from center axis of body [mm]

0 200 400 600

800 1000 1200 1400

Distance from rump [mm]

Standard Workspace
800 : ‘ 4 : T .
1 i I | t i
[ 1 i /l 1 I 1
700‘ ““““““ l““““‘;**** "I[-””.’.’_’?l‘:’_’:: ;;;; l *_**.i::g: *******
L | [ | 1 |s
i I | t 1
| 1 | [ '
— 600 +-------f--mmmm - T B By B e
g L ! / : Stroke for vertical axis l:
g 500 Lo b T:__.____ —-:: of robot manipulator ””if 77777777
g r | { ; ; 1
S O N O N DU |
= 400 T T i 1 N
g , : AR EEEPE e x
= U A N IR [ [
5907 : | ! | ! !
T I 1 | 1 | :
e e e s el (il [
L | | [ | | I
SO N T SO A A A o
] | 1 | 1 I
L ! | i | | |
] | | | 1 I
0 } — } } e L
0 200 400 600 800 1000 1200 1400

Distance from rump [mm]

H3-7 hy T EBEITZEFal—ayOEEERESETI

WMHEE280mmEFLBEOE S (£F3-1) 2IMAT,
690mm?z FRRME & Uk, FEEEE (R Standard
Workspace ; MAKINO, 1985) T»H % 4 HUHDOERE
fEI (XPERZ ; 200~550mm, YEhMERZ ; +£175mm)
CRBOFEEEE (XEZE . 200~400mm, Y&
B +76mm~) REBSIICEEL TS, TR
R E <722, 7ad, BEEERIT— My TR
WRILAEZY RIT 27 Y NZEMANTEICER DL T
DMBERSBHEINSHERTHD, TEZBIEEE
(Dexterous Workspace, KUMAR®, 1981) i&+%
AEINTNDIRERD 5,
JYoEal—2id, PHPRE (BBEESEM=0) »5
HY —LERALT, FEEREERICEATSETOEHE
BT, FENHBICERBELTTE D LIIA V22
NHEZENTVWS, £z, Yool -2, HEAMC

DM TRE LOFERRITEDWTME T + — RN
w 72X BPTPHI (point-to-point control) &>
TR%Z ENBROHHEERITTHILNTESLLELS,
2L, EEREETY oY o L — & Bfi OB BhHiFE AT
GHNCREL RSB NESIZ, BT —LATEHEEZSHEL
TERTALEND S,

342 YZEa2V—FDORNREHELZOFA
AMOLIE 7 HlEEZEL, FTHLOEEATEE
THREGRL6 HHENTEV T Lz T, TR
MEMEZ—DETS, LML, ZOREEDZICER
EERBAECNAEZ L TWBEEZBN5, —F, 3
HHEEREMAN TEROMBICY S 2L —F OF 4k
ERBSELHAIE, MEROOHBES, B8R0
DEME3DAR6 2REET S,
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EERDENDHOO, HBEEHTIEIZIEX-Y R
WICMEBT 2D EHWIL, £/-7 05 IEBESRHEE
VNEETHIERFEAERN, T LAEMRIIHL FERER &, BRFET » T EBT BEEE
, REFHENTEBRES BN o L — S
NENTWDS, Tiabb, BERINSFHEHNEYZE 2
L—3a rCRMERD OEHE 2 RO 0 |l E

A mED Z2MAT-EERT, WIREAETHD, T,
RO AEALEMHEEHEE 2 S D 0R Y MEE2EO FLUT

ﬁm,mmﬁ~®@%ﬁ&%xé:tﬂf%éoyxT

At 3EOEREESE L, ZHNICEFBERITO BELBITDONTEZ D,
EHOBHMBE 1 (BROOX-YEHIIERT HZ 2D AT T BAEE, XT BV

F3UR UL DI, FiEOFLEM LEidETOR AICERS SRR L Z0R Yy MEEIZBWT, 22
BHLIT— My TEAE FHCBHSEHEET
13, hy 7ERETAEETOY —LOEEBIHREINE
BRE X NI
EREF—DEEREL TRHRTHIENTES,
T, RIRTEIICORY POEERREELTH
BUDDEREERY, EXEEL, S0 AT DAL

IZEDERT.
B2 OEAOED ZTOFEMOWEDXRT VT, 24T

W8 % X 3-81TRT . i D, i, e 3.1
, R AR DRI YZEa L ERDERTHIENTED, 2T, ERORE T
—HEEBETHIEIEST, IRy MERRDN—X W3RT MV ERRT DEERERT,
BEOBE EEET A2 EERD, Ko TEEEMTO 5D DATHT BEEBNE, BEAINRT NV, on, il
WEINDEERETRDIEREEREY > 7 JERE FVET. m, 0B I WalIZTNEN DK, Tiz

LBIHEFRA 32 o — & 13 EER T O EIEAT NEZTATH L TENREN
DT, T2RIT U ZIERLEARE S YERNS 10 = e, Py, )"
NI ERHICERL, BEROERERZTOIILL "0n="L" 01 0ny, 0n:]"
1%, I3, WIRROFHEMICOWTIIE4ETENDS, "an =L an) @)
EREIZERE, DRy FOIEEERRT 2720 O HEE EREREND, miTon& aDIEICE D
RTHO, EFHRTH 2FAEMNLET B HERAFITE ="onX"an
EEIND, RVATALIBWTHE, (ERERERD—HE ERHETHILENTES, 2B, ‘ol adBITi
TE S NAUTF AL E R HEETEHEIC X D FR D RIR S 1 on * Tor=1
MAED, EAMICEEEINAVDDOERET D, T an o =1
B, MICH DK ITHEERL - BRERE & "on + ‘ar=10

Base :
Global positioning unit
consists of hip bone plate o~
ZO and rump pad

*P: Prismatic
R: Rotational

Reference coodinate system

3-8 HHBEOFGABBRME S SN I(CEE LAXYFEEH2 B AERIERD?,
BRRO N+ ZWMABERO1BREEZE TSV Ea L — & HIBE L EIER

DBy, pPB Lz HFMOBEMRYT FLT, £X7 b

(3.2)
(8.3)
(34)

(3.5)

(3.6

(3.7
(3.8)
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AR D. 2B, @AY MIVOREEET,
L7=do T, X7 M)V, "o BENa® 9 oD 5 Bl
SMREHIISIETHD, kD, FBEROLNI3E
DINTGA—F TR TEDZ EERDN, AORy b
ATLTEIY RIY 275 OffE, L&, HE, MNE
BEB K OANEE X D BIEA R DOLE, HEPB K O
JE R B EB) E RN R A E D, ZhICD
WTIE, #Bikd 5.

REa L —FAREIT, ZEHRICBT SRR E
EOERRETH S, BERSE, AERETTAE -2
H (Fa4—bhw 7o~ k) &OEESHmmEE
NTHTH Ay IANOEZEE#AIC X > Tl ksl
INBIENFETENS. 2/ZL, ZOERZIEET
DA —ZANEMLITWESEMRET S
(SCHILLINGMANN, 1993) 7%, #HLEMNT I AL —
AW TN ZE ST, BINEEX THENBE
BEHETRALTIA4T O AMEERMAMT ZBENRDH S
D. £oT, HHADRY MCERINAMABHRDIIXY
SEWO 2 RIETHHTHBH, KLOMP (1990) 1Tk
T Z DR EIE +5mmBPINTH 5.

13-2) OFEMIETHERAELDI, BERMWAOR
w bOEEEELT, TR FIEhy TEM
EZHEL THEOAEEZRHT HEEZREL TND,
H1-4iRrLLDIZ, “single cups” BRDFHH
“module” BRXILVH, M EENE L B SHAEITH
LThbhy 7ORZEal—3 3 3L 0kt E2ET
BHLEEZOND,

B3-9ITRT LT, X-YEENEE< 3D EEKEE

Y’
/i /8"/ Shoulder X

F3-9 ORy hv_tal—y0BEEEFI

HiEETHLEMHM Y2l —y T RI T/
frE%d 5 BEECSbENELIVEEIE, aks
UCIRERICZ < ORIEEED Z ENTE D, 2,
—ODTEHHEDHFEL LS HDTH D, TEHHE
EETAHIEa L —F e LgE, BEvT 2T
AT =5 OENE IR0, HBMICEM SR, DRy
NEEOEEDREL/AD, 51, H#ETILTY LA
WEHHC T2 0 T DD DFERNE L 8D, THHDR
RIS A 5 T ORI & ER LRSI EEROE
FIIEND,

ZZT, nBHESYZEL—FIZDWT, ZO%EIHE
HOBESALEE0.(=1,2,n), WEEDLHEFTH
X7 NV #O=[01050.", &F5, TRLT
Y OMBBLOERERTIY KLY x 7 & RENRY k
WEr= [l (m<n) &35, Tiabbh, #RL
FAEEROIY RLT 175 OB & L8 ETRT 5%
FGA—Y TH HIELEEEERT 5.,

SKRTEL—7 V) w REMOBFTLY KLY =7 ¥ HH
M7 BABE & DAL —RNREEICEn=6575,
UL, 2KRGCFENEESYE2L— TEOLY
RI7 2/ OFEENTOMBOSZRBEE T 2541
m=2THY, MEOALZSTLYAZHEELTIES
Em=3L L TERILTE B,

OErOBRIIR L Y OWBIC Lo TEED,
—RCHERIE TR, DRI 7 5 DLE E L8 %
F£ITRY MVAFBEBIERERT XY FILED

r=£(0) (3.9)
THZbNDEMAENEGRE D> THEINS,

ORy MY, SEEAZHETS ISy TD
WEEERERT S, COLE, WEHYE - Y IETH
BIR ZEICED, (ERERERCBISI Ry
SEREY Y 1 L—5 OB - BERE T
5ZENRETH D, Y ILFFIOE, BHXTRE
N E R BIL L 28575 & L TE#R S N
Z’),"

GIOREMMER TSN TEE,

F=J(0)0 (3.10)
B85, L, =Y §=1 o)=Y cp
(mxnEFFIOESE) TH5 (F)l, 1992). AFIFET
> 3 HEEREEHOY Y 2 L —& il Ic LT,
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r=[x,y,af & LIz8E O 3 EFH1I0) %KD 5, (3.9
x=hcosbr + :cos(@: +02)+ lscos(r + 02+ 0s)
y=0sindr + LsinG: +05) + sin(0: -+ 02+ 0) (3.11)
a=01+02+05
ERBITKRES, B1DHKELD
5= —{lisinf: + Lsin(@: +62) + Issin(6: + 02 +65)} 1
—{lSIn(B1 +62) + 1sSin(B: + 02+ 05)} B —ssin(@: +02465) Os
9= {hcosh: + Lcos(Br +02)+1scos(B: +62+65)) 61 (3.12)
+{12c08(01 +02) + 10801+ 02+ 05)} B2+ :cOS(B1 + 02 +65) Bs
a=61+0,+65 '
W 24T,
—{hsinf: + bsin(@:+02) -+ Lsin(@: -+ 02+ 05))
JO)=|hcos 014 lcosBr +02)+ lcosr +0:+0s)
1
— {lSinB: +02)+ sin(@ +0:+05))  —lssin(6: +02-+65)
LCos(O1+02)+1:cos(01+0:+05)  lscos(Or+6:+0)
1 ' 1
(3.13)
EHEDLIENTED,
KIAFLATIE, TORI 77728 HELRE3H
Hifh 2 BT o THICHT R ES 2 &5 ZEitko
T, BBICEZRT 2R B/NRICHEREL DD, #ik
U7z K5 1iesd TRRR7 BRI A U CHRILERIC R
TEDWRENRIRVTB 22 b0nE LT, RROMER
WOHMEARE (a=7n) &Lk, LT, A2
Eal—F3IY RLT 2 7 PIMiBEDS ZHEE T
NTE W2 HHEEBEABENCH DO EEADL I &
WTED, ZOH3EEIOZRBIRELEDOD LTIV
ZEalL—FIZEAEENELRD, SLITHESS
(BT DIBAL T sy FH)Il, 1992) THARWET S
Em=nk720, BI)EOYIEFIIER &S, &
NERAWEEEYZE 2 L —% OFBREE (FEZM
SOOI ERTIEE  BADRY b¥x, 1995) OFF
T DNWTIE, BEE (55) KWBWTHRHT 5.
ERLOR Y b 0% 3 FEEEASEIEL, —E0REE
MR U SRR REEEMTOR 2l —2 a2
WREET D, £, THUSHREL TAFIEIT D v TARE
HULEHIEL D OEIERA & 5 2 I3\ DIz, oy THCE
TH5Ya— I Fa—JiEVEEDTICHY 7%
EETELZENHFHINS,

