6 PEARANENERRS o _ B B

Applied Research on Robotic Aided Surgery

Prof. Qixin Cao ( EEZR)
Shanghai Jiao Tong University
July 20,2017

gxcao@sjtu.edu.cn http://robolab.sjtu.edu.cn

Contents

. 0. Introduce ME@SJTU
JR | Deokerond
~2.Development Tendency ot Surgery

’ d

f 9. Lharacteristics o Robotic Aided Surgery s e

M 4. Urthopedic dSurgical Robotics e
0.

— nterventional Surgical Robotics ———
Q. 0 Crdoscopic Surgrcal Robotics Ry

. Goncluston and Outlool

@i@iﬂwﬁﬁﬁmixrﬂﬁiﬁi
School of Mechanical Engineering, Shanghal Jlao Tong University

ZhAT EEBRERITRE (ERX) , HEIkEEL, BPERE
LR Z T R SUE o P— '

m B@EA: 5. 25FA%K
LR Ui DI PN
u SEiEEAR
u AaEi A

W S L5004 2 E

& [RUERRT Y il & U5 3304 R

s Tt 0/ A R RPN #
ill, ears

g TEmL 450/4F mE & B I32A
kB o& 430/ m FhFEAFR : T5A

CIEERD
iensnnan IR E 30 L% P TF1913F g Tk s

ISR I AHLORRY, R B A S
BARIERZ . EHIRS3H TR RR L
b, RS TUEHES . FEREOARIL. B
— B EBRSS. ERIUAENR, FHRY
BRIV, PR, $—BURTH. B
- —WERAS. B—BAETE, H—RATER
Ipmeey MEHL - R BRELHRENERNEES S
o TSR, FE19994F B 4 B I PIH— B E
o . BER. FASSWELTANS ) TRYR
. BCETERUIK, MU TR A R
LA HAR, RASABEINERT .

:
[

-
g
e

i




BEHh®, 2FELH

FHREIIIF19134F, EF*T14000° KK

" S04 LTRBL, —HAHIRER. HEK. S
LFH‘SEE RABER: RN R TR EE., TEEE

% r FERABRANIRTE WKL, EHR. 5.
b &ﬁ\ﬂﬁﬁﬁ WRE. RT3

BAEFR R BB
QERARKREE

1St |EERS—BERTES, ARIESHEARRELE
28, DNIERIEMMBFHANES, BHESH
RFLBE.

2 | RERLGAHSESROHEE 2 1
o “EBBEMMTILIRT
o “{EHMER S BN RGN EMTIE

“EREFIHFLIZT ARERERHFESEIRRMD
WELRERR), RFEHEMEBBIFNCIFTRE,

3 | T5HE FRFWEFETEREREL. PEHSREREL. H
BT ANHRBRIBA, KIFERROA, BRAHEFES
REEOAN, MEFBFEFIRGEEOA,

FIRMABIMI0N, HPERIR23A.

EFRATIHRIER
] 6A KiIPEHRE/ HERR 18A
FAitH 13N HFEFA 5A
IIBHEHRER 6N LE@\ETFA 8A
AHEFRRIREGE 14N FEREAF 1A
ESZOIHHE 24 fiF T FEEEREE 6A
2 YN FHOCETAATIE 1A
MRERER. MEAF 5A R4 7 3N

I ERREATRE
4 | enmFssFNEREATRE

o MM T BHIFAER TETIE.

MRS MARER TETIRE (L)

o RE A RS E AT
SAEERER (TFE) SLIEEMITREGD M ERZXFEE

NANHE TRLEDERLNE RERBIZEE
AREfEABSHAHFBIEHRE D RETRERE

LETERWREMBFEMEERTIRE RENARRE
LiEmMEHESEIMEREERSTIRE RN ER

LEEBITEEATR DL BREASESTIERE DL
LB E R ERRRE




54& | 20155 HMEBBKTIE5Z, H2006481 T 200%,
+EE, FRELE-ERPORGER,. LRI

- FERERMFERIRIRE

—. BERERBFSFR

MR ERE RN SERMMERNIEMAR B TE
SFERHLER AR 5 RERITHEC LR
HREHRITHRIC R AR IR LR S R BB R B EH%
IR XA MHIE, EFAERARITERIS it &
=, ERBERARA-FR

ARREZRAS B E SRR Efr &
=. ERBEHS —FR

<TUNBRAEURBENXBEAFR, FREHMA T X%
WEREUHMEBREFEREEARAEES HER #

- E MR RERNRFLIZRITEESER HBR %
e

30& EXEBERAS, THERE, RRGSEALEE
30% | somekiTmkEAEDS, BB LERE. 3

HEHREARR, TETRAERBERA (BHE, ik
TRE, BHESIESE) , HEHIA30%.

