Advanced Robo




SIERR2 S5 A HX 28
Surglcal ASS|stant Robot using Collaboratlve Robot

4 = e"ﬁé School of Mechanical Engineering
&—y¢ Pusan National University

@dvanced Roboﬁcs Lab.




L
=

TE EX EX9

f

« TEALE

=
o
Xl
=~

ol FZE =T AL 7t

]
&e g’o_
/DTN
P
/—“~
£

&

A

~Nd
md
foHl

-

Kd
K

i
8

School of Mechanical Engineering
Pusan National University

_y

err

@gAdvanced Robotics '-ab.



Development History

School of Mechanical Engineering
Pusan National University

@gAdvanced Robotics '-ab.




EROPTIX - 1ML == EX 25X (2023)

J End-effector for

Laparoscopic X
Camera Holding

Camera

Collaborative
Robot

» P
Pac ’r‘“fi"ﬂ

(U] Joystick

. G |
g ‘
L S°W° ON '

School of Mechanical Engineering
Pusan National University

@gAdvanced Roboﬁcs '-ab.




714714 /8 Al

gt

=
=

]

el
N M7\ w2 s s A gl
HEAA RFLEA A& (RS =LA e —=o X
(=] o o [= AE Ao EFT/B t
== = urs
3 A8 I 3.2 BRIWA 6 AE 3.3 BRI UM : WAS RE ETOE A 35 BN WE : E@/X BE DEHY U HAE A
3.1 BX iz A8 RE 1. 218717 MR DY) - HENE L SH@ BE 2 S8 EA0 2S(HY) - HBIE % SYYY 2E 2 9=J] BAI 25(04) - 680E 2 sauy
— J L mH H 2. 6. B s = e
. @3 1 S50 BNE SWaE) - GEE ¥ REg | L. BE 1. 522550 anmen 2aol &g oz 83 BE2.623 503 wun AF 8T/ = wa s [ e wa
21,521 . . Bl B3 - —— S # ABE S0l 80 MHz — | GHz 0+ (1919 Sl5E S8 S0+8 S JIF SAYS ARES 2 AHZTE 0.1 m 018 WOI0F BIDY, EH2
52.1 BX ZRAYS B IIE WE: BAT S 10 m HRANM SHSOHOH, EUTE J2ASS BEOIE 7 e = 2 J1E anee 2 . L HA
e AT HHANA SEEHEON, EUTE RS 90l #0i SlAERszt 0.1 m(HIS M) E= 0.8 m(H&I|I0)2 HIS% HIOIE 9I00 &0 Mo &0 AHBOHE J1JI00 210 RUGH= HXIZ Jo0I DS BASE LYE HAR - 3\{552 ggﬂ;%,z"mflﬁij ZJIILEE %é,%ng‘fggmg;ggigggg
= i N me ENAE wE W6 Hioi0l BE0iES 30" AEAin, aa( aw USE B U HIJNFS SHS VHUE SH AEE ABN QS . Sk it L b g
(USN)OI @EBI0I0F BL1 E3 EUTE 212 HIS 91 0.1 mbISANEY) S i = Al HA 05 m 014 HOIMOF 8ICH AZEBS HISAM0 M2t 3K ALEO
0.8 MEHSIDNN FUSD TR DEFRFE HOIE 04 m BOA BB 77— SIEILES! Ol 1 m UM 4 mIlX B EHSI0 ABSCL 28 F0+0 O ABE T EMS BbiE JIE BNMSZRE 08 m 014 =0I0K B8 SFADID, FNMY MU= SEAN SEC. 2 BBI(CON)S HEBE