3-4-3 {FRFHEL) VY IORDRE

RELUEBEERZ D &SI, Yool —F 2H
GEHEY — LDV RERET S, RiROLDIT, &
3 0 2—EDLEBTHIET 2 H/EITIE, T OMEZE
WEAERNCHE 1 BRUE 2 AEOER L > TR I N
lEERD, —F ETad7—L%E60° RS EXN
vantEongd, ko TaxXbDHEFIEEEZE DT,
V—halT7 —LbEEAIEREL TE&L 2160° KRN
FRW, UL, BRI ZOBOEESBRERICRS
DT, TOHIZOMHERZHERT DITIEIRT0° RS2
AUTe BT,

K3-101%, AT 2L —FOEBRIEEE L Z
DI & EN DFREERIROMEI LB R 2R X
WCRTEDIZ, BILELEATB2HR0DY >0 2
BfiCHR IO a Ll — B E > T, WXELD
EEEHERTES, Bl EE27—LDBHICL-T
TR E TR T D AMMIA-ERITIIA N 7B OR Y b
LRETHD, 2HhT8EHANEZMAKINO (1985) @
FEICE S, Y MBI 5o L —% HEEH
D EFEUEMESEIR & DFEEEE 10.85 XN LIRE T HITH
B TH 5,

ECELIBLVE2T7 L0 7 EOHE [+
ELT, BAEEBOEEERKICT SIEL=LET
EEB WO THEMIZL=350mm, =350mm&/x5,
EEiCk bOEEBEICOWT, FRoEREFroE
HEBLUFEOHBEREEL T2 ) > 7 #iE &
BRI LA, FBEFBOEIMIFERSET (NES
MBIEREERR, 1980), BRANOHMEITRROU —F %

a (= ] ;) Dexterous workspace

| / Maximum rectangular
ARt W —— ] workspace
: o : / Standard workspace

N

h=0.

F3-10 H@&ORy MERROEAIER R
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BHEITo> TS, LhL, BETIRIZATLD
e, WIHIREED 5 BHEESEIRICBRAT 2 ETOY — A
DREFEEERED 5 NEFOHITRICBVW TS, EEY
ELEEESE D EEFMRETINILSLE LEAN
W, ZZTE, h=400mm, L=350mmAERATS
ZET, EUEEEE L TEXEYEARICENERN
400mm & 350mmOEBIEREIN D, EI3T—LY
ORI, XEFEICBWTHALE (B&/ME: 182mm,
5% 1 212mm) EERIREEY) ThH 2B (B
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WTLE=200mmeEFE L, IO LEREDODE, K
3-THR L e R B R X L T, el & OF
WRERL DD, $3 7 —LZEAIETHBAEADOY
ZEal—Ta iRk EEZLND,

Fh, IN6Z/Y LV IEOREICL>TIYZEaL—
Y DEEMBZIET D ENTED, BB E
T HXEEITBWTIE, BP0 EEEEER LM
5+ A (BEESAT) 12200mm (37 —AU >V E)
F5 L TE80mmDRA > MIHEET IR, X512,
Y R B TR R o B R A 5 AR Ll B
M175+0.85 « iy (3=500mm) ASERAERY/RERFEME W
5T ETR D,

PDEDBREOSHETE, YSEaAL—YDET —L%
FOBAFEIHIREEICB W THE 2 B o X EE
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B, 728, TITERLEYZE 2L —F DRELEM
DOEDITIE, BHEOEAORY hOYZEal—4iT
BARTHRY IV ERELSTHEEDIZ, LVEHAEZS
D LB S L TWS ENRITF o N5, Thabb,
BELEANOHEAZFIRETHDEIATLTHE, 54N
TOBEEDTIMIHETHD, BoNEX h—JL2ZE
MIPICHEA L THERBERT S 720113, WEE/RRD
WARR DX MEEBEBIEZRDBERD 5, 25
L7zBEKT, KRUMWARAORY b 27 L DREH
FEBEICRELHITEZRICTLHDOTH A I,

3-5 I =
BEFVETHRE LA DRy NOBE, F0ofEg
BETHDA N—IVCERT 2HEERNH 20T, B

HFOEEHORy h2Z0FFHEALTRRY F A5

LERBET D2 E1E, BB TOMALECESEE, 2
A N EEETHIHEY) TN, UTelso THiziC B E
FVABEALOR Y hDOEODOT Y 1 L — 4 Hik & 5
TEREND D, AETIEIORY b ORARFHEEE
/BEZEEENELT, FOTHEOBIEREZD & IH)
WEEY TH D WEEZEREL T, T —hhyTE<
ZEal—varT 5 ETREREEEEET VTR
Lo T THELSNEARME & BREHEEL, 4 &M
EMHETEEMICBN TR OREERERICET S
DTH5,
AETHE, TRy MERRICERESNZHBEESY >
U REDHAMREZUTOLIITRE L,
1) Ry MEMR OEAMET, M@k OfERE 2 B
HEE (5 - MBEED, 4-RENCHICTETRD B8 %k
FYORBOICIER 1 BHEE GFEBEE) &L,
NICEEBIEZRITD - OIRES O 1 HHEZNA
7= T 2 B E B TR IS+ Th B L HI L 7=,
2) Yol —FiE, BT+ —Nhy SERERL
TENOAFHEERT B HRE Uiz, Fie, FHBRK
EYBEICHET BT a L —Y 2E0 Y
TEERBEERTOIEICES T, SEBMARLD
TR BRIRZFEMR T 5. (EREEREORY OV
>y R R — OB R & BIa T T LT E,
INEDVWTORY S OEBZEBTNES L7125,
3) bRy ~OX-YEEAIC BV 5 EEHEESEE 2 350X
350mmDYA X ERELT, IhikvoPal—¥
DLEBPRD DWHEHEZE TS E, ORy MRED
P R, AEuiEAANES U XEBES80mm, Y
JFEREVE LR AR ALY B FI500mmBER /= S ATERAB )
BB, Tz, DRy MBS T 1 L —5 i
KM CECES 223007 -4 7RI,
EREEZHOREICEIVWTL=400mm, .=
350mmB L VL=200mm &#®FELE. N5t
BEREHC LD, RGNS RO ENDHEA DR Y b
L EN OIS TR VA Uy I ORI O
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FAE BEMOAEADKRY FELTOYR
T ALBRES R
41 # F _

AL AT HITBWTIE, BEFEWER ORERRI
SRR Oy b e O EEEHR DRy NE LT
BT T, FENBIUZ M=V N TOBEIEREE <
ZEalb—a e ME o ik, BEintko
BWT = Nhy TOEBEEEERT 5. FENBE)
BRI B W T, B 1ETHMNBRERANESAOHE
AER-> o=y MREBERRE D XA T LN —D0D
ELlsn, Tiabb, BBITIy NI r—LE&ANLE
ZERICEC L 7= L—)V L2 BT T A E Lz BT, Zh
WORy MRy FEBRL THifEEE FLIcE<
BT RE e R BT A0 Ry FEBEL TV,
X512, HB3BIEBNTA h—LNTOEOTE IS
HERRR DBIEMN 2 BT 5720 OB EHEEI I MIRRIC 4
%%%%ﬁ%b,:ﬂKE@%ﬂJ:vb§ﬁﬁﬁéi
LR & TEMBTOR Y hOEEEBEREY >0 JEIE
REERR—ICT VWS lRERR LUz

Bl —3a VEERICBWTIE, & 3ETHMKME
BIREDNTRICY D Ea L — Y MO B HE & BEO
MEREWAL R Y b E LU TOERMBEHE 2R~
Fzo TRy MK 6 HHEZLEELTZEEDONSDS,
CAUIZEMIBNS R D R RETHNETH D, T
DOBAITINEROOEHBHE 3, ZERDOOHHEI D
BRI6 ZRBEETHOTH D, LinL, FHEEZN R
) 2T TR IRD OERE B E 2, RERD O[EELH
HE 1O 3SHEETTHHTHYD, AHEOHMICH >
TWET 1 — by TERBBEDCDONERBE 1 (L
BEHROSEEICER T2 A 2HA2I sk,

BHORY FOBE, INETIKRRELSICEAD
ATiE & U CHRIZEBREN L FANWNBRERNTH 50 0%
BIIMD TREWN, FiFL, TEOHEALX F—izsn
TORy MEEATONADIH LT, BHFEDRY b
DDA =)V ETHE L ThHrESBAETOINEND
B, UL, BN EHZEMICRLEBBIOLD OERYE
WA N =)V O ERHEBLE TN, BHZObDIR
BN DR EERBETIIRNWEE X D, O EAHMM
CEERORY NERLD, EBTHEOSEREICENTY
DRTTRADS, BENCIHA S 2BE(NERI NS,

BEEVARALOR Y M, BEIZESNS DR N
—IVEICBNWTI Y —7 > ¥ v )VIREE THIRNA S &
EALNDN, FICHEEBEEHENT SR N —ILAIK
BWTIHEROER - B 5 o THT < THIMEIE
YD BRETIEARW, Znld, BOTTEMA (1992)
DEFH (2000) OERYD, EEHLHE2, 3BTH
NI MEREEEC TR ERTHH 5,

FADT 4 — My THEBRICBT 5 ERE, B
OHERITEDNT T2 M=)V ABEEE Y~ =2l —
>3 VHSBEDE R AR E B AN XA DH D ITH
WORmMEN SRS ZEickD, BEgEADST =Y
2 L= BEERILL TR DR 0R y FEfEEE
By 5ol gEs AT H0THS, UTF, I=ta
L— S RN EFRET 52000 R Y MEERED
BEHEAZRET B,

42 BEFOAEILORY b RT LDEKIEE

TA-LI, CNETIKHAFEEINLZBLEWAOOR Y
AT LERE TR TRI AT LOREBERT. TR
FTHMERTHANED SNAREALTR Y h AT A
DAL, @ THUFEWADEHZRELTED, X
S THREOHAA b—IV~\DHFEWHE Z27HE5T 5729
DR - RO LA 7 N RORGEE A E M S T B 2R
BHNEREIND, ZN5ICHEb 2 I E TOMRERE
KBTI (B ZWEWINTER S, 1992 ; DEVIR
5, 1993 ; HALACHMI, 2000 : #44f, 2000 ;
LENTERENS, 2002),

