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TUCN’S STRENGTHS

Regional dimension

TUCN is recognized as a highly qualified human resource provider for the
Northwest region of Romania through its 2 main campuses and 4 subsidiaries,
providing multiple links within the regional innovation and entrepreneurship
ecosystem for a connected social and inclusive HE system.

Innovation and research
TUCN is on the third position in terms of funds attracted through the Horizon
2020 and Europe programs, among the 48 state universities from Romania.

Trust and reliability

In 2023 the Romanian Agency for Quality Assurance in Higher Education,
awarded the institution the “Highest Degree of Trust in HE”. In 2019 TUCN
received the status of international university of excellence (4 stars), following
the external audit conducted by QS Stars Rating System (UK).
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UNIVERSITATEA TEHNICA

DIN CLUJ-NAPOCA

CESTER

Research Center for Industrial Robots Simulation and Testing - CESTER

Innovative development of intelligent robotic systems
Medical robotics, Tele-robotics, Service robotics
Mathematical modeling

Advanced control and
automation

v’ Surgery
Medical Collaborators: ¥ Oncology
v Urology
v Medical rehabilitation
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CESTER

Applications in Medical Robotics - Achievements

v’ 15 Patents and over 20 major national and international Research Projects in the medical
robotics field.

10/7/2024 7




CESTER

Overview of Medical Robotics

Consistent with the Multi-Annual Roadmap, there are three main subdomains that can be
approached in Medical Robotics:

 Rehabilitation robotics - robotics for rehabilitation and prosthetics, whereas the
increased life expectancy and the growing number of elderly persons make it a highly
potential domain.

* Clinical Robotics - robots for surgery, diagnosis, and treatment robotics, where a
common characteristic refers to the minimal invasiveness of the procedure.

* Assistive robotics - specialist support and assistive robots whereas the most relevant
challenges refer to systems for carer support, patient manipulation (lifting and
displacing), and biomedical and laboratory robots for medical investigation.

10/7/2024 8




CESTER Achievements in Rehabilitation Robotics

CESTER

Robotic rehabilitation: Why and How?

» Stroke is one of the major diseases which targets especially the elderly population

» Cerebro-vascular attacks (stroke) have a 75% survival rate, one year after the
incident 1.1 million suffer a stroke each year in Europe alone

» Stroke incidence will increase with the increase of average life span of the
population

» Most common stroke sufferers are people aged 65 and older

» 80% Stroke survivors suffer from paresis of the upper limb

» Inless than 20 years the medical system will be unable to supply sufficient medical
personnel to attend stroke patients;

» There are very few devices specialized in the acute post stroke rehabilitation.

Blood clot lodges in "
cerebral artery, causing |
a stroke g

A\

Blood clot breaks L
off and travels < !
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Diseased | §¥
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”

Normal
carotid
artery
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: ) t Number of
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caregivers

589.000 people are left with post-stroke disabilities
every year in Europe, 75% continue to experience
upper extremity functional limitations even 15 years
later.

Most institutions and the population at large cannot
afford to access available robotic assisted
rehabilitation solutions,

Shortage of caregivers (United Kingdom approx.
77.000, France approx. 19.000, Belgium approx.
7.500),

Proposed solution

ROBOTIC SYSTEMS which allow physical therapists to develop patient-oriented
rehabilitation programs that can maximize the therapeutic effects aiming towards an

increased quality of life in the framework of Activities of Daily Living (ADL).

10/7/2024 10



CESTER

THE REHABILITATION ROBOTS FUNDAMENTAL

REQUIREMENTS
Adequate control Modularity Compactness and flexibility

FAIL SAFE MEDICAL ROBOT

10/7/2024 11



UNIUNEA EUROPEANA

INNOVATIVE APPROACHES REGA
ROBOTI

ROMANIA
DUBLICAT

ELIBERAT IWVENTATORULUI
inbazn A3 aie

o Lo e A1 repusican

OFICIUL DE STAT PENTRU INVENTI SIMARCT

BREVET DE INVENTIE

Nr. 132233
conda I nmuid Lol or 641521 L -
Morsis Cicas al Rmni, Parien | s 61,6 16 august 2014

