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a u g h te r  o p e ra t io n s  -  b le e d in g ,  s e p a r a t io n  o f  e x t r e m i t i e s  and h e a d s , e v i s c e r a t io n ,

t in g  o f  c a rc a s s e s  i n to  h a lv e s ,  q u a r te r s  and c u ts  a re  p s y c o lo g ic a l ly  d i f f i c u l t  f o r  h u -

I ein g s .  F o r t h i s  r e a s o n  one o f  th e  d i r e c t i o n s  o f au to m a tio n  and o f  r o b o t i z a t i o n  o f 
J g q

P ro c e s s e s  i s  c o n n e c te d  w ith  c r e a t io n  o f  a to p o lo g ic a l  m odel o f  th e  an im al c a r c a s s ,  

can e n su re  c o n t r o l  o f  m ec h a n ic a l t o o l s ,  m a n ip u la to rs  and i n t e l l e c t u a l  r o b o ts  th ro u g h
°0ciP u te r .

^PRODUCTION

cRh°i0gi c a ;L modQl Qf a  carcasg>  d e f in in g  g e o m e tr ic a l  c o o rd in a te s  o f p o in t s  on th e  s u r f a c e
cl O

t  a r c a s s  ^  p o s i t i o n s  o f  in n e r  o rg a n s , i s  c r e a te d  on th e  b a s i s  o f  s t a t i s t i c  in fo rm a -  

- °n d im en sio n s and i n t e r r e l a t e d  p o s i t i o n s  o f  c a rc a s s  s i t e s  and a ls o  on key  p o i n t s ,  n e -  

^  ^ o r p e rfo rm in g  o f c e r t a i n  t e c h n o lo g ic a l  o p e ra t io n s  f o r  p r im a ry  p r o c e s s in g  o f  c a t t l e •

St

Po

■Tads and methods

.ok

len S th 5  CirCUm ference 0 f b r e a s t  (A)5 » « W  i n  w i th e r s ;  d e p th  o f b r e a s t ;  
° f  b r e a s t ;  l e n g th  o f s id e ;  d i s ta n c e  from  c irc u m fe re n c e  l i n e  ( f i g . 1 )  to  p l a t e ;

i s t i c  d a ta  a n a ly s i s  f o r  p ig s  showed t h a t  d i s p e r s io n s  and mean sq u a re  d e v ia t io n s  o f  key
> j v v a ,

j  S c o o rd in a t e s  on a  c a rc a s s  w i th in  th e  a llo w ed  s h i f t  o f  a w orking  t o o l  a re  o b se rv e d

th f 0 r  th e  same b r e e d » w ei6h t  and age o f  th e  a n im a l. W ith th e  a c co u n t o f  th e s e  f a c t o r s  

e d a ta b a s e  th e  fo llo w in g  in fo rm a tio n  on a c a rc a s s  i s  sy s tem ized s

j b̂ w,

I

from  c irc u m fe re n c e  . l i n e  to  sn o u t;  d i s ta n c e  from  p l a t e  to  s ta b  p o i n t ;  d i s ta n c e  

n  s t r e tc h e d  l e g s ;  d i s ta n c e  from  p l a t e  to  s t r e t c h e d  e x tr e m ity ;  d ia m e te r  o f  m etaca rp u s  

* f e t l o c k  J o i n t ;  d i s ta n c e  from  r o o t  o f t a i l  to  s n o u t;  d i s ta n c e  from  s h a c k lin g  p o in t  to

aa° CeSS0d d a ta  °n m easurem ents o f  175 P ig s  o f  th e  same b re e d . To e s t a b l i s h  hom ogeneity

sihg 5 ^  check_ou t o f  z e ro - h y p o th e s is  on C o h ra in  c r i t e r i o n ,  random e x c e rp ts  com pri-

t ioii 3° " 35 v a lu e s  were s tu d ie d .  C a lc u la t io n s  o f  s t a t i s t i c  c h a r a c t e r i s t i c s  and o f  c o r r e l a -

f f i c i e n t s  i n  g e n e ra l  d i d n ' t  r e v e a l  any d e p e n d en c ie s  betw een  p a ra m e te rs  o f  an a n i -