—%, BEEWAOI AT LTI, Ry MEERE
MEFOHENIREFEEMTHE A NIV EindiD,
HAR ORI 2R ET 5 ETHIRS R EW, 1T,
BITEIC TNz K S ICEENTOBEIEEZ B ESRE N
B, ENEK LD DNIEA b=V &V D EEREE
EBREZICEDER, ETOREME VS HEEEAS.
INAORNELT, BE)T Sy b7+ —LORKEL
TEHENEHZEMICL =V 2HR LU THHREEREL,
ZhizinoToRy MERREBE S L FRNED &
Erl. TOLETEEMVWHADIZTLELTIE, KH
RISINA T 54 > & OWifi & EIE 2R TH S X b —IVIN
TOHREREREFLEET, LEEREL T — Ay
TEEXZTDHIENRDOEND, TIT, ORy MR
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R4 BEFOAEMUBORAELDRY b2 RTADIEES

XYLEIEE BERNA JU—2 k=LA
Oy ERRIBE | BB - BRAERAAR—I
BIBRREOHS RE : FCEoTEERM B2 HFCESTBEDOZER
T ENAE BE:AYTOVIEal—y3ay FEB:VIL2LU-YEEOCEREL
MEECppB=>BERIL
BEURIRES=Y A—IVRFTHMEBBILLEHE. YZaPIESTILHIC. £EARY
BEOY _ 2P ESH TR F2ZE=JLETBLIADKES D
BEATIE FEEOER, LBEBECHOLS ORy MEERERDSFOBHNTHIC
BERT Y2 —)LOFTELTEE RETIED. FHOHRNFNICES
SNDBEHYD
FDOITENHIE ARIIEE DN AOESTr v D HIRB - BE - BRE
IUPRIUBBELEERNOL PO
FERETDBIECHIME
BUBUA TR A DX 2t o #e

ROREITE LT, FEINSRDENDEETNEHEIE

BUFOL> TH5,

1) HEESBRICBNT, WImRE N ES > T
RS ARE TR, SR BRI TRk N
DIEFRERFIETH O, FEREL THFITKD S,
HEOEHBBEENHIT D Z L, hy TEEEE
EEGTHRETH 5,

2) HRBIOCHBEIHICEHNTBO, B HLEEHY
B EOB)E BT H0A TR, IRRESRIC R
L7 IRENERINS, Lo T, LEADBHRE
RIS Fy TIEEEEEMTEITIRETH S,

3) BAAFIBNTY, FFEREBFNWERICT 1 —
Nhw THBERT S 2 LB B, HRELDERY M
HENDED Ry 7 A4 TTHNTEE OWE %
HETE5bD0, KA TIETREREDEE L
Aoz MR O EIES) L TBARET 5 HEEE 2 24
BLT B,

4) "SEOWI EE AT BE, BHEDO I ) OREIH
I3RS THASN TE2E@EALTHY,
DR w b 2T LHBICERICH v THER LUK
HME A RESLELREWI E2FEET 5.

— AR TROEER DR Y N Ea L —FIZBn
T, EIROMBEREEZERT 572012, LEESORIE
B LT ABABREIND, FORD, AOBERYA X
DR ZE 1 L—F1E, F1 ZHNS VI bigh 57
JEHICEN, LL, T4 — My TEBEELCBNT
M EORERHAME B X 5N5, LiEho

T, W 2T A RRORENE, (EREZEROHKDOFR,
HREIEME S HINEE DMERD DI, R AT LT
FExYoEalb—FEMN - BELT S EITHRE
B,

AFE T, TRy MEERR &R FLEE DR B D
EERED NS ORI EEE L, BELLY XD E2ET
TLNBEE/NEOMEEER T I Ea L —F 2HIE
Ulze 22T, MAXOBERNWEEEN—2 L LR
HMERALIRT, #AORy MR, WEHEAHE
BRI NTEL—IVEE LEBEL, IEREHEI Nz
HHAREERD R =B HN S 7 —IVIZEAL,
FA4—hAv IO ZEalL—T 3> BETT 5,
BEEVWARELOR Y b OBBRRIEHEHIF BRI LD
WAIIOWMABSORBICE D E, HRAICHALIERZ
FETELRTHLUEAVWHREIRE<ERS, OFY
MR, AR AERR HEIEHERE, NIy TED
BEERERE T — My THEEEEE N SR
N3, Zhbld, MEAREICBEINTA =)Lz
BEIL, ol —)Vilt ABISFARAER BRI X
o THERIKERFET 5.

43 ORy IR OBAL
4-3-1 HpprEiR HIBTREME

B4-21 2 IR B TE RS (PUF, SRALEENRE
it & Frd, P GPU=Global Positioning Unit) %
BT 2 REOMEE, K431k 0Ry MR 05
BERT, N1 T4 HAEZHELT, BHEEFIA M
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Milking robot Pipe line for milking

Feed & water trough Cooling tank

4_mim_4_;_i@£&~%_%m@_@ik_&i

Main rail

Branch rail

E4-1 MAXBEFNGESICERT SRIADKY FOWE

580

- 1 AL, BEMOF A M) Ea—& 251 F541
| @I POINDEy ST THEEL, 2B L OFARE
Rump ‘ T DRSNS, Eiz, FRAEEERIIERIC BN T
T v ;tf; seinddl SR S O B 11T & o T I RANR b N R AL
Rolers (o hangin%f 'oi}/ ' ERbNS, EROAEREEAED 4 52 RFT 5,
8 ot B S N AT, AR KT B L
- ‘ y e TeEE, AM—IVELNS EAZEMOL—)VIZiR-> Tl
. 1 AUTHRBAEO BRI 5 £ THATT 5. IR
i i LEEAICERT 5 E TRAICIEAERERS LI,
— e FeAi DM 2 AT, BB & O RALESE AR O

for travelling on rail

HERVE, F4-2ITRTDCE—YRENC L DEMET 5, 4
B4-2 HEMBEBRHEREBERETI LV -ILETARE 5

TOERICBNTIE, Th5 —EOBEL) T— k>
NO—35 %4 LTDCE—F # MBI LI, £/, I
5w 7 & O HBE RSB 2 BEOMRRICE 0D, R
DRI TR y b EAOLE,

AR EHINZ =)L BOTE IR Y T
I o TBREINS Z END, I3k EoET 2
TRELTEAKREBEIZES &, BIEOEED AL
FRICEST 2 ERETES, £oT, BAHSLOS
B e R AL, BESheEICBREINL
RAET, FWRICEIHES 85 C &1 &> CHEOB 10
HT BT EMTED, BEEEICL AN B5RIG0E
R1100D 2 AOMZEH < IB25mmDiE & &\, /R
K EoOw#EEE <#vz§ & o TR EBTEHEE 2

@ : Mobile truck @ :Rail BT HHEEEL, HEROEFEITEDR> THE 2 S

@ : Global positioning unit(GPU)/ramp pad + hip bone plate ELUTRRICA S R Bben -8, 7, AR

@ Ball-screw mechanism )

® : Milking robot system/robot manipulator + magazine arm ICHT200mmBEDFZT 2R TEDI R T FHl#ED
with teatcup holder -

® : Milking unit+robot controller HY %o ZOWMICEDFHRGRE - BRECE ST, #id

R4-3 FHELAHEALORY MEWMR OEBEALLS Y MAXYTENITS DT A S
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a2 FHMABERIBRETHE | GPUDEINIRIETT

R PHOF1IT-4H H oA
F+1+ AU —-HERK DCghRE—4 12V-7.2W
BEaiBE @ 12V-35W
BRWIBEIRERS E ) 12V-13W
B R IREIE B 12V-7.2W

N, BROYZE 2l —3a>0ORX—2A0N4E RICEE
AINBILEinB, Tishb, 0Ky b OEBEMBITO
TZOWHREINDEERIE, TRy hORN—2EEZER
(F£72VY >0 JEFER) EIEREER, T7ab b ek
KW THBHMEK, B Z2IFEFR—0BER LB DT

HIENTES, ZIT, M4-20K4-3ITRTKIIT,

ARy MERREET 2 EEREXYZEL, Xzt
RO ET 5.

HRAE BB O RENC Y 2> T, A h—JVNZE
FORES LEBITFDR b—IUEE, LB EA
X TOKFHER (RE), BARBIMMEZERIL
7o B 3ETOMEMRND, Liln& AT ERFT

LI DWBETELA S REEZRETHILENTES,

HOHEARAE L DS IE, A B AL E TOAE
PEEEA425~550mm, RN S HEAADEAEIZ500
~640mm, HERRAA b — L NICHEA T B 7230 O %2
& B O RAM1550mmB EHRT 2 RENH 5 & L
7z

432 F4—hFhy TEBSEERE

1) 54— Mhy FRISHIE

T — N T B R A R B R 1
MENTHEE SN TBY, X > THE R OFE
LRI — &5, HERH O B E A &k & 0
XYM AT ORI BRIR 2 TIE L, HEAvaikic
BHBHVEAE BN THBAL, WEOMBEEEEHR

MR HHREEA LTS (HIRATAS, 1998 ; M,

1999 ; SEH S, 1999 ; HACHIYAS, 2002). ZOD#
KHAONL B BE (R OMERFHEELS, 2RI T 1 — Ny T
EROLBEREORIRST, BEBIIBVYTHT 1 —h
J1w T ZEE T S,

T4 —bhy THEEEEE O, K4-4~H4-61C
RIKDICAERDT ¢ — by 2T 2 LR
CAF, *AY>T7—L0) & bRy bhvotEal—%

LIF, YZEalb—%) »oMlRENs, <HIO T
—A@ﬁ@ﬁ,?:k:b-&@ﬁ%&ﬁ—®ﬂﬁm
T, BB FHCEELT, 24z LT85
WL, o T, DT —LAERZEaL—F &
DZE L O BRI R —ETH B, £z, AV
T —=AhERZE 2 L —F OFEBIEXE L TIXALBRNS
FNFENS50mmE615mmIciiiET 5, IS BB
BOREIE, FIZE TR OBBBE DB L OfERE T

HRASBRDEEL 5 2 ZEMDOREE, YZEal—F DY

SO EBIUEOEEERERICRE L. FRgE<
HP 27— LREEEHOB I, %4 100W (&)1 &
#l SGMP-01B314B) &50W (MR F&EZS MSM-5A,
R 0 80) DACY—RE—% ZEA LK,
BEHTR— LR VBRBIE L, H YT — MEHIH
fB~PLE F 7 TORMBREICBWNT, 1y TN
HBRAT RN L CRICTET LR ER S LS, Fr
Y ATy RELTT 1 — Ny R &
TH DT — LFEEE & A A L, WO e A —
RIELETY OB e Lz, AP T —LD
BEEMICETIVIZVAZHNWTED, U rER
503mm (fEBEIBRE B~ v FIREFBEEIH), 18T
63mm, BEIINSkeTH D, FHEMIIEA PRIBAE
THTREBLTWAZ EERD, &oTC, BEORHRL
DT EMAERT 52012, REMN SR Y ZHHER
BT TR Y — A2 IMUNT R & & B HE & L7,
RHY T —AORMIEERT 1+ — My DR
W ERBL, BEEIY Y (SMCH : fiEH=
CDQ2BH32F-35D, #FEM=CDQ2BH32F-22D) &
XOPF) 27 LT, BIENS DR S %154mm
DA NO—7TER - THRI®ZZENTES (K45).
U Y OEBERIEA-F T R EREL, LE -
TREEIZAY— R hO—5 THRELE, U
EEREOMPERHRETICLD, FEBED D WIRET
BaERannkd, BN TICREEEERY A1)
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Hip Bone Attaching Plé

Ball-Screw Mechanism

Origin of Co-ordinate -

®4-4 T« —bhy 7EBEBEREOTEMCERR SR

105 249

Vertical positiqn for supply ¢z
a teatcup to robot hand

Magazine arm

-
L

. | Alr cylinder

:i'o Air cylinder
for rear holder

(R

Rear cup holder Front cﬁp holder

R4-5 AT —ADT 1 — by TIRFEE

|| for front holder

% Link length and stroke
444—4/4/3—» X {, :380mm S, :250mm
S, ;, :3l4mm S, :20.5mm
_| I l V4 @ 500 [P Iz :220mm ’

: 500mm

Capturing a teat
and attaching teatcup

Picking up teatcup
Sfrom magazine

46 ORy bx=—Eal—4%

TEOFEEMEIL 72 Ty TRV IO SEH B 7248t
PLEDREITBWTIE, LA O R R
EOx WiE - BEBILUHBMTIEA4140mm,
80mmPB L P105mmOMMEE Uiz, 2B, EEfloR

Robot Manipulator with a teatcup

Teatéuﬁ Magazjne

VRNV ATLADT 4 — Ay TORBEIIBWTIE
PROLION# T3 & 4 170mm. 80mm¥ L U140mm,
LELY®TIZ126mm, 70mmPBLAR75mmDBE &7
S5 TW5, ORY hOLZYRIT 27 FM, WIS
ATV AEOTy TERODBELRLTWED, £hy
TORBETNDE UL DITH Y TRV OEMIZIE
FryANFAOrEAN, RIVTARTH Y T2Vt
BLU1bmmAE <HEL .