. UNVERSITATEA TEHNICA DO CLU-NAPOCA, CLUHAPOCA, €
o

Tid e RIOBOT SFERIC PENTRL AECUPERAREA WEDICALA A
ZONEI PROKIMALE LA NVELUL MEMBRLLL SUPERIOR

veesmions WADR LIVA) CALW, COMUNA FLORESTI G, RO/ PUITEA
W a0

PlSUA DO LIANA.
EPOE. VENAFRO, 1T
POGA 4 RD: LUNIGH
FiSLA  ABRIAN

L,

BisTRIT
CLUHNAPOCA. C1. RO

PR ——

ROMANIA
DUPLIGAT
ELIBERAT INVENTATORULUI

T baza A 34 s 2)
0 Logaa o BE/101 renedcals

OFICTUL DE STAT PENTRU INVENTII 51 MARCT

BREVET DE INVENTIE
Nr. 132234

coedal I it Lagh o 841991
Mo Ofis 3l Ao, Farsa |

Tihisr | UNVERSITATEA TEHNICA D
)

MEDICALA A MEMBRULLI BUPE|

Tild irvente SISTEM. ROBOTE PARALEL FENTRURECUFERAREA
RIGR

Invendativi  GHERLAN BOGDAN GECRTE APOCA, G RO PISLA
DA LIANA, G ch, PUITER MCOLAE

CULENAPOCA, G 80: VAIDA LWL GALI,

C1, R0, GARBONE G MAFRO. T P

ADRIAN, CLUFNAPOCA, C.. R: BANICA ALEXAMDRU 11

BAIA WARE, MW, RO

5.

o4 .y erhce o ot s s rotenrga I scuBtea 15
arid 31 prasamss et o e
a e verte esi de 20 4R, u icmgrs 34 4 0

- mantrars I vgoare n hrevea

o 1aea

Patents

ATTESTATO DI BREVETTO PER INVENZIONE INDUSTR

e

Q Winisisi bl Sk e Eoovcrniv

reion gonsrsis par 1 ek 341k eopeiat ndusriala

o
perie mumgranin i

CESTER

Instrumente Structurale
2014-2020

RDING REHABILITATION AND ASSISTIVE
CS FOR HEALTHY AGEING

ROMANIA
i DUPLICAT
ELIBERAT INVENTATORULUI
i baza A3 e

i Logen e G471 16618118

OFICIVL DE STAT PENTIU INVENTIL S| MARCH

BREVET DE INVENTIE
Nr. 133815

et L 521901 v Eravaisie i repusiasts I

Aorsat
Ve DR S Rdens Parma 1o 013 15 a

INELU NAPOCA, CLUINAPOSA, C1

TN

wer UNVERSH
o

IPERARER MEDIGALA A

ik ks RCHOT PAGALEL PEMTRI
ol MEMBRELOR RIOAHE

Invanisiai

A CLUMNAIDGA, Gl HO; GHERMAN
 CiNAROCA £ RO HADS

e Sooanulal 63 3 s roformA T acesies

5 e

.21 0 nepero doa daia de 2TNG
igate e

ROMANIA

Dirscior
DUPLICAT Marian - Catsn BURCESCU
ELBERAT BVENTATORULU L
In s A 3 i 21 /
11 Loge 1841901 ogubleens

L DE STAT PENTRU INVENTL §1 MARCI

e

Sucursp Dax ol

BREVET DE LN\{EN‘;' TE
Nr. 133814

SO 4 VLA L8 IO A e e e, e
Worviced Ocls! l Ramibosd, o | 0¢ 515, 6 19 9ug

P Gt 2014

Thar:  UAVERSITATEA TEHMICA DIN CLL MAOCA. CLUINAPOCA €,

Tl oo ROBOT PARY

UALEL PENTRI RECUPERAREA MOBILITATII
MEMERULU NFERIOR.