o i usncmtu Sigelis S e b ] 322 AB JE U 23 HOIE 15 mx 1.5 me Ol AHA 08 ENBS ASIH 7 0l 0.8 | p ) || AR BHD Swol ANE OIE ANSE AAH 9F (1S 25 xEe
B21712 Sedol B A RS Mo RN +6 dB 0lUi2| B BAZ(UFAIDl HHSIACL BYE NEEE 08 m H0i2) RE 34 05 m 018 EOUHOI 8O NYEN 28 A0 AOIA 484 9
3.01.2 A ez % 2 HOE @7 3.3.1 AE Py Al 351 AE P4 AR
- =
100 HH
® £ jnmy
0 M I L L
] LTt L : !‘ \ 1
0 5 i
£ » e w07 -
RS e ot & | | ]
L S | = =
e 0M 50 &0 B0 10OM 200 300 400 500 B0 16 f
ko E Qo b
S—r Ay =
20 Preview Resull 1H-PK+ l
Preview Result 1V-PKe
10 *  Crical Fregs PXs ) e
——— CIS_I1_Table 04 Class_A_(Less 20VA]_10m_OP
150 300 400500 800 1M P M AMEME B 10M oM 30M , AL RF #0213 AY
Frequency in Hz Final_Result _— = 332 A8 2 HOIE HIH WHE BESMY U HAE AY
e = P [dByvim) | (dByuVim)
gl i . ) I T T ) T A RF A00I8 HEANE 23 HOE " R
ry KN_11_Table_02_Class_A_(Less 20kVA)_ QP KN_11_Table (02 _Class_A_{Less 20kVA)_AVC | 42999000 % z.g 5 118,6 oIEIL Bl 3.52 AE Oz 3 230 HOE
Final_Resutt GPK &  Final_Resut CAV |—125.00000 o A e = A2 =
T - - iR = IR |t e | | A = TINH WE BEMY U HAS UHNE 2D HOIE
5 00 v | 1040 % 1% 1
Final_Resuit —_— = r) L0} Y T 1=} 3 . prom A X8 2E(Point of application) E
(MiHz) (dBuv) (dBuv) (s} - (48) B T -7 T — - =
T 1 x il
182000 [7¥id i 16.23 10000 | 9.000 [N 25, .00 v 17. a0 B +¥ 1% 1 =R - = 1
182000 e 3303 2297 | 1000.0| _9.000 | 40.00 T T am e |
i:m i 3811 51% 1000 o 1.0 1y . = . MSH - BHE HMHE NSH 1
0.550000 = XL 2021 1000 Y 10 23] s ] Toq L Haw 3 -
0584000 §T7d = ELYT) 1000, 1 43 1 1 M4 - End-Effector &8 1
1.678000 4560 e Joss 1060 0000 g 8 1 & 1
! = 01 3 VeS| = S =
e o 2 IMAR] 00 N 1. Pol : V(&3), H48) eam B : 20wy
3,258000 4467 = 1 1000, 000 | N 2. Com.(dB) : RHHILI 284 + HOIESH + WOOS YA ] 1 & 1 X - HYAE 28
3542000 s H?.‘. %_M_ﬁ E‘ a 3. QuasiPeak[dB(uV/m)) = Reading Level(dBuV) + Corr.[dB(1/m}] 2 2y 1 - HE - AME 28 200 SRAH R
5438000 - 032 8,64 100001 9.000 [N ) 4. Margin(dB) = Limit[d8(uV/m)] - QuasiPeak[dB(u¥/m)] X - S 2R
[ 5438000 4551 = 7.19 10000] S000)L1 5 a g = = Al s
el “(: . E(l?' O sap O sz IIUA _&%Ingme:g QE 20l SHAH RN EE O sag Duss
B R O wag 0 wge e o2 Al ays = 408 0B (MB4E O 05 %, k=2) =