I+, 4300 AREENSMERZRZRERN
. FREXEFRA EFEIELS50IR,
AR FFREHBEFENBAN, ZFE294A,

IR EERSFEFARD M

St FR0FTE R KRFRI THRESEESFITI,
SEMERBECE TR, ¥ 5¥MEIN BRER THL

L] [T
LOTEIR - - .
o Samman M P it T
-' :|:_:'=“ L TAT uzwgeTas BHoy =wmea i E
- a
P —
AT =@ msTEAr S -]
CEENT iy AR T [
E MR LR RS -
Aol FOMT TR = MEAERE
e — [t SR
T =M

)Ikﬂ.ﬁll Swidl

2015/EEARERILEI.6% , B THHEWIIOZRI3.1% ;

BRERRLITHEID 164 , BRITISIEEM200RF ;

BEERERTI. XBREER. HR50038/MEIHRIER60RT ;

AR2E. SERLMINE | BERERHR50052EWA NEFSEBEFERIE
ESI ;

ARERLEENHRLRESENS , SN TIEFRESKI0NMRER , iIH6FH
SRABERE—HMLRRITFR

2011-201GSE@F R (B 4= W& ) ME b Gl I S i S b
AR AT
ML
R 0 2n LTENTRT
. B R D e RRAE
B P

TR, dEEEE
CLT L ERTWEA [T

amE i
(LT LY TR
™

aahe. KR RELEE
A

M e




Contents 18 8 ©O— sagoun 1

Chinese annual sales of robots is running first in the world for four consecutive years
oduce ME@SITU Governments and departments are putting the robot industry development first place
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2 pa Increasing demand for minimally invasive diagnosis and treatment procedures, growth

o e e R habits and the unhealthy lifestyles, alcohol consumption, and the lack of physical
exercise on the urban population, all these factors have greatly increased the incidence
of surgery; thus surgical robots will be another big share in robot market cake besides
industrial robot.
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The health care market will

exceed 10 trillion by 2020: Medical instruments : Medicine
: Y
annual growth rate is over 20% Y, N China : 1:3
for medical equipment and over * L Developed Countries 1:1
30% for surgical robots | ¢ ,,’ Surgical Navigation :
Bull market for medical \ Surgical Robots /! USA 4000sets China 150sets

industry in next 15 years Surgical Robots :

# Hospital privatization USA 3000sets China 62sets

4 Hospital independency Advantages :

¢ Population aging - - Higher precision, less blood

@ Diagnosis and treatment loss, avoid damage from
decentralization hand shake, better safety for

* TeIemed{cme popularization “Health China 2030” both doctor and patients,

4 Medical instruments

Chinese healthy development higher surgical efficiency, less

intelligentization
g guideline for the next 15 years workload etc.

& Product localization
"2016-2020 China Medical robot industry depth research and investment prospects report” from CIC said that, the global medical robot industry annual revenue
had reached 7.47 billion US dollars by January 2016, and is expected to be stable with compound annual growth rate of 15.4% in 5 years; the market size of the

global medical robot is expected to reach $ 11.4 billion by 2020. Among them, surgical robots accounted for about 60% market share. Medical robot market
focus will be gradually transferred from North America to Asia, and China's industrial development can be worth expecting.
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SURGICAL ROBOTICS TIMELINE

daVinci SANBAGR
Btim+4E

past, analysing Surgical robotics Timeline

Paula Gomes C: Park, Milton Road, Cambri v, UK
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In 1985, Puma 560 industrial robot was used to try to assist in brain biopsy in UAS, which could control
neurosurgical biopsy accurately. Itis the initial prototype of the surgical robot and exploration. In 1988,
Puma 560 was used in prostate surgery, and it contributed to the emergence of PROBOT, which was a
system specifically designed for prostate surgery. It is the first surgical robot to be used exclusively for

surgery.




