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Visualization of Singularity Distribution
in Robot Manipulator using Monte Carlo Method
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Abstract This paper presents a method for visualizing the robot singularity distribution and introduces a new
inverse kinematics strategy that eliminates the need for Jacobian inverse matrix computation. The singularity
distribution is visualized through the Monte Carlo method, and the joint angles sampled in this process are used
in the inverse kinematics analysis process. This backtracking of the joint angles has the advantage of being able
to derive the joint angles without calculating the inverse of the Jacobian matrix.

Keywords Robot singularity, Jacobian, Kinematics

1L.AE Alge] ek £ =RoMe 2H R WS 28
st 5ol 2 E Adsleta] ols Sl ¥ e
XS AE o 7 Bl 4k S el fsl =2 5 ol e e AxT
M A7]8E dAtol dash, A|EA] A el M=
dek Ao Smeh mi o] ZhEre] AaaAdl 25018 £XE 8% 97|73 4
Apzulet gEe] gFHL Artsjor vt ANt A=
HQE Qo] Y=t Adnnh gopd wjel= o] o Al gEe] JYHES AREEhA] ¢l
EAeA kol W dE TE & fle Sold #d e Teke WS ARt 94 2 kER
(singularity)o] A4 4= Itk TS Bl 5ol TxE AAglela, Sold X8
A 2] AFAVEE 23] Bold] B Al vk vEkd wf ARERY W 23he o] Bejsh v
g o V=S AT Neuromeka o] 785 5§ Sl= ARSEITE
ol =EE w o wAAE FH F 2R F Sold X Aztsl e Far )4 AiE
S WAL FARREAE 5oy 39 ERAS AF IS o8tk 9A Uil AR JE sk,
g2l Al A)&-3kc}. Universal Robots &) 74-$-2l Eo14 zb WEwiet zpsv)Qb PH o] s A (determinant)= Al
e el WAlskar dd w3t A 2 AkRiTh AEAe] gro] AAl ghe)RTh Sh s A
A Fatetal ARk e Soldol AT Aolehar ity
olH]E Eolx H L x Ho] % B 7138 Ak
s o
: o wsie oletala 1 e (detl] +JT) < @
om BoldSs X3 JolA Bk dubHl 47
5} up o] g}, dnkd oz BoldS yhHsly] flal A1) AHEsh,
239 ogy)7et s PoRE SAH st 5 OMFHTE 23 ATl 4@ ARSA
A o] EAs). AA ue 23 Ao 7w thro= 7198 alas ssk] Sl 2 FRtel
o} W gRo] AWIAS wEas whow mye A Yol ARE AAsta, I AR FHe] 5ol
#ayo] Baahd Agsly] oldl= whdo] o). wE  obd WISelRE et o Al eshs v =9
o] ApFHIQr AP ALEERE M WHES 2w ap = G5 o9 FRE weles s W 6
SITHL. SHAE o] 3k Boldo] wst = grhke B TR T UG

483



3 L AYE Wl Sl WS 1 AR 2, okl 16 AR 23

Neuromeka Indy-RP2

KUKA LBR iiwa7 Franka Emika Panda

e T o

A5l

Universal Robots UR5

Rainbow robotics RB5 Doosan robotics A0509

05 05

-0.5

05

qlrad]

O O O \,,}\('\ @ Foo

4. 48

B R APMIE 23e] Sy REsk oA 5

rlg

e e ] Lpe R W o, BEE SRIE o ALgEE 2

o®

G2 olgstel Aze 47178 S oz w9
the Aolth olaA| Sol4 A%sHE B3 5ol
sebshar A ke AFASA A=t g

=
=
FHS oA Fae B HE =S

O, i o
M

O oo o

0 20 40 60

HI 501 & sample

80

100 120

i
==
o
12

13 1.RB5 9] 9] AR A A A o 7

3. A EH o)A

P 27NE PO

&2 50,000 7H, ¢

M Q@ — F
w ool £
T
1 i
=1
i

oX

o =
%JT‘

2

ot

N

=

Sl

2

o

(i

18

N o o
N
a)

-
o
=
1%
i
o

>

Fastol shE Holok s, oAt
1 el A WA B

do
k1
fu
bt
oM. ol
o
oM,
il
r

Al o) 001 = A F 6 7kA] 2Rl WA A ga6) maAnx) orqiek oleld AFAS A

B AU 7 2o EHA WA A= 1

o AN
g B =R =Z3 e BE 2 Ale-sle]

SR ==Y

) wigol el B¢ Holhe BE HAHA VAT 1w g e S Gs A Aol
A EYold AxE 7k 23] 24 F3h oA ofd

Al e W FolHol 2AwA seke + A, A28

UR5 ¢} A0509 Z3-o] S wlide] HA] Holgl= &

oI Bk R ol fARE Ak RS BT ) g, g, e A EdlelEe] A0lE A2
HEe2 el A2 A wSeld A2 g A 5ol 5)9] ermelFe] wa A7 Bwmie

WA B e AFASE 19 13 ol ek w2, AL, AL, op 4254 2017,

RMSE(Root Mean Square Error)7} 71 22 #4 7t o [2] T. Stejskal, J. Svetlk, and S. Ondo™cko, “Mapping Robot
3}

Aol val Az ASWE T e

de) 7w o)z AR 5 glek

AME A HA T Singularities through the Monte Carlo Method,” Applied

Science, vol. 12, no. 8330, 2022.

484