vanceda FRoDOolICS E=ab.

0O sge

N am. O sag

Pusan National Universify




MO & BE 24

. S5 HES AU ACO[HEZ AAE

. BEHEY HFHLSO| U
PSS

. GAQINS SV HI TS YUY

H/EI MA

EE

;-"-E School of Mechanical Engineering
& 2 . . .
Advanced Robotics Lab. L%o§ Pusan National University




Xt
S

OF

= QUE{H O] &

i fil Wpn
s Pan(ro.
Spin(yaw) ?\ ; A A

. /

Forward '*\‘v.
Back\\';u‘d{/ J

Remote g
S £
Center
(Yges ¥aes Zre)

i—-

School of Mechanical Engineering
7 Pusan National University

@gAdvanced Robotics '-ab.




al X [ (o]
Q14 % X M5 M

* YOLO(You Only Look Once) v5 + Deep SORT(Simple

= = Model
O  Track
- ®  Track-Loss

Online and Realtime Tracking) € 12| &
. ST EH
- Labeling: 375 Frame / 15 sec
—> FPS:50.25 FPS

- Loss : 4 Frame

Grasper 0.75

. \ School of Mechanical Engineering
7 Pusan National University

@gAdvanced Robotics '-ab.




798 =2 2EX 5 fleHIEH-4 2
H|FL| 2| o] 2H|2| Al & A
Study on Hysteresis of Tendon-Sheath Mechanism for Flexible
Surgical Robots




FBGHIME THF

YA EE)

<H8-22 HFHUSE XY 03 238 2222 8=

; R60 / Varying Curve Angle ; R45/ Varying Curve Angle ; R30/ Varying Curve Angle
- - - - —e—15°
2 3. 3. g— —h—30°
‘5‘ ‘5‘ . ‘5‘ X = 05 .
] [©] @] o 45
=] k=] =] 3 ——60°
S s s 80 ——75° ’
= = = = —w—090°
E - E -0.4 E -0.4 E -0.5 —e— Input
S 3 3 S /
Z Z Z Z
. - -1
0.5 1 15 2 0.5 1 15 2 05 1 15 2 0.5 1 15
Time [s] Time [s] Time [s] Time [s]
.. R75/Varying Curve Angle ,. R60/ Varying Curve Angle .. R45/ Varying Curve Angle .. R30/Varying Curve Angle
-
5 —o—15° 5 ——15° i 5 ——15° 5 —o—15°
£ o5||—A—30° E o5 E 5] [—A—30° E 5| [—A—30°
= = = = 7
3 450 3 3 45° 3 45°
3 ——60° 3 3 ——60° 3 ——60°
8 Of——1s 3 80 8Os N =15
= e 0 < = e 90° = ——(°
E o
s -0.5 g -0.5 g -0.5 g -0.5
Z Z Z Z
-1 -1 -1 -1
-1 -0.5 0 0.5 1 -1 -0.5 0 05 1 1 -0.5 0 0.5 1 -1 -0.5 0 0.5
Normalized Input Normalized Input Normalized Input Normalized Input

School of Mechanical Engineering
Pusan National University

Advanced Robotics '-ab.




([} I_ A S o T, [x (k), YL, W, P]
Preisach 2 &1} =& 41F U (Recurrent Neural Network) i —
| |T| Y1 |Tl| Yiwy
0 M & Sl A A XX '
- 2499 M HEHOI A 2| 5| AB[ZIAIA £ | e oy o
oA 20 o) = o ol | ol L2
S A0l ZR2T TEUAS O MAY Y ol
_r . .
| o 1 Yn1 | Yn-1"na
I 1] [ Wn]
|
| ¥ Yn - YnWn
B e ETY
. Graphical Depiction of Physical Model Input & Each Elementary Functions Preisach Hvateresis Model
function10, p=0.5 3 i i_Alﬁﬁcial Neural Network
L 8. p=07 2 : Groumd Bl front eXperiment e S e e \
A i I Y () LSTMI ; :
functions, p=0.9 0% Vi | o WY nk == i i
I - T AT yi(k —8) — > 3 i
L=y |
function4, p=0.2 2 W | -‘ H / : E :
. T Estimated

putput
function1, p=0.5

>
R
ap
Preprocessing
=
2
o =
=
Flatten

H
—
function2, p=0.4 J)_
=
&
—

Weighted Sum of All Functions Dotaof 10siep [
function3, p=0.3 3 = o -
B e | = i for LSTM input
2 v, v I i
functionS, p=0.1
e P 1 Yo J0 : —_
function7, p=0.8 0 X | on
Y11 7= L =
1 Y1 | ==\ BN @
function9, p=0.6 A e S
& 2 | Ui a2,
B —— —_ O
3 : Sliding &
2 0 2 Shape dense laver

School of Mechanical Engineering
Pusan National University

@gAdvanced Robotics '-ab.




B 7|8 S| AHEIMA HY EAUCF

T

- H| M X| A 2} (Successive Parabolic Interpolation Method)E O|&3510{ 2 & 7|8 H& 2 n2[& 7
- ALFA[ZEO] 1 ms O|2HO| 7| 0| HAZF 2 Ths