T4 — My ERINTWSa— I T
a—7, SRNVYEREE> TIHY T — LTI
Mo TEEL, IHICELXBRNNNVT2NLT, IV
JO—CEKEY, BAIELH I EELE, T, &F
21— 7 OERBEPITEEAXE Y (FLan
%1 : ESCB-CN02CB, 0~-100kPa) #H 0, Hv
TRDENE 2 ADZH L T B B)E R 5 A O E e
L7 (6-3-220).

RHAD 7 —LBLOYE V=Y — 2T TDHH
BEIOBIEICHNWTIE, U3y XA v FERITTRA
BRBIZUOF—/)N—F Uk ER-> .

2) Oy bv=Eal—%
BETHRREEDIC, Y2Vl —F OLRREICHE
LT, MEOEREBESAEROM LmB L VIR
LOMBBEFENS, KEFEITERIEES OENZHE
MWTWsEEZ, T4 — My TORZEal—¥
a RERINSHAETHE, MERDIZ2, BBRD
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L, GERF=DONERBIC K DK ELEERE L,

CNIEBEIERZTOOOEBIEBEE L (S, #ilHE
BEdl) 2 NA - THINIFRETH B, 6T, WH
V‘/Y_—AODH’?)I/ﬁ#BiJ‘y7%%‘[%&'9“7‘:@@%1}4’!5%
EITTHHBEE (S)) E#iT.

X-YEFNICBT S 3 HHEHMBINETHD, BE
DEEISY — > DEET B0, T 2Tk 3 B & 4HA
I LTI TIR BB e iR T SRR @A L
7zo bbb, LRIV VY HIRIRIRIELEMTH
BN MZERICEA U TRAEAEET 25BN
T, LR OZBBHERIIBEAO T E RS 5 H R
FHETHZEHBL TS,

M4-61RT LD, ELAEYZEa L —F13%H
HiR 5 HHEMETHY, TORY >/ EIZ873mmT
BB, PTRFOT_E L —FI3E 1 > 7EICE2 Y
SU%, B2UIDELRIIEIU I EERNAI LI
Lo T, WHEOLIEZI10mm, EX442mm& >
INU NIREREFE LT,

X-YSEmPICIRE TS, EBEL ZBENTE, Bk
VFEEHEABOBEEOEHEZE TN, &V IE
FABOBL D BEFEDOTEER>THD, 288
WEX AP 27— L ERBICKSkeTH 5. KBIHITN—
B W BRI TEBEEMACT—RE—% THEIEN
5bDE Lk, HE—F ORIETE B & NEIEH O
—& BRI, FEBEESICINEELREICEE L T
FhHOREMER >,

ORw b OEAKEL, £&UTEOESHZMEE
(5-5%8) WHEEL TW I L, NEEEEEE
LTuRy hOEEEICEEL TnD, ab, HIE

KUz TE—FNT—2EEE L TR Y Oz
FTolns, ST RITRET OB OH ST B F1 R %
KHR0ES (B, 1986), Z ZTiX, HBEAEIORRE)
BELTRAWEE—Y2RAJITRTEEREDODH ET
HE LT Ol 2 RGE L .

I7 70w\ (Me=05kg) &1ADT1—bAy T
k. (M~=08kg) EMHE LAY ZEal—yDLHEE

3
(=¥Mﬁm#mﬁmHMﬁwm,Wm¢ﬁ&

BT —LDY) 7 EL (R4-68H) SEEMD S
AOZEER D OBHT—A > M (i=1,2,3) EZFhEh

In= g Mg [t Mg g i Mgy (a)
In= 1 Mttt it Mg . (4.2)
In= S([; L] “x’dx (43)

I
TR® 5N, I121=3.346, [»=0.969, [s=0.088X
10%kegm* &%,

KIZ, Ty THER O R T — L OFEB XK & PR
ICDOWTHE—BIEINZ180° &£2.5s, % 2 BAHIZO0°
E1.5s, B 3BEEENT180° &£2.0s& L, IMEKX
0. & DR 0% T2 45° ao&a RET B,

INED, BIEIEIO 4 HE (= h - 180) & AN
(= ENENL5TIrad/s & 3.142rad/s*TH D,
IS TR TH S, LoTC, SEMOLENENLY
(=L 0 ETa=10512, 1=3.043, 7s=0.275Nm&
2%, ki, BADTr—TNRINIFa—TEBIES
N EF(=9.8X2)[Nm]EKET S L, KD MY 1o
(=F- $DH, 10=179, 7= 1055 & Utr=4INm & 3R

+]4-3 Y Ea -y ZEEORITHRE R

Rated Torque

Mass* Moment

Joint Power Speed Encoder
: P, W] 1T, [Nm] S, [rpm] M, kgl 1, [X10%] R, [Plrev.]
Joint 1 50 0.16 3,000 0.31 0.032 2,500
Joint 2 50 0.16 3,000 0.31 0.032 2,500
Joint 3 30 0.095 3,000 0.24 0.018 2,500
Joint  Reduction rate Efficiency Mass** : Mass*** Mass™****
R[] /A My, [kal :Mm[kg] i : M ikg]
Joint 1 80 0.85 0.5 0.3 : 0.6
Joint 2 50 0.85 0.5 0.3 ‘ 0.6
Joint 3 50 0.85 0.4 0.3 0.3

*: Motor, **: Reduction gear, ***: Bracket, ****: Arm
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RICET BNE VY te(=Tut fCi)bifRi:28.4, Tre=13.5,
w=52Nm%E&%, I 51T, HE—F DHELLZR(=1,2,3)
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*J1,J2,J3 : Rotational joint of robot manipulator
J4 : Prismatic joint of robot manipulator
MJ : Rotational joint of magazine arm
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B, LYRIT7 7% OFENTOMED AR5 TLRE
LTI ENS, m=3LLTERMLT . 4, b
BLULE, ThehEL, 2BXUI3T7—20Y 7
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DRIICERET HRBNEL S, I T, AHFETIED
— W Y OMBEBRICEDVWTI Y1 L —4 2
WY T > 7B TCPHIET %, Yl o mEiE
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&P L&, 20L&
I _ _K
B =/sind: | = ShEs (5.33)
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50 - R (AR A

i & % 33 5 (2005)
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(Px+1sY+Py*= L4 + 21 ° LA 1T — B (5.35)
EirB, £oT, JEREPx, PEHIN—5 0), F&E
S 2P T — B OME ETH D Z ENBH SN TH S,
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3, XA NS W T AR R S OFEREE $350mm
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B E OAEICX U THEROZRBEZ MR LN S D,
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—&1390° &ﬁb,?%@ﬂ%ﬁﬁ#mﬁt&é%ﬁ
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VB ATHRAE RV 0.6 R & KWL A8, SEFE O FLEERC B O 8
OB AEMILLER S, 1995) 59U, #AND
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BHOHMEZERL Thiz 2 BT > 7 E B L
ey, WETENRYE TS B3N QT A58 &
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REDIT, BET —LBBDIy TEEEEETLED
ANEIOFEBEOZLE LN OB TWS EEbh 2, &
NHEOT ENS, BELULAT T LMIERIT K 5B
FADBE B LS EIR A B U i s 2 iR L DD,
FA—Rhy TEEENDS Y27 ITH U THEBEOEBE,
U 27 BB L UBERE DR E S EEMAYREREHERD
HMIETH D, AR &MWL .

56 5 =
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Zh%iﬁf&%%~7ﬁ@ﬁ%@ﬁ&&ﬁ?ﬁUVﬁ
R ERET DI ENTE

¥, XYEAEWNIKBIT ST 2 L —F i oE
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ERT,

1) YxoEa b —F&Micdd o Ut 2 lIE Lk
R, 1, 2BXU3HEEMOESERREENE
N35Hz , 45HzB L UP45HZz TH o7z, 71 2L —
r&E5& LT, fBEHIE—7RORERREEEN
Fh0.7Hz , 0.9HzB X Q09HzEREL . I E
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TOAFLBICHT 2HRIE & RA LR, BRE
Ta < SERERTREREREM T H B & HIWF L 7z,

2) XZEaL—FOUEBECKE LT, #ikEoT
W B EERET S0, 9 3 B Ak & T
BREBERBRT HMESLEZR T . THIZKo T,
W% P S B 7o ORGEB) R AT I 12 2
EHEREERBETHY, MATICRDES,

3) YIEa LY, EEEERICBW T LR
RUEHER L dt5 b, SOk, HiCEAIESILE
BL B THID 5 T 0.8 L O WHRERE TEE A TH 5
ZEEWSMIIUE, ThED, HHREEOREAML
Wb bORy S OREME, HbEHRDL O
Y EMEEHEETH S &ML,

BOE TA—bhyTEETINITUXAEY
AFAELTOBISE
6-1 #& B
BIMELCBT B2l —2 3 VOMRIE, )5
IMKEBLRTL, HBOEDPTWFUr— MHHETH
5. LENSAIT 2 EIAMNCED HTIE, AEERICE
LA E G AT T 1+ — My 7 CLF, by )
BEFTOLEND D, BEFICHEL TR, EohiohD
T3y TN HEER IS 22 R 2 WVA E VRN Z EDEE T
HB. £, BRI O R I2 B2 D72 <
U COmRIC & BB I L AT U2 5 700, AR
DTD Ny TEBCBNTL, by TAhSHEBET
DXYZHh4 75 10T QAR P 2 AR E R E DN TR
EWEETBHTHY JOMBRDZT S, X5i, B
MIZHy TETFHSIHLETEOTIERL, HARITHY
THHLELEBMEBICAER IS, ZOEERHOF
TINT 70— KETESE, Iy THICZEZNRAL
BN DTS A F— DRI E T D TR S LiZmi T
1y TERABFCRNENE S, CHE TR bNEE
BEFECBNWT, By 7 ERHBENEM UM
B EFIRB A 5 AT S B A MM T 2 EEFEICETY
LMANBESIN TS (STREETH, 1993). BAR
LARRORy PSR FATR, O— b8 TS
WD INFEXYEEOAE P LEF I, MN2iRE 2
LRIV ARCHABRNGEREZREHT 2y T#
EERH D,

AETHE, HRELEEEFIREINEZDIATLS
RDBFEMIT DN TR ST D, AEOMH
RAELTFIZRT. 6-2T, BRY MIHT 548 EED
AEMBEROT « —F > T HikeBR~%, 6-3TI3,
METRREXYEHNTOORY hYZE2L—5 D
MEROEBEICMAML T, XOMETHBRESZBWN
IR L 22 B COEBHIHANC DWW TR 5. 6-
ATHE, WAL OHIBGRE 2SO ERILRBRER2E
UT, INETIHBELZDORY PT AT LASEKOEE
P EHENOREREIT DN TR B,