/e v e r , w i th in  g roup o f  a n im a ls  o f  th e  same b re e d , w e ig h t and a g e , th e  r a t i o  o f  d i -

Gs by each  o f  th e  th r e e  a x le s  of m easurem ents tu rn e d  to  be p r a c t i c a l l y  c o n s ta n t  and

clla r a c te r i z e d  by th e  h ig h e s t  v a lu e s  o f  c o r r e l a t i o n  c o e f f i c i e n t s ,  
th e

N .  ao

s Si

e ac co u n t o f each  g roup A i f  an im a ls  s ta n d a rd  to p o lo g ic a l  m odel i s  c r e a te d ,  r e p r e -  

5 b u lk  o f  d a ta  on bbe com plex o f  mean d im ensions and key p o in t s  o f s u r f a c e  and c u ts
cl 0 _

V
Care:ass i n  th e  g iv e n  o r i e n t a t i o n  sy s te m .

^  ^on  d i s P la y  o r on th e  l i s t  o u tp u t)  t h i s  to p o lo g ic a l  model i s  p r e s e n te d  as to p o -
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g rap h o -a n a to m ic  c h a r t s  o f  p r o je c t io n s  o f  le n g th w ise  and c ro s s w is e  c u ts  o f  a  c a rc a s s  fo r

d i f f e r e n t  b re e d s  and ages  o f  a n im a ls . Upon d iv id in g  o f  c h a r t s  by c o o rd in a te  g r id  w ith  pi
ofh , i t  i s  p o s s ib le  to  d e te rm in e  s p a t i a l  c o o rd in a te s  o f  d i f f e r e n t  p o in t s  and s i t e s  o f body 

a  m odel an im al w ith  a c c u ra c y  to  a  p i t c h .  The s e t  o f  such  c h a r t s  a llo w s  to  d e te rm in e  lo cs r  

t i o n  o f each  ana tom ic  p o in t  u s in g  th r e e  c o o rd in a te s ,  and s u b s e q u e n tly  o f each  o rgan  ih  111 

te r c o n n e c t io n  w ith  e x te r n a l  to p o lo g y  o f an im al body .

E m p iric  d e te rm in a t io n  o f  c o o rd in a te s  o f ana tom ic  p o in t s  and th e  s tu d y  o f  to p o g ra p h ic  

ana tom ic  r e g u l a r i t i e s  a re  p e rfo rm ed  a c c o rd in g  to  th e  m ethod o f c o o rd in a te  and f ig u r e

■ wh 

in

m easu rem etry , b a se d  on m essu rin g  o f  an o b je c t  i n  m easu res  (q u a n ta )  o r i n  p a r t s  o f  th e mai®

)

Ih

thi

cu-

dii
te iyd im e n s io n , e q u a l le d  to  th e  p i t c h  o f  to p o lo g ic  g r id  h , t h i s  a llo w in g  to  d is c o v e r  accura ' 

to p o g ra p h ic  and ana tom ic  c h a r a c t e r i s t i c s  o f a n im a ls  o f  d i f f e r e n t  b re e d s  and a g e s .

F o r  th e  s tu d y  o f  to p o g ra p h y  o f  o rg an s  and o f ana tom ic  s i t e s ,  show ing r e l a t i v e l y  p l a i n  ^

f a c e ,  l i n e a r  and r e c ta n g u la r ly - c o o r d in a te d  m easurem ents a re  u se d . F o r  ana tom ic  s i t e s  wi th

ro und  o r  s p h e r ic  s u r f a c e s ,  c o o r d in a te - f ig u r e d  to p o g ra p h o -an a to m ic  c h a r t s  w ith  measured® tric

g r i d  a re  com p iled , w hich , a lo n g  w ith  o rg an s  to p o g ra p h y  r e f l e c t  shape o f  anatom ic  s i t e .

u s e f u l  m ethod o f o b ta in in g  o f  p r o je c t i o n a l  to p o g ra p h o -an a to m ic  data f o r  measuremetric ®ha 

l y s i s  i s  m ir ro r  s ig h to g ra p h y , a llo w in g  to  e x e c u te  p r o je c t i o n a l  d raw ing  o f  an o b je c t  f t 0® 

two and more m u tu a lly  p e rp e n d ic u la r  s i t e s .