The technology of the DaVinci
Surgical Robot was derived from
the Stanford Institute (SRI) with
the official background. At the
end of the 1980s, a group of
scientists started the R&D of the
surgical robots at the Stanford
Institute, which was intended to
develop a robot for battlefield.
The real name of the DaVinci
Surgical Robot should be
"Endoscopic Surgical Instrument
Control System®, and is the most
successful and widely used
surgical robot in the world.
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® MIS offers many advantages over the traditional surgery methods.
® The surgical robot is a cross-study of medicine, robotics, mechanics, biomechanics, computer technology and

many other scientific research works, its ultimate goal is not to replace the surgeon, but work as an auxiliary tool
to expand the doctor's surgical ability, improve the quality of surgery, and reduce the intensity of the doctor's work.

3,% ﬁﬂ 0—0 Main characteristics -&L

The tomographic image or 3D CG is displayed on the computer, and
the scene of surgical site is displayed on the CG in real time during the
Computer  operation. A more advanced technique that correctly overlaps the actual

Aided space observed by the physician with the virtual space information to

Surgery construct an augmented realistic environment for the navigation of the
surgical operation.

\ The three-dimensional construction information of the organ can be

Surgical obtained by X-ray, MRI, CT and other measurement techniques, and the
Navigation 3D model of the object can be established. Combine functional and

anatomical information together with the model, the surgical integrated
‘ planning and navigation can be established with previous surgical
simulations.
. Surgical planning information can be used to assist the doctor to
Surgical Tele- gwea p ¢

control mechanical system and the instruments for high-precision
surgical operation and remote surgery. The teleoperation is not a simple
physical separation, but also extend the physician's arms to regions that
can not reached normally.

Instruments Operation

3.4% %ﬂ 0—0 Main characteristics -&L

Surgical instruments

Navigation assistant positioning
p lication Active surgical forceps
Treatment Master slave manipulators
Passive Surgeon’s action restriction
and correction
Operation

Active  Generate active force to act

Preoperative planning ~ The 3D position
data constituted by the preoperative image detects the

lesion, guides the surgical instrument, or performs a
resection

Intraoperative operation Auxiliary device
for surgeon during operations

Categories

Control
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Prof.Qixin Cao’s research team from SJTU, UEG Medical Group Ltd. and Shanghai Ninth~ |
People’s Hospital together developed the Surgical Navigation and Planning Seftware——




4.&%9"*4 o—. Orthopaedic surgery

SJTU Robolab V-I SJTU Robolab V-II

Prof.Qixin Cao’s research team from SJTU, Fuer robot Ltd. and Shanghai People’s
Hospital cooperated to develop the Spinal surgical robot system

4,2’*29'\*5'. o—. Orthopaedic surgery '&L

* Virtual assistant navigation : Outside accessing pose adjustment is much limited by surgeon’s judgement and
determination, which may cause instability, inaccuracy and inefficiency for intraoperative robotic operations.

» Feasible and convenient method: Realtime virtual extended navigation lines along the instruments based on
obtained CT images can greatly help the decision making process for surgeons.

« Feasible/applicable
« Convenient
« Efficient

» Attracting ongoing method: Augmented reality (AR) based navigation will greatly help the decision making
process for surgeons.

4.&%9"*4 o—. Orthopaedic surgery

* Previous prototype for robotic assisted spinal surgery
] : o

— W.Bai, Q.Cao et al. Force Control in a Robotic System for Spinal Surgery. ACCAS 2014
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® Robotic assisted spinal MIS:

improve precision, efficiency, safety, stability, ergonomics etc.

® Master-slave teleoperation:
avoid radial damage, real time adjusting and accessing

® Specialized and miniatured design:

clinic friendly, clinical applicable, easy to control and use
® |mage processing & AR assisted:
achieve advanced planning and guidance / navigation

o

Surgical robotic system architecture Robotic control algorithms scheme
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*  Maser-Skave surgical mbot syelem for spinal shiation mupery
BDOF parallal kit + 200F guids rall + 2D0F revolute joit + 1DOF Instnament

tnanpesEtie:
e tele-adinsiment

T scanner

Circular guide rail
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* Manipulability or dexterity of the parallel robot’'s moving plate varies as the height
grows within its arrange, and shows a similar parabolic trend.

g ». i‘fm 121 107
104
Method: . g
miniatured %
6=
parallel robot hi
. 4
analysis
2
| 0 )
0 20 “OneicHT/M
maffrumcf), b} = 10.7

A AW =F; S0
- R @y : the max. of the tilt angle @) of the moving plate
60— REB)/ 2 — e : the height or center distance between two plate’s center

4.&%9"*4 o—. Orthopaedic surgery ﬁi

« Remote center of motion control for the front-end of the instrument, which is the most
important procedure during the intraoperative teleoperation adjustment.