6-2 FLEMBOT 1 —F v I
TEROEXMOR Y MIHT 2574 —F> 71, OR
v b OFEEHEEEEFIAE Y, BHREOAZHHL TWE,

BIE, URBEMICH2BHREALORY b X7 AL TH,

VaMAT4 v IV ERAWTHEHEY 2L —¥ 28
L, WHRETOHERSEDAMBEMNBE T+ —F 7L,
T N—ZEHBET S (ALLENS, 1992 ; DUCK,
1992 ; HOGEWERF 5, 1992 ; HEWIT 5, 1993),
EHIT, ZONIT—F R—2IZHEDINTHIZES) 2 E
WL, —BEHBEEICKRINT 2 RIS L TIsEL
Tw<, F£/2, WEF—F IITRiERES TR L= frE
AR END, TRy MRERTIZREAR 2 S OAE
MBEOTF—FPREEINTED, EfRELoRy b
AT LEEDREEEBR L TEEZRBBT 5. 2501
FFERNE AT LM 2 28Ik T, 04k
BHAVERICER T2 ABEMBEOLBICHL, #iRs 25
LOEELER S TWD,
AARICBNTHELEBADR Y R XFAIZBN
TIE, PRALEBIEHET X o TR 2 455 L THM R
R E DI BRIREER L2 BT, FHEHROSH
HAEZORY NEEI AT ARIETDOF 1 —F 27
THIEELRE, ZITRYVE—bF1—FHITLD,
BRAPAVEaA—FERNTHF—FR— ROKHF—ZT
ZEalb—SOEESmERINS iz, < &—>F—1EX
WO L +&~HMIZ90mm/s, 1 & | F—TIXYHHo
Hx+E—FRIZEFEDIOMmM/sDHEE CTCIOGCHENT
%,

UTOFEICEDE, YEIIERIEFEBEHE L TH
HMNBEDT—F 2 TEITSHDE U
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O&BENEAHLEATHD I %D E 21— Y
I THERT 2.

@<V al—% ZHINEASEHT 5,

@n—H)t B FHE D 5 ISP R M T DL E
FTHEWE LRSE5,

@XYEMIZBNWT, O—h) o THLHEEEAETE
LETIVRETIVAEFHEL, MNEBEEZWMHAET S,
— Bt U ER TAEEEETE, YT — R
Ny 7 ic k5 AHEREMERRITT 5 BE5EBR).
Zo&E, HEEE YL EDRE eI D
ZMEE20sBIRE L5, BEZEENY B
8 =(01,0:058) % U FHBEMBEE L T —T T 2.

lex|<<10N |ey| <10 (6.1)
OMATE I L TH R, O~@EFEDIRT,
®4HBEOF 1 —F O TEEMET LESL, Y2t

L —% ErEIGRRESET, ERERZT D,

ORy hADT 1 —F IR, RBROEES—T
DA EFEEDST TWARNED, T —F U TBRELR
T UME L OELED SNERITZE LW, T4 —Frran
FfrBEEAEE, Ry MK DILBERREED B
BELTOHRELT, YAV T—LOMBERDEER:
DBRF—F ELTHWEND, Thbb, BERON
v IRl —a rORELEEAED Y THE)
B DRI RV T NOWME R BICT B0, AT
T —ALDHy TR M HEALA OB TICHEEITE
BINTWLIENEELW, FIT, BERIEDT 1
—F U RBICEONTI A T —LOERAEO
Aradlz$i# Lz, ~HY > 7 — A1 1 B HEOERES
HILMELTOWARNWZENS, ZZTIHHAFLEE BEE
EULT, T4 —F T INEXEEICYEN v T OXEE
EE2EHIwIIDITRATHERE L LE (K6-1),

Xk X[ 3 _X[S]]

Ou=arccos ( ] (6.2)
A

T, XX AHY 2T — LRERLOXEREmm],
X3NEEBICED A Y T — L©ERLETOHR
FLEEA Ay RIS OXEEmm], X[3IZFRFAED T
4 —F 2 XEZEmm], MITHY T =D T
Emm]Td 5,

AT —AERBIE, oRy b RIT LY

Y A

o for

vont teat ';“ A

E6-1 FLBEUBTF—IN—RICEIKIHAS YT —A

REABIEDRE

IR THEBESND Y%A v T BRIV ALE G yn])
~NFEEIN, hy TRRHL - 15T 5,

x[n]=Xu— I cosOn+Xc[n]

(6.3)

Yn)= Yu— L sinfu+ Yeln]

TIZT, YA AV VT — LR EFLOYEEmm],
X nl& Y [nli, FEICEDEIAD DT —LBERRE
BT BEH Y TRIVY OXEEImm] &Y EEREImm] T
D, 2B, nZULERE (0,1,23) THO, HIIE
% - Atk - KR - ARIALEHZERT 5.

IO B JEAE T — & N — A1, BIEIHEL 5 DR
PRI, B L OEERDRBITE > THIER B 2R
PNRBELTD I ERREL TEHTD2HENRD S
(LINDE®5, 1992 ; MILLER®, 1995; A&A5,
2000). SEOI AT LTHER LT —F 2T 5—4
N—212E, RO &S R FLEEE O E AL 2 E K
U7 HHRE 2 AL TRy, UL, F0BE%
BTENC K S R VWEBERVWHOR S X T AITB W T,
R Z ST HEAL T 2R R R SRR ETE
FEE2ETZ, APATLE, SBIOREENTITE
Hfik Z & OB U THRNORLBENEDZE(LE Tl
THHBEMET—FWEZETY, Zhicko<nRy
EERIEAZE LW,

63 Fa4—hrhyTEETINITUXA
J1w THEEEITBT ZAEOMBERDIE, 1) 4K
N7 BB X D RO AR SRR & OFERHAL
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BOHUR, 2) F—F R—RITL D YFEAROAENE
FEREDHERE, 3) O—H)bt ik B ABENE DR,
DBEERED,

FLEEALE O EAENIALE N O BSR4 R T O
BEVREEIC X BN E <, —F, LHEMEORAS)
I OB AR, IR S Lo THG b 5
FTFHARRERBENE N, £ITC, O—H)bt>T%H
WTLAT O RTIRLEIR R 2 E1T 9 5,

6-3-1 ZFLERIRZRFIE
F a4 —F T INEUEFOAEMNET— 5 ITED<

FEEHAIE A2 20", FLEERRERE: O FLEAM: H A R AL B 2

"m6"& LT, Zih ETOABERR L EEBRIILTOF

JETEEZEED S (N6-2).

O HEMEDO =TI U UNEAL RnE D, FEE
Z"zu"mM 5 “SRCBZ" #ETTHIES (BREBHLKA
firf® : zu—SRCB2Z),

@ HAEHZzZ2RKEFHE'SRCHZ" > R S THHE
M ERS S BREH THLE © zu—SRCBZ+SRCHZ).

® QOE®ETHAHEEZMHLLZKRKT, LFEZFLELT
BRERTT S, TOEEOFEMIIEZ " ME"E L
TEZEL, XYRENTORE Y 74— RKNw itk
% HEGBIEEMEICBITT 5.

@ FLEMH SR, FERRBEBME zu-
SRCBZ"E T FKT 5,

local sensor

SRCHZ

5 **

® UUFOEFTIY Rz ¥HLMEDYEEE

A4 KR (A5 F& :SRCHY) X€THhs, ki
O~@ZHRVET. '
Y-stepl FRILFETO - 2084 +SRCHY, [
Tl - 304+ —SRCHY
—Y-step2 SHRAIETO - 20HH + —SRCHY,
FT1 - 3DFE + +SRCHY
>Y-step3  Y-step2% EitfT
SY-stepd  FRIFTO - 2044 : +SRCHY,
FTL - 30%A : —SRCHY )

® LERO~@THRABESHHTERITNE, ITFD
JEfF Ty R 7z 7 AHROEBEDOXEREE X 51 K
(A4 RE : SRCHX) S®#THb5, BELEO~

®FFEDIRT,

X-stepl +SRCHX

—X-step2  —SRCHX
—X-step3 HEX-step2 2T
—X-stepd ~ —SRCHX

X-stepd ¥ TORTIBR 2R TATE R L s WBE
WHEERER R E Uiz, 7aB, OOBETO—Ht
Y OELEDT L — ASMINCED M R FROLEET
(Keyence®iPSs2, [M6-28H) 1ok Dk (L) O
TIEEHR LBET, UTOYEESTH % E%Lx,
L AEMERTED — +SRCHY
V- LEMYERTESH — —SRCHY

: attaching motion with lissajous wave

SRCBZ

A

ABSBZ =i
v

LR

: milking vacuum pulls the cup fully on

: localizing the teat position

* . historical information in the database

** : the current teat co-ordinate detected by a local sensor

62 FBERRETA—bHyTEBT7NITVXA
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F#ER T3, EFSRCBZ, SRCHZ, SRCHXB X
SRCHY Z%hZ#50mm, 100mm, 25mm¥B I
26mmEBRELE, £, ORy FOBEEEEZX, Y
#ARE HITT 4 —F > TEED60%HE D 150mm/sicZs
Bl, ZOREEER, INETIEHEINLELD
Ry F 2574 BHIZESTREETS, 1992) & F%LL
ETHhHB, Iap, X, Y, BLUZEESE-DOF
FICHBWTIE, XA m TIBESAZ +, Yiism Tk
ORw bRE@Z 4, BELOZEAM TR L2+ 0k
mERRE Lz,

6-3-2 Fa4—bhyTEEFIE

VOB DB I R 73 S 2 K| 2 B0 B R L B DB
X0, FEOOMBEMSICBVWTIE, O E TIIAME
SRS THEABROY O A E— A ML, g
SEENHY, BRELUTHY TAOMIBLAEEA %
Wi BB &2 b, —HT, BEAEED S ISR
KD ABHRMGEDVER & BT 2 NEND B, WY
v TEEEEEIIT 2103, XYENTO—EOHE
ROFEEZMERL DD, ZEAMICBWTIZHEETY
AE-AWEARRICEMI TSI, —FoEREz
TERT DB H D, TRy M, EED SNk
BEOHEZE ¢ 20mmOFLICHEA I 220121, ILHE

DOHEINZE I ST IHANOYBENETNELE A D0,

By A EZEE 7 & 0 XY R O B v 33
EHELTESETS, AVAFATIE, ZNSHE O
B2 SR AT S 7o 012 LU F O SEBY SR % Mg L 7.

© Ry ML, FREMEICBN TR OIALERHS
BEAAIE “mb” 5 “ABSBZ” FTHRIE-BICZO
firfE (EZeE P AAIE © m5—ABSBZ) »oEk L
BB (HZEAKTAIE @ mb—ABSBZ+ABSHZ)
FTERTS, b, ZOBBETERNIVTEZNLT
Wk y SYHY omezn® IFEEEE) 03I
T4 UWNICEZE GERIME @ 48kPa) AT 5,

@ DRy ML, T2 RIT s FhifiEIz DWW TH

HENZHENBEE 0 =(010:0:)2 R m & LT, Nr& )

nEZNENHEREEHERETHE, 8 OFHY
P 2 W E L rad T ORA 25 Lz HRRS)
Zn s NeEHEDRUIaMS LRI 5 (K6-3) .