M easurem ents i n  "m easu res"  and m e tr ic  u n i t s  (cm, mm) a re  ta k e n  w ith  s l i d e  c a l i p e r s ,  the^ 

a re  a ls o  used  f o r  m easu rin g  o f  g ra p h ic  im ages (v id eo g ram s, d io p to g ra m s , rhen tgenogram s) 

and o f  l i v e  o b je c t s  a l s o .  M easurem ents on th e  ro u n d  p a r t s  o f  an im al body a re  ta k e n  w ith 

h e lp  o f  s o - c a l l e d  m ea su rem e tr ic  g u s s e t  p l a t e .

F o r such  te c h n o lo g ic a l  o p e ra t io n s  as  s tu n n in g  and b le e d in g  o f  p ig s  m easurem ents were 

on a s tu n n e d  and v e r t i c a l l y  f ix e d  an im al ( f i g .  1 ) ;  th e  fo llo w in g  d i s t a n c e s  were i n c l u d e  

in  d a ta b a s e :

-  from  th e  l e v e l  o f  b r e a s t  c irc u m fe re n c e  to  p l a t e ;

-  from  sn o u t to  p l a t e ;

-  from  s h a c k lin g  p o in t  to  s n o u t;

-  from  s ta b  p o in t  to  s n o u t.

In  te c h n o lo g ic a l  p r o c e s s e s  o f p r im a ry  p ro c e s s in g  o f  c a t t l e  w orking  o rg an s  o f m a n ip u la te

t a #

Co(

^c<

Coj

sys

1,

2.

3.

4.

be}

5.

6.

9.

10.

Ho

r o b o ts  sh o u ld  be d r iv e n  to  a  p re d e te rm in e d  p o in t  ( o f  s tu n n in g , b le e d in g  e t c . )  o r  to  6r 'oitf

o f  p o in t s  a lo n g  p r o c e s s in g  l i n e  ( s p l i t t i n g ,  le g g in g  e t c . ) .  However, each  s e p a r a te  careaS**1

lo a d e d  on co n v ey o r, p o s s e s s e s  i t s  own d im en sio n s and to p o lo g y  ( e x t e r i o r  and in t e r io r ) » dr

f e r i n g  from  th e  a v e ra g e  s ta n d a rd  to p o lo g ic a l  m odel o f  th e  a n im a l. T hus, f o r  p r e c i s io n of

coordinates X-, Y. , Z, o f  key  ana tom ic  and te c h n o lo g ic a l  p o i n t s ,  c o r r e c t io n  o f  standard 
1d e l  i s  n eed ed , b e a r in g  in  mind c o n s ta n t  r a t i o  o f  d im en sio n s  a lo n g  each  m easu rin g  cooru 

a c c o rd in g  to  th e  fo l lo w in g  fo rm u la e :

Xi = ai XoKx 5 i_ ^ n  ; V  3T 5

°i>0; 

i t  

b,

i t f

Y.= b -Y 'i  GO K j=1 ,m ; Ky= Y/Y0 ;
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* 2 i= c i z oKz ! 1=T^p Î V  Z/ V -
where a v v

i Ddc l  “  r a t i o  c o e f f i c i e n t s ,  c h a r a c te r iz in g  p o s i t i o n  o f  th e  r e q u i r e d  p o in t  ( i , j , l )

^he s ta n d a rd  to p o lo g ic a l  m odel i n  r e l a t i o n  to  d im en sio n s X ,Y .Z ;
K v  _  0 0 0
* y ’ z ~ c o r r e l a t i o n  c o e f f i c i e n t s  o f th e  m odel;

X>Y,Z -

Ihu

the

d im ensions o f  c o n c re te  an im al by th r e e  a x le s  o f m ea su rin g , c o r re s p o n d in g ly . 

s * when th e  an im al i s  lo ad e d  on conveyo r, i t s  le n g th ,  h e ig h t  and w id th  a re  m easured  and 

m0(l e l ,  d e te rm in in g  p o s i t i o n  o f  s e p a r a te  c a rc a s s  p a r t s ,  i s  a g ju s te d  f o r  r o b o t iz e d  ex e -  

of te c h n o lo g ic a l  o p e ra t io n s  on th e  c o n c re te  c a r c a s s .  F o r t h i s ,  a c c o rd in g  to  a c tu a l
Ct t io £