RGM Crientation

ki e

ow o m3

[} 1000 E ] =0
Fesdammn

1.The miniatured parallel robot can just offer
fine tuning for the end orientation of the needle.

2.The feeding or approaching process make
the orientation adjustment more and more
limited and difficult.




4-%%9"&'- 0—. Orthopaedic surgery &L

Method: virtual assistant navigation

» Outside accessing pose adjustment is much limited by surgeon’s judgement and determination,
which may cause instability, inaccuracy and inefficiency for intraoperative robotic operations.

» Feasible and convenient method: Realtime virtual extended navigation lines along the
instruments based on obtained CT images can greatly help the decision making process for
surgeons. Insdrurnenl onenblsan

adjustment

vt proadin point
- « Feasible/applicable

« Convenient

. - Efficient
\‘\‘_ ., - N

» Attracting ongoing method: Augmented reality (AR) based navigation will greatly help the decision
making process for surgeons.

Spinal Surgery Robot System
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Clinically specialized robot system and experiments
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Preoperative extensive adjustment Intraoperative fine tele-adjustment —+ Surgical insertion
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(™3 Characteristics of Robotic Aided Surgery [
B Orthopedic Surgical Robotics [
__7 Thrombosis is the formation of a blood clot inside a blood vessel, obstructing the flow of

El et sk il o dhohing vyl el sl

6. Endoscopic surgical Robotics HE—— blood through the circulatory system. Interventional therapy uses modern high-tech means
: of'a minimally invasive treatment, which guides wire and other sophisticated instruments
-boncfuston and Uutioo _ like special catheter under the guidance of medical imaging equipment into the body and

conducts body pathological diagnosis and local treatment.

5-ﬁA$%ﬁ 0—0 Interventional surgery

Robotic angiography system for 30 mapping of blood vessels during
vascular surgery. (Courtesy of Siemens AG)

Intervention process are conducted under the guidance and supervision of imaging
equipments, which enables accurately accessing to the lesion directly to the local,
without large trauma. Thus advantages like accurate, safe, efficient, wide indications,
fewer complications have make it the preferred treatment for many diseases.




5-1})\?% 0—0 Interventional surgery

5.ﬁA$ﬁi’ o—O Interventional surgery '&L

Cardiovascular minimally invasive interventional robotic system mainly includes catheter/guide wire
propulsion mechanism, propulsion mechanism of the auxiliary positioning device and propulsion operating device.
Propulsion mechanism is the core device for interventional robots.

= 7 5 ; -
The Magellan Robotic System Propulsion mechanism from Imperial College London Propulsion mechanism from Kagawa Univ

5.ﬂ)\$ﬁ]—' 0—0 Interventional surgery e

Prof.Bo Yu's team from Fudan University Affiliated Pudong Hospital developed the
domestic remote digital vascular interventional robot and completed animal total cerebral
angiography successfully

5.ﬁA$%ﬁ 0—0 Interventional surgery -

@ Fiirg i ReFd

e

"

RURL

M-

w_upEnRre

Prof.Qixin Cao’s research team from SJTU and Shanghai First People’s Hospital
developed Laser venous closure assistant prototype
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G.W*ﬁ,ﬁﬁ;ﬁi 0—0 Endoscopic surgery

> Laparoscopic surgery
Cholecystectomy, Appendectomy. Gastric 01
perforation repair, Liver cyst fenestration,
Splenectomy, Drainage of hepatic abscess,
Ascites checking, Neoplasm recurrence

> Thoracoscopic surgery
Diagnostic surgery afid-Curative———— 02
surgery : pleura, lung, Mediastinum,
Pericardial disease, Thoracic trauma,
Esophageal disease

> Gynaecologic surger
Hysteroscopy, Peritoneoscope, N\
Colposcope 03

Urology surgery

Endoscopic
MIS

Bladder cutting, Ureteroscope,
Percutaneous nephrolithotomy

> Arthroscopic surgery

04

6.AfRIEFHT ©O©——e Endoscopic surgery &L

l Brief summary based R&D experiences: key technical aspects
Configuration Clinical
synthesis of slave °°"’ surgical experiment
surgical robot manipulators ) and
Ergonomic and forceps WI.th S
enough dexterity
design and o Medical
system manipulability instrument
integration certification

G.W*Eﬁﬁ?ﬁi o—o Endoscopic surgery

r

\4

Multi-KeyHole Endoscopic Surgical Robots Development History

In 1994, Computer Motion Company from USA developed AESOP-1000,
and released the improved version AESOP-2000, AESOP-3000 later.