K& 7 — & (X, YmmlERHKIc L D EREhn 5,

Xo=M.sin(2m-fi 1)

Yo=M;Sin(27c-f+1) ©

ZIZT, ¢ RlS), £ XEEWEEHz], M. XEhiE
(mm], £ Y8 EEHz), M Y8IEmm]Th 5,
2B, EBRTA=2.0Hz, f=10HzBXUM=M=
3.0mm&EBFE Lz, :

JERERER S SR MBGE, KRNI DIETHRS
(YIS [rad]El L /e fif &5 .

* B cos("%v r) —sin(”%,) X
» B sin("nNr) cos(”%). v, ©5)

@ TFTROVWTNMDIREZR#MLRKET, "hy 7
SHERRI ST L TRy M REEEEEIET S,
@-1:0—A)t> Y TAE (Dr=35mm&iRE)
ET A= Ny T o)V OBEREHT 5.

>z )WVE>Dry ‘ (6.6)
®-2 KX TEHT Dy THEAEREHFEICL S,
EENGHEDOME=K - (Vs— Vo)+Vo (6.7)

ZZT, K:ER Vs BEEAREHNKPa], Vo
B2 ARE N kPalTH %,
IOy THAEBMBEHEIE, 10msZ & D30
DBEEHEEz AW, 2B, VLETRENZENTD
FHw TDEZET A ATHELE LB N T BREROJE
NETH %,
@ T RIT7xzrHE “BEMEHRET—5 KD
(Y BB E 5,

Y [mm]

R6-3 FLEALETFLE LT «— bhy TOIREBH
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® IVRIT7xZyTHy 7oL EEE,
(6.8)FK DA E R TIRB S /2285 (B ICK T Y
%. k7, Wy mmlA6.9)ROEEEM L&
I TER AT T 5,

y=M, sin(@7 £+ ) (6.8)
%%TM,MVSMMnf‘ZMht BEL 2.
ly<0.2 (6.9)

® (rEmMS\ORER R TEEENG.DXOEHEI
L/f\. ST HI%EEIJJ"&¥UH§E[/’ %LTOW&H?’L@@TE
ONBi0ERT,

FIE@TIX, TO—R)Lt U THRHL ENRWELEER
DERPBU/NERTE LT, Sy T ZALIERIC
BALDPTWVWED T R Y = 7% OESHIFEA 2T
BB U7z, EMEBRICBWTIE, o EsL ik
HETHhH Y TAREICE oD I TS, "H"
ME"FHA'NEMEERENEBRTL0EERL TS,
UL, HlEB]oREICIIERNRESNL <, kit
WKRFTWBZENS, HBEE—DOBKEL TRAT
BRI ATIEOHF F % FHET 20BN D 5.
IR UIZHIEAEE, MFRBWTHENKS SN
EEERERLUZES, Dy TRy N FRETS
@f,D~ﬁwt/ﬁmﬁvﬁ@7@xe~xME@é
WEY s VHEZBRBET B & LD, BETIIHEORF
ARG C=EREOBEREZNETH I &ITED, B

v TEEDRENRHETED, 2L, ZRHAILD
H1y TNEIEOREIC L DHEICET SRFEIT RIS,
OOEEHRIBICBWTS, by TNEZEEOESIRE
EREAICEHIIL T, EEMICHEEEZ B2, T
ERICBWTIZ LITABSBZEABSHZZ FhEN
10.0mm& 60.0mm & E L 7=,

6-4 IEFAFITHT B AT ADEIGHE

ORw hIATFLIZDWT, EEENTORENSE)
fEME, B ROEILAZEEEMH U TR A E R
RTHEEERHIELUZBOKIS 2R L LT, Tl
BRI EEREL .

HERICHRL T, BMOKERSERARY AEEEH
BT (D<) OFEBREENICOR Yy MR E
U ERAZ M=) & RE Lz, R o,
HEBNCR AR RS > F a & THZE, Y ORI
O—%URINF L IN—FTITDON TN D,

RBRICED L TORBFIBICBWTIE, HERREZE

HITED DEIEREENZDOMELENEENA h—
WAEIZZA R LR RN RNE S FE LT,

I OREIIC Yo T, BKEEICER TS &
HIZ, BIEORHEBRICEDONWT, K6-1I/RT2H
DORWVAY A B ZEBRICHEL . mEFE D
IC2~3ELEEBTHY, T-hHihsBilicBiTd
BWHAT—VTHol. Lo T, AEBKTL, FH

®6-1 HEFDORBELMFR

Reference™

Cow ID 948 951
Parity 3 2
Parturition 97.7.2 '97.3.21 -
Daily milk vield [kg] 254 22.1 =
Body length [cm] 250 252 245
Hip height [cm] 145 139 146
Hip bone width [cm] 62 58 58
Distance between rump and hip bonefcm] 55 55 49.5
Distance between rump and fore teat [cm] 33 37 40
Distance between fore and hind legs[cm] 91 103 113
Inside width between hind legs [cm] 34 27 19
Abdomen height [cm] 57 64 57
Teat tip height [cm] 54 53 48.5
Distance between teats* [mm] 1) DF 120 145 138
2) DR 50 85 87
3) bLs 119 156 104
4) DRS 117 150 104

Date : ’98.12.6, 13:00~15:00

* DF = front, DR = rear, DLS = left side, DRS = right side, ** Chaptef 3
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RABEREDSE < 7R BT H - 7228, WPFn O ILEERFE
BEHFIES AT LATOR y THERISHEN TS 5 &H)
Bl 7z,

641 Oy MRS B4 DI
ﬁﬁ#®ﬁ¢x%—»£$ﬁmﬁvF%m%m@mﬁ

W, FA—EEZFicL> TEHMS A HFIIMTITL H 3HE,

6 HEIAT TR DIEEZ BB £ L 7.

O HEMOERENTTHRFEZHFEL, BEZ b—
WS INGEASET, A h—)VINTHE & EEHE
EfiG L, BRItk ‘

@ 4 E 2 b=V B W TR R BB T
WAL ZREBELT, N7y IV HERNWTA
FTHRAMEZT> 2 (M6-4),

® ARAIEBRH - BB X S RERET, DRy
NEPEIHREL TOR Y MTEML ZEAMEE AN T
AFThy TREFL, HALET O,

@ FEHELEZRETIYAY O 7—LBL U ZED
L—% QR - BREEERELT, 7/Fa1T—%
LOREZITHNT 2HEE K> /-,

® RALEM - SBIEHE T & R R R T A FLEEAL
B OEREEZEIT D /2,
PLEOBBITHNT, MRS & BITHIFWHTIE A
F=I\DEAZEETS5HENH 0, FICPHNS3

H BT TEROHHT R ARENBR I N, 4

H BB PRI A R —JWCHEAT B & & BITA h—)L

NH % WNEZ ORI TOPIES no 7z, ZOPRT

A, INETOEIADRY bafAniz4oBiBGisz

Fo-BEOHRE (STEFANOWSKAS, 1992;

MARCHAL G, 1994 ; ®#E5S, 1996) KbH KD

2, BB BN TENHERRA =)V &3R5

WIFBENSZT B AN ANEREL TW5 Z LR
TN, BIEZ b= ANOEARBITHE > TREITH
MR T 2 HEIBEMSNZbDEEX SNz, £ie
BIBCHIEICIE 1 AN 72 0 QWAL EDRAMBET b AN
Fels, RACENETOWABICEHET S E &b,
R DBEHHA DT E OB S K5 NIR < 7o o Jo Bl
T, Oy MELABRERBL 2. ALEMEZOREER
FIRDHIEIC LD 1 BHY 7= 0 60~70sDIRI TR T T %
ZEMTER,

HHEDT 1+ —F B ERNT D7 7 A N BRFIZ
£6-21c79 . FEHDTeat No. (0-1-2-3) 1%, #
WOKDICER - £ - Edi - GRIFLETDH D, FRIC
Ty TEEIE R ERT 5,

6-4-2 ORvy MR

2 2 M=)V NAFEL, VeI EBEICLD S
BB R RIcE Yy L, BRI+ 2 N
Ea—40% vy I OBBEFRET>Z. AFITLOHA
SEEREAED 2708, RREEBL . AkT
HIUL, BIATLTREINAS T4 o ~OBERERIRE
LTWaD, ARBRTIIERE BNy BRIV (2 38
HR) ICERL, REBEES4A8kPalBREL .

1) 4efk & FLEEOD RIE S5 0 Ik 1%

6-5i2, HEFEOT 4 —F TR Eh y TEER/RD
FLEEMLEICDWT, AEiie i & T 2 EREER TR
To BT, AHMRALEBIEEIBIC X o TH DRI 2 it
LTEY R 775 EOn—h) e 9 TR A - HEE
OfEZ 70y b LU, PR TMET—2 O 2 F
ET50—-R)bEombEEERLE. IhBMET
—HER AL —FOH 1, 2PBK03 o &E

R6-4 ORy MEEROEANDINE (R b= DEAED Y TDANFER)
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Cow No. Teat No. Date Time XMT YMT ZMT
948 0 1997/12/01  9:17:55 473.01 177.14 -39.47
948 1 1997/12/01  9:18:15 475.18 262.01 -35.47
948 2 1997/12/01  9:18:35 381.94 145.31 -21.72
948 3 1997/12/01  9:19:01 379.25 287.52 -21.97
951 0 1997/12/01  9:35:35 414.76 117.84 -37.97
951 1 1997/12/01 9:35:55 425,72 211.86 -32.47
951 2 1997/12/01  9:36:27 276.76 71.47 -34.97
951 3 1997/12/01  9:37:09 292.31 255.90 -39.47
150 Cow D : 948 150 Cow ID : 951
[ O Historical information in database [ O Historical information in database
[ @ Teat position at attachment [ © Teat position at attachment
_. 1001 N 1\ = 1001
E | g o = : S Q%@
® r e L
% 50 + @O £ 50 T %%%
2 % Q
3 0 e 8 0 L S B A e o o o e e e L e
£ £
g | &
8 50+ ﬁg) 8 50 T aﬁéb
: | Kl : |
@ F ®
[m] F o a8 L
-100 + -100 + 8 @9
i ° . )
-150 + ' : : “150 A
150 200 250 300 350 400 450 150 200 250 300 350 400 450
Distance from rump [mm] Distance from rump [mm]
F6-5 F—FN—RERE, hvy TEREBILBMBES LUt TigHtEE
RANSEHL 7z, BEHT 5, Tabb, SAEAEBIEHEEIC X 2 LB

AFEOMEBRZES, WAFOEEFIEICLDHAED
iR PR ORI K 2 AL FE TR RO R TR A ITHE

Fd 5 (ALLENS, 1992 ; /\&5, 2000), &5IT,

HARLE BT K D AR D PR EBIC b R & < &
EZT5b0EEONS, MICHLN2LDIIE, T4 —
FUTF—5 EOMNBETNIRE S AUREEITTRE
MOHUFFRRELZETHEEZ 6NN, EROALHE
AL BB ORI T ITEE I N TN S DA
%,

RN BB E RS T K B AR HiHE OO A T RLERRLE D
TEEVIREE TId b 543, WEADEEL & AR AY 72 AL & B (R
I HABITH LT, #2420 OMIRAEEBRE L
TRHETE S, O—h)bt o3, FARALE B
L BMBEHEEEZOThH Y TE2ABECHEI S 2R