" te n s io n s ,p i tc h  o f  th e  g r id  h  i s  changed w ith  th e  h e lp  o f r e c a l c u l a t i o n  c o e f f i c i e n t :

W * *  V * o V  W z

h-inates o f in n e r  o rg an s o f  th e  an im al w i l l  be d e te rm in e d  w ith  s a t i s f a c t o r y  d e g re e  o f  
^ c c u r ^ ,  ,
c cy by  d i s c r e t e  p o in t  i , j , l  o f  to p o lo g ic a l  g r id  w ith  p i t c h  h ^ , h y , h z<

111111011 a lg o r ith m  o f  t e c h n o lo g ic a l  o p e ra t io n  on p r im a ry  p ro c e s s in g  o f  c a t t l e  i n  a r o b o t iz e d  
System ~^  can be e x p re s s e d  a s  fo llo w s :
1 .  I n t

d e d u c tio n  o f  i n i t i a l  d a ta  -  w e ig h t, a g e , b re e d .
 ̂* C O

mP i l a t i o n  o f  th e  model o f  th e  an im al w ith  p i t c h  h .
3.

¡y

i

! &  

id

Corr a c t io n  o f  g r id  p i t c h  a c c o rd in g  to  c o n t r o l  m easurem ents.

5.

* •
a is io n  o f  lo c a t io n s  o f  o r i e n t a t i o n  p o in t s  o f  to p o lo g ic a l  g r id  and o f  in n e r  o rgans 

'sin» n v  .
5 °o o e c t o f  t e c h n o lo g ic a l  o p e r a t io n .

>r

di

if

l *

&

6c e n ta t io n  o f  m o rp h o lo g ic a l g r id  o f  th e  needed  s i t e  o f  an im al body o r  o f in n e r  o rg a n .

0 f th e  g r id  sh o u ld  be chosen  w ith  due r e g a r d  f o r  conven ience  and r e l i a b i l i t y  o f  d e t e r -■> V. J .
1011 o f th e  p o in t  to  be o p e ra te d .

t e r m i n a t i o n  o f  c o n t r o l  p o in t  o f l o c a t io n  o f th e  p r e c i s e d  g r id  o f  th e  s i t e .
' Detpr. •R ej?m in a tio n  o f c o o rd in a te s  o f  th e  p o in t  to  be o p e ra te d .

P lacem ent o f a  w orking  t o o l  in  th e  p o in t  t o  be o p e ra te d .

’vin g  o f th e  co n v ey o r. F ix a t io n  o f  c a rc a s s  p o s i t i o n  f o r  f u r t h e r  o p e ra t io n  s te p .
Mo 

10 • Change 0f  t o p o lo g ic a l  g r id  w ith  th e  acco u n t o f new d im ensions o f  a c a rc a s s  a f t e r  p r e -

l, 1°Us 0P e r a tio n . 
s° f t

i t

b̂ c h

V e

i t f

wa re  f o r  t o p o lo g ic a l  m o d e llin g  o f c a rc a s s e s  in c lu d e s  m odules o f  ac cu m u la tio n  o f  i n f o r -

n 011 d im en sio n s o f  an im a ls  and on lo c a t io n  o f  s u p p o rt p o in ts  f o r  each  te c h n o lo g ic a l  
N a t io n ,

d ia lo g Ue reg im e b re e d , ag e , w e ig h t and th e  r e q u i r e d  t e c h n o lo g ic a l  o p e ra t io n  f o r  th e  

an im a ls  a re  f ix e d  by  in d ic a t i o n  o f  c o rre sp o n d in g  p o s i t i o n s  i n  p ro p o sed  m enues. 

s ° f  d a ta b a s e s  a re  form ed from  th e  common name, d e f in in g  n o t io n a l  c o n te n t  o f th e  s to r e d  

N a t io n  and c o m b in a tio n s  o f  sym bols o f th e  name, com piled  a c c o rd in g  to  ch o ice  o f  p o i n t s .  

D atabase  o f  mean s t a t i s t i c  p a ra m e te rs  o f  each  an im al b re e d , s e p a r a te ly  f o r  each

I

^ i o n .  

J _

g ro u p .