In 1995, IBM Developing Center and John Hopkins University from USA
cooperated and developed HISAR and LARS, LARS used the remote
center of motion mechanism(RCM)

In 1995, NASA and MicroDexterity Inc. developed MicroDexterity
In 1998, Computer Motion Company from USA developed ZEUS

In 2000, Intuitive Surgical Company from USA developed da Vinci Surgical
System and got clearance from FDA in 2001. It merged with Computer
Motion in 2003 and combined the technic from ZEUS, then developed the
current Da Vinci series

In 2009, DLR from Germany developed DLR MiroSurge, which realized force
feedback in the tele-surgery by installing six-axis force sensor in the forceps

In 2012, seven universities in USA cooperated to develop the Raven surgical
robot system, which realized distributed system based on open source ROS

First Robot assistant
MIS system
First got FDA Clearance

RCM

First Master-Slave
Teleoperation surgical
robo’ystem

First General Type MIS
robot system
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-

In 1996, Computer
Motion Company
developed ZEUS and
got FDA clearance in
2001. And it was
stopped production
until the Intuitive
Surgical Inc. and
Computer Motion
Inc. merged in 2003.

\

AESOP (Automated Endoscopic System for Optimal Positioning), is the world's first endoscopic
minimally invasive surgical robot developed by Computer Motion in 1991. In 1994, AESOP1000
surgical robots got the clearance form US Federal Drug Administration (FDA).

6.AREBEFiHT 6.NRIEFHT ©O©——e Endoscopic surgery &L

da Vinci system launched by Intuitive Surgical Inc.in 1998 become the most successful case for da Vinci Multi-KeyHole Surgical Robot System da Vinci Single Port Surgical Robot System

multi-keyhole surgical robots: technical development, clinic application, marketing
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3 — =
da Vinci® System Installed Base

Annual Worldwide Procedures

[T p—
2009 201 w011 w1z

JEERRREE

2
- |
o wia 2015

BUrology BGynecology @ General Surgery @ Other
— AT
By Feb.2016, the total number of installations in the world reached 3745, and

58 in China( 62 by Jan.2017)

]

In 2015, the a r of surg da Vinci reached 620,000

G.W*Eﬁﬁ;ﬁi o—. Endoscopic surgery
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In 2005, Washington University, UC Santa Cruz and other units together developed Raven
II system, and they have released Raven IV. It is more compact, portable and cheaper than
da Vinci system.

6.Wﬁ$ﬁ¥ﬁ]—' 0—0 Endoscopic surgery ﬂi

In 2006, Nagoya University(Japan) developed the Hyper Finger system. Its manipulator is small, which
can be used in a small or deep space for surgery like ENT and esophageal surgery.

In 2008, Waseda University(Japan) developed a robotic system that could operate on the beating heart that
was placed on a 6-DOF parallel robot platform to simulate the beating of the heart.

In 2010, Tokyo Institute of Technology(Japan) developed a surgical robot system that achieved three-
dimensional force detection based on pneumatic servo drive technic.

G-W*ﬁﬁ;ﬁi 0—0 Endoscopic surgery ﬂi

el e

Titan : Amadeus Robotic Surgical System —

TN

TransEnterix : TELELAP ALF-X Washington Uni : RAVEN

DLR : MiroSurge

Front Key Technologies for Multi-KeyHole Surgical robots:

Ergonomics Design Open endoscope Haptic and tactile feedback Distributed layout

Instrument repeatability OQverall y Eye following control Open framework
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Tianjin University and Tianjin Medical University together developed microsurgical
robotic “MicroHand” system

G,W*ﬁﬁﬁ;ﬁi 0—0 Endoscopic surgery '&L

Endoscopic surgical robot developed by HIT Univ.

6.NfRIEFAHT ©O©——e Endoscopic surgery &L

-1 A % 2
Endoscopic MIS system by BOSHI Ltd.