(a) Mixed Harmonic (b)  Decreasing Sinusoidal (¢)  Decreasing Triangular
20 8 5F -
= = =Desired = ==Desired 15 [= = =Desired
=15 No Cnmpensauon 6 No Compensation 1ok No Compensation
= —th Cor 4 ——With C t —— With Compensation
— 10
? r r - - 5t
“du\'il'('xl (A ) 1’”‘, v(' (l\ ) 5 5 “
> b= 0 0
(7]
g° 2
(=P Sr
v g -4
est [a] -10 -6 -10
. 0 5 10 15 20 25 30 0 20 40 60 80 0 5 10 15 20
L7 Time (s) Time (3) Time (s)
- 15 . 15 , ,
P w (w.w = No Compensation i No Compensation No Compensation
P e e £ 10 [|— With Compensation 4 H{—— With Compensation 10 [{—— With Compensation
" =
Ed - c c
I: ---------------- §_ 5 2 5t
5
' l"k 7 W, (k) 3 o 0 ob
1 o
i W (k g - -2 st
i = W, (k) E
! Y2 g -10 el 10}
1 . o % . | | ] o
b 15 1 L i 1 H ! i i 1 i 1 i T I I H i |
v(k) . 45 -0 -5 0 5 10 15 -6 -4 -2 0 2 4 6 -5 -0 -5 0 5 10 1
: hd W) Desired Teuoet (mm) Desired Tal get (mm) Desired Ta1°et (nun)
1 -, -1 T 257 r
' Vo1 3 No Compensauon No Compensarxon ——No Compensatmn
: ) With Compensation 2 With Compensation 1 2 With Compensation
W, (k) 7 1
! Tn = ] - VI s AN 3 il
] n g 2 LTy fi fA. f | | 1__-,..;-.“‘,h{f..f:“,,',,,\'. 4 dil| /‘
U o T £ ‘ "lq it '.’l |1| _" ,‘ | ; il |' | FINIRAN 4||'|‘\"' rll | | PI‘|' \ 1.| | /‘ / |
T:][“IH" |I {1t 1| 1 ‘ |4 [
5 it i "”'ﬂ‘l'“ | |‘ o ‘|||| EH|| [ I"l"u. ,J
oy «fnwvwmwwwwwq T I - -
! oliphh mwmmrmw ¥
-1 ] "‘ \ V \- N[ £ .*'1
0.5 =1

A R . 0 5 10 15 20 25 30 0 20 40 60 80 0 5 10 15 20
dvanced obotics '-ab. Time (s) Time (s) Time (s)




CHE 3M Z20|M TSM2| S| AHZ|A|A Y

. BMAZO| QX U AN T2t S| AB|RIAIA W

> S8 20 72 /X0 A= 54 B2 FL0f IHE FFol X[Hi A
> YU 2S00 AHZ|of Ciet K|+ et H Y S22 OHE | B2 M2 5| AHZA[A 27| =

‘ 1 " =N > 05" ] —Single Curve: 90° |
npu .

M(I))dule —#— 1! Curve: 60°, 2™ Curve: 30°

) { i i = t nd

- = Vod o —#— 1 Curve: 45°, 2™ Curve: 45°

—— 15 Curve: 30°, 2™ Curve: 60° -

Distance
between 1st
Curve and
2 Curve

o
~
T

Normalized Hysteresis
= =
[\ w

Position of s S - .\
. 15t Curve ’ 2§ 0.1 _

e ‘I![ L DLl . 5 " d oy '. . L | L 1 L 1 L

200 300 400 500 600 700 800

1StCurveGuide-to-InputModule Distance

School of Mechanical Engineering
Pusan National University

@gAdvanced Robotics '-ab.




Z X (Antagonistic) 0| A TSML| S|AH|Z|A|A R

- 2N = ZEX0 0] 2712 TsMO| otLte| SEHE 0| AZL[0 AS M S|AHZA A EZE R EY

Multi-lumen

FBG Sensor

e Output Module
- Sheath

Rotary Eoder Insertion Tube Tendon

Input Module

Insertion tube Multi-lumen
<Output Module> Inner Diameter: 4.0 mm Outer Diameter: 3.8 mm
Outer Diameter: 4.9 mm Material: Pebax

Length: 610mm (mesh 30 mm included) | Sheath hole: 1.0 mm
Used at BF-P60(Fiber Bronchoscope) by | FBGs hole: 0.44 mm
Olympus Length: 600 mm

School of Mechanical Engineering
Pusan National University

@gAdvanced Robotics '-ab.




RF +8 7I8= S¢t =3 Y Al TX|9

Optimal Design of Local Tumor Ablation and Recycling Machine
Using Radiofrequency Dielectric Heating

4 - g"ﬁ,c School of Mechanical Engineering
‘&~ Pusan National University

@ﬁcAdvanced Roboﬁcs Lab.