C o o rd in a te s  d a ta b a s e  o f key p o in ts  by to p o g ra p h ic  g r id  f o r  each  t e c h n o lo g ic a l  ope- 

Dase o f  c a lc u la t e d  and r e a l  c o o rd in a te s  o f  key p o in ts  f o r  each  o p e ra t io n .
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A f te r  d e te rm in a t io n  o f  th e  m ain c h a r a c t e r i s t i c s  o f  th e  an im al b a tc h  th e  c h o ic e  o f  calcul3' 
t i o n  o p e ra t io n s  w ith  d a ta b a s e  and m o d e llin g  reg im es  i s  p ro p o se d .

F i l l i n g  o f  d a ta b a s e

In  th e  chosen  d a ta b a s e  RKIJ d im en sio n s  o f  e ach  o f  th e  conveyed an im a l a re  introduced:
X -  d i s ta n c e  from  sn o u t to  r o o t  o f  th e  t a i l ;  Y -  h e ig h t  i n  w i th e r s ;  Z -  w id th  o f  b re a s t-  

R ead ing  o f  th e s e  p a ra m e te rs  can be done by p h o to s e n s o r s .

From d a ta b a s e  SRGAB d im en sio n s o f a v e rag e  s t a t i s t i c  an im al o f t h i s  b re e d  and age a re  r e ^ '  

o u t (XO,YO,ZO).

From d a ta b a s e  KT1 c o o rd in a te s  o f  key p o in t s  f o r  th e  chosen  t e c h n o lo g ic a l  o p e ra t io n  are

iNr
s,B

j Mee

St)N
In
tri
of
to
las

«it
for
Pos

ta k e n  (XOP,YOP.ZOP). tee

C o o rd in a te s  o f  s u p p o rt  p o in t s  w ith  th e  a c co u n t o f c o o rd in a te  c o e f f i c i e n t s  a re  c a lc u la te d  

a s  f o l lo w s :  Xi= XOP • X/XN ; Y=YOP*Y/YH; Z=ZOP.Z/ZN

I n  th e  p r o g ra m ,in t ro d u c t io n  o f  c o o rd in a te s  o f  a c tu a l  l o c a t io n  o f  key  p o in t  f o r  each  and®8''' 

i s  f o r s e e n  f o r  a c c u m u la tio n  o f  s t a t i s t i c  d a ta .  P ro c e s s in g  o f  accum ula ted  in fo rm a tio n  vd &  

a llo w  to  o b ta in  v a lu e  o f  key  p o in t s  f o r  e ach  t e c h n o lo g ic a l  o p e ra t io n  and w i l l  a l s o  make 

p o s s ib le  to  e v a lu a te  d e v ia t io n  betw een  c a lc u la te d  and r e a l  p a ra m e te rs  f o r  d e f i n i t e  batcbeS 

o f  c a t t l e .

C o r r e c t io n  o f  d a ta b a s e

I n  th e  reg im e o f  g o in g  th ro u g h  d a ta b a s e  and in t r o d u c t io n  o f  th e  r e q u i r e d  c o r r e c t io n  fo r  

chosen  te c h n o lo g ic a l  o p e r a t io n ,d i s p la y  o u tp u t o f  r e a l  and c a lc u la t e d  c o o rd in a te s  f o r  th iS 

o p e r a t io n  i s  o rg a n iz e d .

S t a t i s t i c  a n a ly s i s  in c lu d e s  d e te rm in a t io n  o f mean s t a t i s t i c  v a lu e s  o f  r e a l  coordinates 
o f  key  p o in t s  w ith  t h e i r  f u r t h e r  p r i n t i n g  o u t o f  e ach  te c h n o lo g ic a l  o p e r a t io n .

The program  was worked o u t on IBM PC i n  th e  FOXBASE sy s tem .

f8m
»it

lUT

û i v  

' 198.
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Pig. 1 Dimensions of a carcass

B -  distance from circumference line behind blades to plate;
C - distance from circumference line to snout
D - distance from plate to stab point (where knife is inserted);
E- distance between stretched legs;
F - distance between plate and stretched extremity
G -  diameter of metacarpus under fetlock joint |
H -  distance from root of the ta il to snout; I - distance from shackling point to 9li
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