
!"#"$%&'
(
)%'%"*

( + ,-&./$0"*%&' 1"0 ,/*21/&$20%*3
4%*-5/$%&'
6

78/0$ 99 "1 $-:$#""4;
<= &.-=
>"2 '80%3



4%*-5/$%&' ? '$2@<%*3 5/$$-0 "1 / #"@< "0 / '<'$-5A "1 #"@%-' =B"

&"*'%@-0%*3 %$' 5/'' "0 $.- 1"0&- /&$%*3 "* %$ A

!"#"$ /05' ? 5-&./*%'5 =%'-
(
%' / &./%* $1 0%3%@ #"@%-' C D"%*$'

-/&. 8"%*$ ./E%*3 /$ F-/'$ "*- 0""1 A

0-F-E/*$ $.- 1;
0-E"F2$- ? 0"$/$%"*/F

/$ ---41#0*$
80/35/$%& ? F%*-/0( 'F%@

A,GBF$H=/0@"%*-5/$%&'
I" =- ./E- % '

8"%*$ '8/&- -*@ -11-&$"0
J K&/$-'%/* '8/&-;
%*E-0'- 4%*-5/$%&'



LK45$%&' ?

M

NO &/'- ? P( A G

3 D-
A

Q"'- @-&"58"'%$%"* ? 0"$/$%"* #< R( /#"2$ $/:(

M
$ $0/*'F/$%"* #< / ( /F"*3 S /:%'

TLF1 ; 6 !9U9 V 9&/*
M M

D"%*$ F54

WW %58"0$ LXINA Y

/(6Z

J LF-5-*$A"03 $0/*'1"05/$%"* '-R2-*&-' "* N#

1-/$20- M 0%&. &F/'' 1"0 -< A I%52F/*' -$
LM 6 !$1

[
PF
[

; X<F/[; E%'2/F%Z/$%"* "1 0"#"$%& 0%3%@ M #"@< 5"$%"*' A1"0=/0@ 4%*-5/$%&' ? L14%*- 7\O( [ @-3
[ ;

E%'2/F%Z/$%"* LA $-/&.

8F"$ / '8-&%1%& LA 8F"$ ]NO(
[

@-1
[

;
8"'-



^"= /@@ /*"$.-0 .2*4

NMD"%*$ M NM F%*4 0"#"$ ? $/ <-
$%- [$ [

:Z1-&1$M!ZF1A9_BXF/@$_/[L%*-
`X
9J/Aa F-/'$

!$ V X:&/2;

a
Sb9 SL9

LM !$F
[

P%F A X<F/ A; A !$F [1N [$ [ X<F-0;

<
LA 1MU%*- 7 c \O(dOe(

[

@-3
[; LA $-/&. LA '$02&$20-

0"$/$%"* ? 1%$ PZ
f [
!!
[

? N 0-E"F2$- D"%*$'
gh 1--@%*3($/Z/'11$RAF%HXM*A

9
(9Agig%i
A

j

[
[L%$%['?[5?Y??Y?CA

i A 9'?C?
k
A ?
k

?i?i%%/Z/'FR%$1';



\lMm58n0' ?

S0#%$0/0< 8"'%$%"* C 0"$/$%"* "1H*@ -11-&$"0 *--@ / 0"#"$ d
o "0 5"0- D"%*$'

e"5/ &"58"'%$%"* ?

j &F-/0 /FF

-ApPA %558"0$ LXI\AY !$F [qd; M!<F1'M<A!9MF1A#<

r kkk /0'"* A Ms-mmmDttuD]]6OA\

]N6MOAN
L%14%*-F%=( \O( M M M v

(

[

@-3 [l]\6MOMd
LA $-/&.

]d 6 OAqN
M &./FF-*3%*3 C &25#-0'"5- =.-* H "1 e""'$ 0*"0-/'-'

]w6OMOq
M g] 5"0- &"55"* 1"0 "*@2'$0%/F 0"#"$' ?

>P 6 OAd
lA-2H-E%$Mx/0$-*#-03Klx; 8/0/5-$-0'

y S '<'$-5/$%& =/< $" @-'&0%#- $.- 3-"5-$0<
"1 / '-0%/F &./%* "1 F%*4'

y n-3( Mz{3 A MOOh(]MO{yO M M V
kk

P/%*-'(



https://youtu.be/rA9tm0gTln8

Principle design of the coordinate system:
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- decomposes the transformation to just z and x axes
- reduces from 6 spatial parameters (3 rotation + 3 
translation) to just 4

Principle design

Realization

- the four parameters 
(D-H parameters)
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