CALIIU GAL S COMUMA FLORESTICJ.
GhE, CLUMAROA, C
CAREONE GASERS o T, FUTEA MICOLAE,
w0t € o

invertel v

coperade
1 el ) vl sl 8ot gt 3 bimyebin

Busese, Dats stbersrs Zonmacan

10/7/2024 12



<

Instrumente Structurale
2014-2020

CESTER
UNIUNEA EUROPEANA
Research results: 9 (nine) new robotic structures
No. Name Targeted limb Targeted limb areas Robot architecture Development stage
. Spherical robot with
1 ASPIRE Upper limb Shoulder and elbow B Prototype
2 PaRReEx Upper limb Elbow and wrist Modular robot with Prototype
parallel structure
3 ReExRob Upper limb Elbow and wrist MOdlfIar robot with Concept Design
serial structure
4 RAISE Lower limb Hip, knee and ankle Modular robot with Prototype
parallel structure
5 RECOVER Lower limb Hip, knee and ankle LRI ALE T Sl Prototype
parallel structure
6 CUBE Lower limb Knee and ankle Wire-based modular Prototype
robot
7 DualEx Upper limb Elbow and wrist Dual-arm exoskeleton Mechanical Design
8 CableBot Upper limb Elbow Wire-based modular Concept Design
robot
9 RAISE 2 Lower limb Hip and knee Spherical rol?ot with Concept Design
parallel architecture
10/7/2024 13
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From Theory to Practice

Prototypes of Robotic systems for post-stroke rehabilitation

AgeWell

10/7/2024 14



CESTER

Upper limb rehabilitation robots

ASPI RE Parallel rehabilitation robot based on a spherical architecture:

e 3-DoF robotic system for:
+* Shoulder flexion/extension, abduction/adduction
+* Forearm pronation/supination

e Modular design

e Subject to clinical trials

Pa rRe E)( Parallel rehabilitation robot with two uncoupled modules:
e Elbow module with 2-DoF for:
+* Elbow flexion/extension, abduction/adduction
e  Wrist module with 2-DoF for:
«* Wrist flexion/extension, abduction/adduction
e Modular design
e Subject to clinical trials

10/7/2024 15




CESTER

Development of ASPIRE robotic system

Kinematic scheme and CAD simulations

V4
M,(motor) . "
Possible motions

S Sphere center/
Ny Shoulder joint

;
Py ={¢§ z gc%g}
22 Rein(g,) P =[Xp Yy, Ze]

M, (motor)

Trajectory y(Rot OZ)

/

X, = Rcos(q.)
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Final design

Clinical trials
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CESTER

Development of ParReEx wrist and ParReEx elbow

Kinematic schemes CAD models simulations

10/7/2024
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Health

Exclusion criteria
Age (>80):24
Respiratory deficit:11
Heart condition: 18
Severe spasticity: 16
Paralisya:8
Cognitive impairment:9
Other:11

Clinical trials

Screened Patients (n=120)

Clinical trials (n=23)

Inclusion Criteria
Age:18:80
Stroke, Parkinson, ALS
Neurological disease :2+24
months
BS:3:6
MMS5:18:30
MAS:1,1+,2

Extrapyramidal
group (n=6)

Bilateral deficit
(n=6)

Left side deficit

Right side deficit
(n=6) (n=6)

Conventional Physical Therapy
Left arm (n=17)

Neuromuscular
group (n=5)

Bilateral deficit
(n=5)

DATA ANALYSIS

Robotic Physical Therapy
Right arm (n=17)

= 8- & &

10/7/2024
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CESTER

Clinically tested robotic system

24 patients
feedback

50
clinicians
feedback

wrist

Clinical
trials

elbow

10/7/2024 19



Clinical validation — proof of feasibility

24 patients

Clinical study

» International Journal of
J Environmental Research m\ 1
4 and Pubfic Health

Artide

The Impact of Robotic Rehabilitation on the Motor
System in Neurological Diseases. A Multimodal
Neurophysiological Approach
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Abstract: Motor disability is a key feature of many neurological diseases, influencing the social
roles of affected patients and their ability to perform daily life activities. Current rehabilitation
capacities are overwhelmed by the age-related increase of motor dysfunctions seen, for example,
in stroke, extrapyramidal or neuromuscular diseases. As the patient to rehabilitation personnel
ration increases, robotic solutions might establish the possibility to rapidly satisfy the increasing
demand for rehabilitation. This paper presents an inaugural exploratory study which investigates the
interchangeability of a novel experimental robotic rehabilitation device system with classical physical
therapy, using a multimodal mumphysiologica] assessment of the motor system—quantitative
electroencephalogram (EEG), motor conduction times and turn/amplitude analysis. Preliminary
results show no significant difference between the bwo methods; however, a significant effect of the
therapy was found on different pathologies (beneficial for vascular and extrapyramidal, or limited,
and only on preventing reduction of joint movements in neuromuscular).