N
pol
M
40
rad
N
ne
m[o
ofm
of
0K
0E
-0
rot
Sl
-0
<
El
noe
ot

== = ——=——a
Radiofrequency generator
~ and Matching box |

Radiofrequency generator and
Matching box | | Molecule

(i _ Electrode

Heating

£l Heating
chamber 7

chamber

Malignant musculoskeletal tumor

g-.'é School of Mechanical Engineering
@&dvanced Robotics '-ab. %v‘*g Pusan National University




A= SLx CFS O = &
« 770 2A BE H Aol EHUEE A 2202 Y
> EUEE2 44% S0t 2 EZO| EEHAE 59% L2
SJ’NE‘ [TT T TT T T T T I T 7T 7T T 70T T0T T T0T T T TT T 77T 77T 10T
Ratio
[dB]Ez -

80—

o \ -, fwkwvrwv Vel VAR SRV ANV i

72 Lt L iy i iy el vrg ey e Py Py s Py red ey Py iy Pl bl gl il

Level T23 123 123 $23°"123 123 123 123 $23 123 %23 123 ¥23 123 123 123 123 123 123 123 123
Parameter A B C€C D E F G B-D B'E D-E B'F D-F E-F c-G
i 160
SN / 150
Ratio 98 | &/l 140 1
[dB] \/ —
975 F 120 O
97 S L
<100 o 100
965 g 5
2 80} ©
9% | o g o : 70°C
// o o | (o8 I
955 / g 60 I e L |
;! p/ 2 [ I [) 50 |
= / a0t | = |
/ / o -
sk /) ) | o 3 s Vi : ch.1 ch.3 ch.5
/ $ o — 2nd Experiment 20 = I cn. cn. ch. | ch.2 —ch4
94+ —0— 3rd Experiment | ch.2 ———ch4 . | . T .
4 =——@— 4th Experiment 0 L | ! [ L 0
93.5 . . ; 2‘ ; . . - . - . I‘ é ; 0 10 20 30 40 50 60 0 10 20 30 40 50 60
i i Time (min
B D Time (min) ( )

School of Mechanical Engineering
Pusan National University

@gAdvanced Robotics '-ab.




ol = =

| -

Development of Active Endoskeleton System for Human Ability
Augmentation

4 < %_75 School of Mechanical Engineering
=% Pusan National University

@ﬁcAdvanced Roboﬁcs Lab.




M3 7|8 o|x QA S EoF 55 Endoskeleton A| A B 71t

=,
Lﬂq
ire
i A
FE
BT
g
L M
e
]
T

( KNu zsuee

-/

—— YAz ofay MM 7ie

=] =

KAIST B=uezies ) — A wm er=ooierze )
KV

Al Al2E R of
L As He| BH
e ————

FEEEEERES

ok
| N
i“i\;_f\;f N

3
£
5
4

v

Clustering Single-Unit Activity Spike Times

Motion command

School of Mechanical Engineering
Pusan National University

@gAdvanced Robotics '-ab.




« MA 2SSOl & 20| w2 M HHElZ d=2 JH2s &4
-> B EH ZQETLOtL 2t THE| S 2HE 2 0| Y Z 0N K= Hs 2E
> FE0[ Zol g0 et CHE|Z 1 E0| SHA 2 2 H| S 0] X[ = Medial Pivot ZHE!

[ =TI 2 —
N T|b|a°| |:||'7-| B Tibia Fixed (Neutral)

S

{f %

-50

50 4 -25

-25
X [mm] 5o S0 Y[mml

3day neu 3

H : . . . I i
25 20 -5 10 -5 0 5 10 15 20 25
X [mm]

@gAdvanced Robotics '-ab.

<CHE[Z 22 2E T SH2 HIEAHE>

School of Mechanical Engineering
Pusan National University



Kl
N
Ho

!
!
ey
Mo

7

A

> 42 BAZ Qi E

—
o

S0 Medial Pivot T+

Four bar link trajectory

-10

-20

-30

Y [mm]

Four bar linkage

-20

40
30
20

1] 10

Y prime [mm]

-10

1versl

School of Mechanical Engineering
Pusan National Un

gy

‘l
S

USRS




\ School of Mechanical Engineering
‘&~ Pusan National University

@gAdvanced Roboﬁcs '-ab.




100

50

-80

100

50

-50

-100
-100

=13
=

2|

=
o

Ct7|

0

<

RO

1versl

=)
£
~
QL
(Y]
S
[
o
)
P~
S
S
g
lw)
=
Q
S
kS,
S
(@)
S
)

Pusan National Un

@gAdvanced Robotics '-ab.






Thank you

https://sites.google.com/view/advrobot/
rokjinl7@pusan.ac.kr

@gAdvanced Robotics '-ab.

\ School of Mechanical Engineering
222 Pusan National University