6.NRIEFHT ©O©——e Endoscopic surgery &L

T i |
B

Highlights

® 3D display with naked eyes

®  Eye tracking and control

® Componentized and collaborative
control

#®  Virtual fixture

®  Arm driven without wirerope

#®  Simulation and distributed control
with ROS

#®  Ergonomic design

Prof.Qixin Cao’s research team from SJTU , Jinshan Group and Prof. Pan from Shanghai

Second Military ---- jointly developed “JiaoLong” Surgical Robot System
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Experiments with the Multi-KeyHole MIS system “JiaoLong” from SJTU Prof. Cao team

G.W*ﬁﬁﬁ*ﬁi 0—0 Endoscopic surgery

« Proposed the novel ROS + RTC robotic control system architecture

Master Side

Slave Side

SEE

[ o ' l

i

e

i~

G.Wﬁﬁﬁ¥ﬁi 0—0 Endoscopic surgery

« Performance test for the proposed the novel ROS + RTC robotic control system

Master Slave TeleOperation Single
Trip Time Delay Average Value:

o 23.6ms
F * RTC Communication Round Trip
: Time Delay Average Value:

24.4ms, Single Time Delay: 12.2ms
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Hand eye coordinate master slave control

Virtual fixture security mechanism
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Single Port Endoscopic Surgical Robots

In 2009,J.R.Romanelli and D.B.Earle from USA developed a surgical device that got three access through
single port. It needs manual operation.

This kind of manual
devices belongs no
longer to Single Port
Robotic System
currently.

In 2009, C.Ishii from the school of engineering at the university of Chicago and K.Kobayashi from Toyota
Company developed a kind of manipulator using rotation and DSD mechanism.
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Overseas Researches of Endoscopic SPS Robots
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SPRINT CRIM Lab, Scuola Superiore Sant’Anna, Italy ~ N. Simaan and Xu Kai, Columbia University Imperial College London, UK
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Domestic Researches of Endoscopic SPS Robots

HIT, Flexible joints with superelastic Nitinol alloy pipe

Tianjin Univ. and Tianjin Medical Univ. modularized flexible joint design
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Domestic Researches of Endoscopic SPS Robots
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Researchers in SJTU developed SURS based on robot prototype built in
Columbia University
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Domestic Researches of Endoscopic SPS Robots

Prof.Qixin Cao’s research team from SJTU, Prof. Fujie from Waseda University and Renji Hospital
developed the “JiaoLong” SPS Robot System
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A Novel Optimal Coordinated Control Strategy for the Updated Robot System for SPS
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fa) the imitial state of the hands (b) the reference criterion configuration that open like human am
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——The International Journal of Medical Robotics and Computer Assisted Surgery

“JiaoLong” SPS Robot System form SJTU and Animal Experiments
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“JiaoLong” SPS Robot System form SJTU and Animal Experiments

Contents ﬁn

. 0. Introduce ME@SJTU

g 1.Background

~ 2.Development Tendency of Surgery

 3.Characteristics of Robotic Aided Surgery

mm 6.Endoscopic Surgical Robotics e




7.%%& EE 0—0 Conclusion and Outlook ﬂi

s

Gone|ysions

BREHESORBEBLICHE-T, BOFREE, BHKRBELEM
Market U+ ERBEZROTEANRBLTOET. SRISFHMISFRINES
Egﬂiﬁ?ﬁo?ﬁ%(:&éﬁéi ERFMAORY FORATE
DEETY

T4 oFLSBFMORY ME, HEFRE. Bigh

Status BEVATLOKELF, THERSCEATEFHA, B

EOFHORY FORETENT. 2EKDS T4 Fz—1y
PHEADREIZHE>TVET, .

EFE#BOA LTIV, 2y bT—F25 Ey
Opport . JT—HIE. BREECEVELESERTVET, 4 -
ity UAYFEROKY LY. RBREOEL. EEEVETA
FHORY bE. BRAFHORY bE, RERFHFOARY b
OEBRAME LTRBINETS,

Strengths RERFHORY FOWMEIZDONT, HEELHEEE DEAT
EZExHFYLBVTTN, dETOBRK7 FU5—2arTF—420
BMNZW, COFRNRBEINETELELCTOLET, .

Thank you !

ATLET—2a UPPTENOXERK. AEH. ERTE. BRER, FHfH o CHADS BB LET !