Keywords: robotic rehabilitation; phy sical therapy; stroke; Parkinson’s; ALS; qEEG; motor conduction
time; turm-amplitude analysis
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CESTER

Agewell clinical trials — patient testimonials

Stroke recovering patient statement after receiving robotic rehabilitation with the ASPIRE system:

“Today | was asked to fill in a form stating my opinion regarding the robotic system that I’'ve been exercising with.
But | am a simple man, and | don’t know much about technology so it’s hard for me to answer all those questions.
But | can tell you this: | had a major stroke five months ago which left me with severe hemiparesis and since then |
was unable to do many things around the house. But most of all | suffered as | was not even able to hold a pen in
my hand and write down my name. After three days spent here with you, | succeeded in signing a form to request
to vote for the elections from inside the hospital. So, for me this is the greatest achievement after | had my stroke
and | thank you for this.”

(Anonymous patient)

Rehabilitation exercise performed on male
patient (back view capturing the patient
position with his arm stretched).

10/7/2024 21



CESTER

Agewell clinical trials — patient testimonials

Stroke recovering patient statement after receiving robotic rehabilitation with the ParReEx system:

“When | received the call from the doctors asking me whether | would like to test a new device that would help me
in the rehabilitation process | was kind of happy and considered myself very lucky. Going inside the treatment room
and seeing the device, my first question to the people in there was: is this from Germany? | was happy to find out
that it was made in our city, in Cluj, because it was functioning so well that it could have been also from Germany.
I’'m glad that people here are thinking about us and are working to find ways to help us get better, so | told both
doctors and engineers: | hope I'll see more of these soon also in other hospitals.”

(Anonymous patient)

Patient during rehabilitation with ParReEx
elbow (top view capturing the patients’
lower limb mounted using the anchors).

10/7/2024 22



CESTER

Lower limb rehabilitation robots

Parallel rehabilitation robot with two coupled modules for

RECOVER gait rehabilitation.

e  3-DoF parallel module for:

X/

¢ Hip flexion/extension
+* Knee flexion/extension
e  2-DoF parallel spherical module for:
+* Ankle flexion/extension, inversion/eversion

e  Modular design
e Under development

RAISE Parallel rehabilitation robot with two coupled modules for
lower limb rehabilitation.

e  3-DoF parallel module for:
¢ Hip flexion/extension, abduction/adduction
+* Knee flexion/extension
e  2-DoF serial spherical module for:
+» Ankle flexion/extension, inversion/eversion
e  Modular design
e  Ensures patient safety and ergonomics

Tested in the laboratory

10/7/2024 23
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Development of RECOVER robotic system for lower limb

rehabilitation

Kinematic scheme

. O y.w)

— O3z P35 O3,
— Paxs u’4y! Pz
[

[ 4

qQa

a) § b)
CAD design

Sp!'lcriunl v
-screw/nuts JoInts

Counterweights

Fixed frame (patient's'bed)
N Timing belt transmission

/Knee/hip module
N

Actuation motor

Actuation motor Robot base (fixed platform)

Prototype
development
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Development of RAISE lower limb rehabilitation system

Kinematic scheme CAD Design

Py " P3, ' ey
L < R, Experimental
\V testing
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Apollo European project

Intelligent telerobotic systems for the personalised treatment of neuromotor deficit to
increase the patients quality of life — APOLLO

EEL SITLINE (]

TECHNOLOGY UNIVERSITATEA TEHNICA

DDDDDDD “NAPOCA

(Project funded through Competitiveness Operational Programme 2014-2020, with the
support of the European Union, under the Call Innovative Technological Projects - 2022)

The first technologic transfer of a medical robot in Romania

APOLLO

CESTER

. Main objective: APOLLO aims to achieve the technological transfer of a

robotic system for medical rehabilitation in the framework of a private-public
partnership, to develop an innovative technological product — as an
intelligent robotic system — that will perform optimal treatment programs

- for patients with different neuromotor deficiencies using on-line on-site

SeEem

Human centered design ~ P€rsonalized programs under the supervision of medical experts.