PLE DR, & O —7) & >z K 2 FLEE D FRTHIAL A
&, INSWHOWEEIC L > T—EDMNBEFRIEEES
ZEMTE, FIBEOHMEERT S I EATE I &l
U7z,
LAETRLUAELDI, U #EEIZ80X66mmT
HBHIENS, —EOUERRET TIHLEZRET ST
VXM TI40mm, Y AR TIE33mmE TOMERE
BHRT S, BV OHERLDKREWEHEET S HHE
HRIFICEB L TLUE 5%, LERRIEICSEZRE
TZEPMESNS, DRy MY, BELET—FX—
ADMEEZ EOABEMBET —FIHEDNT, By THL
EHESTHIABEMBEE THET S, T1—F 2T &
HHORMENTNDIZE, ELMILAT— P ORKRBIC
Mo THERERKRELZD, TRy bOEEHITEE
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PEINT RN E A SN S E2ESH), 5L 2) Ta—bhyTORZEalb—-ar
Jel&inn, SR, B BRI o TR DKM K6-6137 v THBFEEDORKEEERZ, M6-7I215H
PWHAT—VIBI DB RIET 2 HENH S D, BELLIZY bO—EHOBEEERT, FHIMENSHE
AR U7z K D0T, R I fE 5 FLBRALE O A B Rt & THNORAD T —LDREM, YZEal—5EH -
Oy M OAERR Y N TV XALICEATEIED A B ETO—EOHEITIZI2~127sZ2H L/,
BEEZBREL T, ZD56, REAMBORY MEFEE (Y2l —%

Attachment sequence

left rear teat . right rear teat | left front teat right front teat

"Oscillation for attachment"

"Adjustment of position"

"Pick up a teat cup"

"Osciliation for release"

"Release cup by gripper"

"Back end effector up"

"Udder approach or return | | |

fothe initial position” 10 20 30 40 50 60 70 80 90
Time[s]

E6-6 ORy MILdTFas—bhyTEES -V

1)Initial positioning of robot 2)Extending the magazine arm 3)Move the robot manipulator
manipulator & magazine arm

4)Attaching a teat cup to the 5)Attaching a teat cup to the 6)Robot manipulator returns to
left rear teat right front teat the initial position & milking
. right rear, left front,

it

7)Cow positioning with GPU 8)Removal of all teat cups 9)Magazine arm returns to the
during milking initial position

Re6-7 [Ny MEEE - HEFLODIBIZ
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OREB~EM) 1J60siBETHD, HHE1IARYED 1~
2 HORITEITI6.3+35sTHEERETL, YUHEE
BERT DI ENTER, EER, RIS HE D)
EW X THRERMBETNAEC THEAERR - &
ERTTAHEAA LNz, ZOEEFEREIE, h

FTOEDMOEADRY hI 254 (ARTMANN,

1992 ; STREET5, 1992 ; ROSSING, 1997) &M
BRUTRSL ETHD, 2B IO A TBNWTHAET
EBHMEEE WA D (STREETS, 1992).
RZEaL—FOE7 —LEBREETIE, MEANDOE
EERTHIEL, TP OERININEDH Y TO
WMOHUSINIFa—TOKABEL, FHIETHEDH
TREEEIEEAER LIz, BHIT, TR o7 YA
B XL TR TR SR L e Z S ko T, B8
BB R RRICEAT DI ENTER, £z, %5
L7zt T34 RONLBEICH L TIRENS Z E\<EES
WO e end, HAPICHESETZIR5 X

IRBRDBBWEINIBMNo Tz, TIN5 DBEERHENS

Oy O LORFTBLPLY R 72750
HLIE A R O Z MU SRR I Nz,

SR EEREEEY, FERORERBEICHLTHH
BIERL, HREnRy MR OXYEE L O
MEBREZERIMERLZZENSE, HHLRP TEEES
DIy THRET B EQBRRITAMN >, 8B, hv
THAENGHE L 2EE, —BREROZEZKNIINY
S4B AL, HRELU THELRBOEEENKE
SEMTHEMERT S, TOLEANSD, FHEED
BRI TES EEZ 5,

BHK T, DENOINTF a—THOAHTEHAR
BERETEHRLT, Hy TEROY A I 2 TEREL
7o HIAGE#EAOF—ANERIZLD, 5120
BAZZEECERTSEEHIT, by TRICTHREIRIC
0.5MPa®F#fEZE5 % 3.0sMEA L 7z,

TRTOH Y FE, F—ATHERENI~EsTIRIE—
FICHEB L CE T CHETIE Ny TRNVIITHEFLT
Xz & EBiT, YD 27— LB PIHIAE I R
UCHEAER L, BT, —@YoORy SELEME
DT UTze TaB, EMZEEGEAI KD Hy THERRE
BHREABEEIEL &L, FIMLULTA NV ZE
BIETHMENETIZ A&l L. L, Zokik

TRABEOKRIRETER U THERICHERY T E /2 WAk
HRHRTEY, EEEZEDDEDITR, ke
BOTERLIURZETHLEEA BN,

3) REBOT 1 — bhy TREARE

hy TEERDOING 54251 —Mhy THEE
HNOESEE O ZK6-8IC 7T . REE OMBIEIT
50pulse/min, #ABHLL (KBl v B—T DHE) X
56 : 44& —fRIVISRETH o 77,

FEHE 9L, $8160cmda— kI NI Fa—7
EINT I D—-OMIRTFEK ML TR AT b7,
EHEHOF—F1E, OBy MHEAF RS IO
FHEMERAWT, Y2 TUTY A LE025msELT
A/DEBBEN L TR I Nz, KT, 228K R TH

- W TNOBEZENRREINTWS, LB, BREENCS A
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SUMMARY

A Study on Milking Robot System in Stanchion Stall Barn

Mitsuru HACHIYA, Akira HIRATA,
Kazutomo ICHITO, Takashi FURUYAMA, Isao FUKUMORI

The development of automatic cluster attachment was a real challenging step. From the end
of the eighties to the beginning of the nineties, a series of cluster attachment principles was exploited
in several research institutes and companies in Europe. The first milking robots were installed in
commercial dairy farms in the Netherlands in 1992. The breakthrough of automatic milking came at
the end of the nineties. At the end of 2001, over 1,100 farms world-wide milked their cows
automatically. The success of the automatic milking system used in free stall barns in Europe
suggests that it will also save dairy farmers in Japan from the hard work of milking. However
approximately 90% of the dairy farmers in Japan do their milking in stanchion barns, so they require
new technologies to cover their workloads diffenrent from those in free stall barns. To meet these
requirements, this research and development study on milking robot for use in stanchion barns was

carried out in the Institute of Agricultural Machinery-BRAIN in Japan from 1993 through 1998.

1.Review and objectives of the study

The first idea about fully automating the milking process was acquired in the mid seventies.
Cost of labor in several countries, especially in Japan, was growing and this was one of the main
reasons to start the development of automation of milking. In the past the dairy farmer was
compelled to a continuous labour schedule without any interruption, which eventually could cause
severe vocational stress. This constraint also led to a production rhythm, determined by
considerations of human labour, rather than by the physiological requirements of the animals. A
"process control" by the animal, coupled with an "observation function" of the dairy farmer becomes
increasingly possible in fully automated, computer controlled dairy farming. The main sectors for
computer-based control in dairy farming have been classified as:
® animal feeding;
@ monitoring of animal performance and health;
® milking;

Two computer-based methods of automated feed rationing are currently in use:
e individual concentrate rationing and milk yield measurement by control computer, complied with

free roughage consumption;

@ individual concentrate and roughage rationing based on milk vield measurements.

The last step towards the full computer-based control of dairy farming, namely the automatic
teat cups attachment to the udder had not been completed yet, but recent.developments in sensor and
computer technology including robotics have removed at least the technical barriers for the

completion of this final step. The process element "teatcup attachment" can be divided into two parts:
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1. localizing the teats

2. cluster handling and positioning.

Since the mid-1980s prototypes for automatic attachment of teatcups have been for the free stall

barns developed in a number of countries. Some of the systems developed by the company or the

reseach institutes were installed in mid-1990 on the experimental farms. In the first years after the
introduction of the first Automatic Milking Systems (AMS), the adoption went slow, until 1998. From
that vear on, in the Netherlands automatic milking became an accepted technology by a large part of
the dairy sector and in the same period also other countries adopted AMS, like Germany, Denmark and

France. At the end of 2001, worldwide more than 1,100 commercial farms used one or more the

systems to milk their cows. The success of the AMS used in free stall barns in Netherlands, etc.

suggests that they will also save dairy farmers in Japan the hard work of milking. However,

approximately 90% of the dairy farmers in Japan do their milking in stanchion barns, they require a

new technology to cover varying workloads. To meet such requirements, Institute of Agricultural

Machinery-BRAIN has been working on the of a milking robot for use in stanchion barns since 1993.

In case of milking robot for use in stanchion barns, robot has to approach to each milking cows tied in

stall and several choice had to be made:

@ Cow friendliness. Since the cows should return unprompted they have to be treated in a friendly
and gentle way. This means no active fixation.

@ Sensing udder and teat position. A cow always needs to be able to move. A sensing controlling the
attachment robot is necessary to locate and follow her.

@® Robot system. The robot system is necessary to test and prove techniques on the field trails. The
robot is driven by electric motor and carried a single teat cup that could be applied to all four teats
in sequence.

We laid these considerations as the basic conception for the designing of milking robot (prototype) for

\

use in stanchion stall barns. \

N

AN
\

2. Variance with time elapsed in teats placement of lactating Holstein cows

The objectives of tﬁis chaptet are to document the effects of parity, stage of lactation and milk
vield on means and variances of distances between teats with which to determine the range of design
parameters that the milking robot must incorporate. Distances between teats were measured
immediately prior to milking in 41 Holstein cows to assess the variation due to age (parity) and stage
of lactation. Parity differences were highly significant for all traits in all analyses (P<0.01). The
distance between front teats pre-milking was 1.6-1.8 times of that for rear teats and 1.2-1.6 times of
that for side teats. In spite of increase of daily milk yield in early lactation, distances among teats
decreased linearly with the stage of lactation. Reduction in teat distances with the stage of lactation
was proportionally much greater for distance between rear teats (45 to 60% in particularly late
lactation) than for other distances. The distance between rear teats for first parity appeared to present
the greatest obstacle to robotic teatcup attachment. For designing the end-effector of mechanical
robot and control system, full attention should be paid to teat morphology, especially extremely

narrow distance between rear teats for first parity and wide distance between front teats for older
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cows. The differences of distance between right and left side teats were very small, so the
asymmetrical for side teats did not seem to hinder the robot in attaching the teatcups. In a study of
15 lactatiné Holstein cows measured at milking and at 0, 1, 2, 4, 6, and 8h after morning milking,
distances among teats increased linearly with the time after milking and furthermore the change in
distance between rear teats decreased significantly (P<0.05) with the stage of lactation period. The
reduction in teat distances caused by milking for éérly, mid, and late lactation were similar, although
much greater reduction was found for distance between rear teats (43 to 55%) than that for other
distances. Data of teat positions atored in computor suggested the possibility of using them for
attachment at fixed intervals for several days in late lactation. Incorporation of the profiles of teat
distances with stage of lactation and the changes that occur between milkings into the designing of
mechanical components and control software for the robot system would enable development of more
reliable milking robot system. Especially the sensing area for teat can be minimized, thereby reducing

the chance of sensing a leg or a wrong teat.

3. Basic structure and physical parameters of mechanical system

To make practical application of cows’” body measﬁrements to the optimum design of
mechanical milking robot system in stanchion barns, a series of body measurements was conducted
with 111 lactating Holstein cows.