10/7/2024
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Recent achievements in Surgical Robotics

» IMPROVE project - High accuracy innovative approach for the robotic assisted intraoperatory
treatment of hepatic tumors based on imagistic-molecular diagnosis, National Complex Project
for Research, Development and Innovation, financed by the Executive Agency for Higher
Education, Research, Development and Innovation Funding (UEFISCDI), Project code: PN-I1I-P1-1.2-

PCCDI2017-0221, Contract no: 59/1 March 2018, Project duration: 2018-2021 (Manager -Doina
Pisla)

> Heald4Liv project - Innovative robotic system for cancer treatment, Financed by the European
@ Health Institute of Innovation and Technology (EIT-Health) through InnoStars, 2020 (Manager — Bogdan
Gherman)

OnTarget
s L

» OnTarget project - Innovative robotic guided instruments for the treatment of malignant tumors,
Experimental demonstration project (PED) financed by the Executive Unit for Financing Higher
Education, Research, Development and Innovation(UEFISCDI), Project code: PN-I111-P2-2.1-
PED2019-4375, 2020-2022 (Manager - Calin Vaida)

» CHALLENGE project - New frontiers in robotic assisted single port surgery: a novel robotic system
with dexterous instruments, National Exploratory Project, financed by the Executive Agency for
Higher Education, Research, Development and Innovation Funding (UEFISCDI), Project code: PN-III-

P4-ID-PCE-2020-0572-PCE-171, Contract no: 171/2021, Project duration: 2021-2023 (Manager -
Doina Pisla)




CESTER

Recent achievements in Surgical Robotics

Our Vision

Development of innovative intelligent robotic systems in the major domain:

CANCER TREATMENT
To provide efficient treatments in a human centered design embedding the needs of
the patients to achieve the increase of the quality of life in an economically

sustainable environment.




What was the proposed solution? CESTER

Development of an innovative, modular robotic system for HepatoCellular Carcinoma (HCC) treatment
capable of:

» Percutaneous HDR brachytherapy;

» Radiofrequency ablation;

» Targeted intratumoral chemotherapy;

Standard Clinical

Approval
& Launch

Validation Robotic
of Solution system

Initial "

Clinical mmm Proof of
Trials == Value
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What is the problem that was addressed?

» Hepatocellular carcinoma (HCC) is the most common type of liver
cancer, accounting for 80-90% of liver cancer cases, and being one
of the top cancer-related causes of death (5%-2012, 4t-2016 3r-
2019).

» Robotic System for Liver Cancer Therapy is Cost-Effective & Fits
Current Care Continuum.

» There is a technological limitation in the application of
interventional (intratumoral) treatment in HCC.

» The manual insertion of the needles delivering the treatment lacks
the required accuracy (in BT 1mm accuracy is required while
manual accuracy cannot go below 3.7 mm).

» Accurate real-time imaging techniques (CT, MRI) impose the use of
specialized automated devices for needle positioning and insertion.

» The only commercially available solution (XACT Robotics) is only
able to insert small needles, which limits its applicability in the case
of deeply located tumors.

Brachytherapy needle position

10/7/2024
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Treatment procedure CESTER

The proposed solution is designed for the needle
insertion/retraction stages in the oncologic procedures. The
therapeutic agents (HDR brachytherapy, radiofrequency
ablation or intratumoral chemotherapy) are then delivered
through the needles using specialized medical devices.

i e |
i Y i

e

Fag)

? :1

q

:

HDR brachytherapy Intratumoral chemotherapy

Initial scan

Robotic Needle insertion
system procedure

Treatment procedure

i<-<3cm

Radiofrequency ablation
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CESTER

Needle insertion procedure

Patient anesthesia
The medical approved protocol for the robotic

assisted needle insertion procedures follows a

. . Tumors registration
stepwise approach to ensure patient safety. :

Define needle trajectory

i Start inserting needle Robotic
I Adjust robot position system

I . CT scan. Check position

I Remove needle

I Positio
n ok?

Treatment

Up to 6 needles procedure

EIT Health is supported by the EIT, a body of the European Union

10/7/2024 32




Main achievements cestER

v More than 40 scientific papers were published in international journals or
international conference proceedings

v' 8 patent applications
v" Multiple distinctions and awards within different international innovation fairs
v" Multiple plenary lectures at international conferences

v" 1 habilitation thesis

For more information about the list of publications please visit our project websites:

https://cester.utcluj.ro/improve/en/home en.html

https://cester.utcluj.ro/healdliv/en/home en.html

https://cester.utcluj.ro/OnTarget/en/home en.html

10/7/2024 33
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From Theory to Practice

Prototypes of Robotic systems for liver cancer treatment

10/7/2024 )




IMPROVE project QISTIR
Parallel robotic system for intraoperative
treatment of hepatic tumors - PROHEP-LCT (2020)

- Wu

:il'm |

| j ly"]

PROHEP-LCT Robotic system

US guiding module Needle guiding module

10/7/2024 35




CE§+ER
IMPROVE project

Parallel robotic system for intraoperative
treatment of hepatic tumors - PROHEP-LCT

PRoHe'p-LCTl?‘a “ IlI[@b_ t.for HCC th u
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HEALALIV project CESTER

The robotic system under CT guiding

A}z

Actuator 3
Needle gripper

CT Scanner

Needles rack
[~~~ Gripper

actuator
Needle insertion
device
Actuator 2
Needles
possible
motions

Actuator 1

Final CAD design of the
automated medical instrument

L

Translation axis

Patent pending
0OSIM, A00806/28.11.2019

10/7/2024
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CESTER

HEALA4LIV robotic system under CT guiding (2021)

Needle insertion device Human torso trainer

Kuka iiwa LBR R800 Robot translation axis CT Siemens SOMATOM Perspective

10/7/2024 38




CESTER

HEALALIV robotic system — experimental setup

10/7/2024 39



CESTER

HEALALIV robotic system — experimental setup

10/7/2024 40



i ) %

CESTER

HEALA4LIV robotic system testing in medical environment (2021)

Needle insertion device Human torso trainer

Kuka iiwa LBR R800  Robot translation axis CT table CT Siemens SOMATOM Perspective

- The robot is positioned, so that the needle is placed at the insertion point with a predefined trajectory.

- After positioning the robotic system, the insertion tool selects the needle to be inserted.

- The needle is inserted along a linear path to a predetermined depth.

- After inserting the needle, a CT scan is performed for this, the linear axis of translation moves the Kuka robotic
system so that the relative position between the Kuka robot and the CT remains constant.

- After confirming the position of the needle through the CT scan, release the therapeutic needle.




CESTER

OnTarget project
Teleoperated robotic system for liver cancer treatment (RFA procedure - 2022)

)

g ‘n]ﬁ"

Robotic system component

= '&4— :

d

RFA instrument



CESTER

OnTarget project
Teleoperated robotic system for liver cancer treatment
(Brachytherapy procedure -2022)

Robotic system
components

Brachytherapy instrument




OnTarget project
Teleoperated robotic system used in minimally invasive surgery
for liver cancer treatment

10/7/2024

=

-

f
CESTER

44



CES"fER
CHALLENGE project
Robotic System used in Single Incision Laparoscopic Surgery

Classical Minimally
surgery invasive surgery

Some specific characteristics and advantages of SILS:
Less tissue scarring; Shorter patient recovery time; Reduced
bleeding; All instruments are inserted through a single port.

One of its reported drawbacks, namely the limited dexterity of
the instruments (due to their proximity) is mitigated in the
robotic assisted procedure.
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Parallel robotic system for Single Incision Laparosopic Surgery
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Experimental model T
Parallel robotic system for Single Incision Laparosopic Surgery (2023)
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Experimental model
Parallel robotic system for Single Incision Laparosopic Surgery (2023)
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Technical University of Cluj-Napoca
Research Center for Robots Simulation and Testing
Memorandumului 28, RO-400114 Cluj-Napoca ROMANIA
E-Mail: doina.pisla@mep.utcluj.ro
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