The robot approaches to the tied cow from the back of the stall and the "Global Positioning
Unit (GPU)" holds the cow at the right and left hip bones and the rear end of the rump, where few
deformations occur. From this position, the milking robot can follow the back/forth and lateral
motions of the cow while constantly maintaining its position relative to the cow. On this basic
concept for mechanical design, we examined the pre-contact safety strategies for cow and milking
robot, especially robot manipulator. The workspace and fundamental mechanism for manipulator
were expressed by several variables. They were distances between fore and hind legs, height of teat
tips and abdomen, and relative distance between rear teats and hind legs, etc. And because it is not
easy to obtain enough space between hind legs, manipulation of single teat cup instead of spatial
positioning is thought to be promising, and even then four degrees of freedom for manipulation
mechanism are found to be sufficient. The four degrees of freedom consist of: two for planar
positioning (X and Y co-ordinates), one for planar orientation (rotation about Z-axis), and the other for
attaching a teatcup onto the target teat position. The last movement (Z) is perpendicular to the
positioning plane. The substantial working area for robot was assumed to be 350mmX 350mm, and
the center of the area to be a position that is 380mm apart from the rump on X-axis. Furthermore,
this is the space that every point can be reached by a reference point on the manipulator hand with
the hand in any desired orientations. Simplified calculation based upon the "inverse kinematic
formulas" revealed effectiveness of our redundancy control method for avoiding obstacles. Based on
the size of this working area, the link lengths of upper arm(ly), fore arm(/z) and hand of manipulator(/s)
in X-Y horizontal plane were decided as 400mm, 350mm and 200mm respectively. The ideal position
of the robot origin is proposed as follows: X co-ordinate is 580mm from the rump and Y=500mm;

these were decided as the nearest distance of the "Standard Workspace" from the origin of the robot.
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When robotic operation is performed in the standard workspace, the axis of hand for planar

orientation is to be controled parallel to the axis of cow’s body to avoid obstacles of hind legs.

4, System component and concept of task planning for teat cup attachment

The aim of this chapter is to develop a milking robot system that will automatically attach
teatcups on cows in stanchion stall barns. The prototype comprises three main components: a mobile
truck that travels on rails, the GPU hung from the truck by rollers, and the automatic milking unit
(total weight: 20kg) mounted on an end of the GPU written in the previous chapter. The robot
approaches the tied cow from the backof the stall and the GPU holds the cow body at the right and
left hip bones and the rear end of the rump, where there are few deformations. From this position, the
milking robot can follow the back-and-forth and lateral motions of the cow while constantly
maintaining its position relative to the cow. The connection with milk tap is made in the cow-holding
process.

The automatic milking unit is composed of a magazine arm, a robot manipulator and a ball-
screw mechanism to control the height of these components. The magazine arm has four cup holders
for the front and rear teats that unfold just below the udder, parallel with the axis of the cow. The
teatcup magazine supports the teatcups at the height where they are held by an end effector. After
they are removed from teats, they are recovered into each cup holder of the magazine below the
udder. To compensate for the differences in teat placement among cows, a mechanism slides the
magazine for the front teats back and forth and the magazine for the rear teats latelally.

The robot manipulator is an articulated robot provided with three degrees of freedom in
horizontal planes, where an AC servomotor (50W, 30W, and 30W) controls each axis. A pneumatic
gripper is used for the end effector that holds the teatcup, with a local teat sensor installed above it. A
local teat sensor, with a capturing area of 80mmX66mm with a matrix of 10 infra-red light beams to
detect the teat, guides the robot to coincident the position of the center of the cup to the teat. The ball-
screw mechanism has a movable range of 200mm and can be adjusted to any teat height between
350 and 550mm.

The robot manipulator unfolds from the initial position into the stage of picking up teatcups
with the first arm (45° ) and second arm (90° ) simultaneously and the third arm (135° ), so as to
avoid any interference with the cow’s body, particularly the forelegs. The unfolding operation is kept
constant regardledd of the individual cow bodies. In the cup attachment after the unfolding, the end
effector approaches each teat from the front of the udder, while maintaining its position parallel with
the axis of the cow’s body. This method prevents any collision with the hind legs and facilitates the
search for the teat within the limited space between the hind legs. After the cup attachment is

completed, the arms are folded using the unfolding process in reverse.

5. Control system for tracking teat movement and manipulability of robot manipulator
This chapter deals with designing a positional feedback controller for a manipulator with 3
rotational joints on a X-Y plane that follows the teat movements. The frequency response of the 1st,

2nd and 3rd joint of the manipulator indicated that the natural frequency ‘of the axes were 3.5Hz,
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4.5Hz and 4.5Hz, respectively. Although the gain rate was set to 5 to stabilize the control systern, it
can fully follow the motions up to 0.7-0.9Hz. Positional commands are sent to the servo drivers at
intervals 20ms via a positioning pulse distributor so that the deviation is less than the set value. We
assessed that the manipulator will not be disturbed by teat movements during practical use, based on
the frequency of teat motions obtained in our preliminary study in chapter 3.  The local teat sensor
measures the location of the teats of the cow. The measured informations are the input for the loop
controller. This controller generates a new setpoint for the robot in Cartesian space and the setpoint
is converted into the encoder positions of the each motor axes by means of the inverse kinematic
formulas.

The manipulator with 3-D.O.F. is essentially the same as one with 2-D.O.F., when the
manipulator in the 3rd joint is kept parallel to the cow’s body axis. This allows the inverse kinematics
of the 3-D.OF. system to be expressed more simply. Furthermore, it is important that a manipulator
can easily move its end-effector from point to point in the operational space without taking singular
points. The manipulability measure gives a numerical value to the ease of movement. A
manipulator’s mechanism should be designed so that the manipulability measure is large during its
operation. The manipulator model designed has a relatively large operational space and be able to
work efficiently with high manipulability measure, over 80% in the operational space. This means
that the manipulator will know the contours and movements of the cow’s body so that it can quickly

and easily attach teat-cups to the udder.

6. Algorithm for teat cup attachment and field trails of a milking robot

An algorithm to attach and release teatcups using an articulated robot manipulator with a 4
degrees of freedom, has been developed. For successful teatcup attachment the articulated robot
manipulator must be able to adjust itself to subtle inclination and various movements of teats. After
the GPU holds the cow body at the right and left hip bones and the rear end of the rump, where there
are few defomations, and then the robot manipulator moved froﬁ the parked position to attach the
teatcups. The robot takes the teatcups, one at a time, from a magazine and attached them to the teats
in the order left rear, right rear, left front, right front before returning to the parked position. A local
sensor determines the center of teat, and the end effector raises the cup to the teat. Attachment was
completed by moving the robot so that the position of the teat in a sensor array was central over the
teat cup to which vacuum was applied. The teat cup was released from the robot end effector when
the vacuum in the milk line indicated that the teat cup was sealed.

Field trials for the milking robot system on two milking cows were performed after the
operational stability of the system was ensured using a dummy cow. Two milking cows were
subjected to the tests, considering the udder conformation and temperament of them. Attemps to
familiarize the cows with the milking robot were made for a week according to the following
procedures:

1) Holding of the cow body by the GPU.
2) Milking by a bucket milker in the prototype stall.

3) Manual attaching of the automatic milking unit.
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4) Learning of teat positions
Milk ejection and teat cleaning before the cup attachment were performed manually. Learning teat
positions took approximately 70 seconds.

The GPU was not accurate enough when only recorded positions of teats were used for
attachment, though it worked well for the initial approach to teats. But when the local sensor worked,
it could detect the deviation and lead the cup to the center of the teat. The GPU always maintains
contact with the body of the cow, which enables the automatic milking unit to keep a fixed relative
position and follow teat movements smoothly. The automatic attachment of the teat cups was
achieved in approximately 60sec. Teat cup vacuum decreased from 48 to 20kPa in less than 0.2sec
after attachment, which means that attachment required minimal air inflow. The cow did not raise or
kick her hind legs during the robot operation. Furthermore, it was confirmed that any shuffling
motion of the cow during the cup attachment and milking could be fully compensated by the GPU
following the cow’s body. These results showed that the milking robot is a practical milking system.

As described above, we were able to confirm the basic adaptability of a prototype milking
robot for use in stanchion stall barns from the tests of attaching teat cups oni milking cows. Some
difficult problems remain unsolved, such as automatic teat cleaning method that can be applied to
stanchion stall barns or how to transport the robot automatically, We will endeavour to find their

solutions in the near future.



A R - - B AR EER AR O Ry bR AT 5P 79

A E

APRTIE, BADRY MCELTHAN=—X, +
PR & O F RSB 1 5 SE BIR O M, T
B, DAy hYoEal—BEUHIEL R T A DR
SHEITE IS T L ORI R E A 0 IR
VB SR L 7z, B MRAR TR L 7= B L
BALORy M RATFAIE, EES OMET R EERK
Bl nThY, B TERALIEES T
M, ZOHENLERMENDOETHEHATE 2 MNNH 2
HOEHALTWD,

AW, BEOBEN LS HICE S ETHEE, [
fE, B, REPRED KB bEAADT E, JEH
Hol DHIR & 7 O S LA 2 5 AR T & B B TR
HLUTRE S 2 OWMIHICEDERLTEEDBOT
B %,

KL ORKDDICYT D, KPRETFLUSE N - =
WSRO, 7O 2 Eibi A EEOMAE 5
TN e A R TP RTINS UL
S, RHEBMRE AR R S 3, s N AR

Bi=, oREH (R BERFEMERAR AR,

IR REREE AR OSITELN B REH O
REBRT D, APFFEOREY» SHRERITOZD TE
e T 2 B © T A MR R B R SR BT TS HE HE R
S4 BEBETERAENRMFER G BERRERE
BRE), AU 2 ERRAaEoMAEERIEN
DERE, HARI T OEERRRIZNOERITIE, W
FOWETHERAMEE S L TERRD THhEWEEN

oo LT, MREMICEEROBBELRTEHOTH S,

WAL ORRBIETE T, HLEBENESEES MY
OB HIBE = 80%, N SCRBER (B HILEEKR
FEEREREIR) IEEOSN, BKERSER
BB XS BERABNRER (B BE - EURE
T PE LA FC AR T v DU [ e 3 > & — A
HWEAETR) E0 BRI B AL, BA/KE S B
W M RFINCRM T ERRE RIID EHRR B &L
WARRE R Ek ool E I 258
BESM, THERZEYL>Y— LHERITCHRAERMN
wEE, EE EMRE G TERIERGHELR>S
— PRI A E TEMEER) 0 EHRE A SN,
Eie, MESZT LAOEARBICHEL T, BHKES
BERARE RR)IZSHZAAMAEE B B .
A TR R I P S BN I A S e MR R AT R B
FMRER), REBXEMAURE B R¥ - EMRE
TE T SR I T 3 E B ZE P B TSR E R
DENPEBRIBBAMO TH I EWIZWE, i
UCHBREMICHEELETOIRETH D, 5T, B
DR, WRIEMET— 5 EROBEIICY /- > TIHY
BN U72It B0 T AU R AR R R SR A T2E 4
B L & T2 RISl OB 2 iR R0,

BHBIZ, AUERHYE LTI D 5I2%20, #%
Ao CREEEDS EEBIT, BUTERIHRERZEN
T ALHRE R FRZE R R B E8IRITLN S
BHTHRETH %,



BRI IE TR R 4 33 & THITE LA EIR - AT

o PR 7 35 (AR Hi# 700 )
Technical Report of Institute of
Agricultural Machinery No.33
T331-8537 . MNIFTBURA  R3E - YRR E BN LS
B EEEEETLK B 1T B40%H2 YRR E EERINR SR & —

=3 O b BT %R PR

1-40-2, Nisshin, kita, Saitama-city, Saitama,
331-8537 Japan Institute of Agricultural Machinery

Tel. 048-654-7000 Bio-oriented Technology Research Advancement Institution
Incorporated Administrative Agency National Agriculture and Bio-oriented Research Organization

FIRD - S/ SCEEEIRIBRR S



