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PREFACE 

CLAWAR 2017 is the twentieth edition of International Conference series on 
Climbing and Walking Robots and the Support Technologies for Mobile 
Machines. The conference is organized by CLAWAR Association in 
collaboration with Instituto Superior de Engenharia do Porto (ISEP) within the 
premises of ISEP, Porto, Portugal during 11 – 13 September, 2017. 

CLAWAR 2017 brings new developments and associated new research 
findings in human-centric robotics technologies. The topics covered include 
assistive robotics for levels of augmentation to full support for elderly and 
disabled mobility, rehabilitation and function restoration; services to humans in 
industrial, public and domestic environments; new locomotion and design 
strategies to help in climbing on various terrains; navigation and localisation 
approaches, non-destructive testing and inspection strategies for industrial 
applications. 

The CLAWAR 2017 conference includes a total of 83 articles, including 
four plenary lectures, from 21 countries. This number has been arrived at 
through rigorous review of initial submissions, where each paper initially 
submitted has received on average three reviews. 

The editors would like to thank members of the International Scientific 
Committee and National Organising Committee for their efforts in reviewing the 
submitted articles, and the authors in addressing the comments and suggestions 
of the reviewers in their final submissions. It is believed that the CLAWAR 
2017 proceedings will be a valuable source of reference for research and 
development in the rapidly growing area of mobile service robotics. 
 
 

M. F. Silva, G. S. Virk, M. O. Tokhi, B. Malheiro, P Ferreira, P. Guedes 

 H
um

an
-C

en
tr

ic
 R

ob
ot

ic
s 

D
ow

nl
oa

de
d 

fr
om

 w
w

w
.w

or
ld

sc
ie

nt
if

ic
.c

om
by

 1
93

.1
36

.5
6.

49
 o

n 
01

/3
1/

20
. R

e-
us

e 
an

d 
di

st
ri

bu
tio

n 
is

 s
tr

ic
tly

 n
ot

 p
er

m
itt

ed
, e

xc
ep

t f
or

 O
pe

n 
A

cc
es

s 
ar

tic
le

s.



vi 

CONFERENCE ORGANISERS 

 

       

CLAWAR Association 
www.clawar.org 

School of Engineering, 
Porto Polytechnic 
Portugal 

 

INESC TEC 
Portugal 

 

University of Coimbra 
Portugal 

 

Faculty of Engineering, 
University of Porto 
Portugal 

 

University of Aveiro 
Portugal 

 

University of Minho 
Portugal 

 

 H
um

an
-C

en
tr

ic
 R

ob
ot

ic
s 

D
ow

nl
oa

de
d 

fr
om

 w
w

w
.w

or
ld

sc
ie

nt
if

ic
.c

om
by

 1
93

.1
36

.5
6.

49
 o

n 
01

/3
1/

20
. R

e-
us

e 
an

d 
di

st
ri

bu
tio

n 
is

 s
tr

ic
tly

 n
ot

 p
er

m
itt

ed
, e

xc
ep

t f
or

 O
pe

n 
A

cc
es

s 
ar

tic
le

s.



vii 

CONFERENCE COMMITTEES AND CHAIRS 

Conference Chairs and Managers 

of Twentieth International Conference on Climbing and Walking Robots and the 
Support Technologies for Mobile Machines 
 
M. F. Silva (General co-Chair) – ISEP & INESC TEC, Portugal 
G. S. Virk (General co-Chair) – CLAWAR Association, UK 
M. O. Tokhi (ISC Chair) – London South Bank University, UK 
B. Malheiro (LOC Chair) – ISEP & INESC TEC, Portugal 
F. Aldbrez (Publicity) – University of Sheffield, UK 
A. Almeshal (Competition) – PAAET, Kuwait 
D. Chrysostomou (Web-site) – Aalborg University, Denmark 
T. Costa (Social Program) – ISEP, Portugal 
A. Dias (Competition) – ISEP & INESC TEC, Portugal 
P. Ferreira (Publications) – ISEP, Portugal 
P. Guedes (Publication) – ISEP, Portugal 
L. Lima (Competition) – ISEP & INESC TEC, Portugal 
G. Muscato (Exhibition) – University of Catania, Italy 
R. P. Rocha (Publicity) – University of Coimbra, Portugal 
F. Silva (Special/Workshop) – University of Aveiro, Portugal 
 

 H
um

an
-C

en
tr

ic
 R

ob
ot

ic
s 

D
ow

nl
oa

de
d 

fr
om

 w
w

w
.w

or
ld

sc
ie

nt
if

ic
.c

om
by

 1
93

.1
36

.5
6.

49
 o

n 
01

/3
1/

20
. R

e-
us

e 
an

d 
di

st
ri

bu
tio

n 
is

 s
tr

ic
tly

 n
ot

 p
er

m
itt

ed
, e

xc
ep

t f
or

 O
pe

n 
A

cc
es

s 
ar

tic
le

s.



viii 

 

International Scientific Committee (ISC) 
Ahmad S. – Malaysia 
Aldbrez F. M. – UK 
Alomainy A. – UK 
Almeshal A. – Kuwait 
Armada M. – Spain 
Belter D. – Poland 
Ben Amar F. – France 
Berns K. – Germany 
Bhattacharya B. – India 
Bonsignorio F. – Italy 
Bostelman R. V. – USA 
Goher K. M. – NZ 
González de Santos P. – Spain 
Gradetsky V. – Russia 
Grand C. – France 
Guedes P. B. – Portugal 
Heyes N. – UK 
Huq S. – Malaysia 
Kadar E. E. – UK 
Kopacek P. – Austria 
Kozlowski K. – Poland 
Leon-Rodriguez H. – Columbia 
Li G. – UK 
Lima L. – Portugal 
Malheiro B. – Portugal 
Mohamed Z. – Malaysia 
Molfino R. – Italy 
Moon S. – Korea 
Monje C. – Spain 
Moreira A. P. – Portugal 
Muscato G. – Italy 
Nakamura T. – Japan 
 
 

 Bouazza-Marouf K. – UK 
Bridge B. – UK 
Cameron S. – UK 
Cardeira C. – Portugal 
Chew C.-M. – Singapore 
Chugo D. – Japan 
Cruse H. – Germany 
Dias A. – Portugal 
Dillmann R. – Germany 
Dodd T. J. – UK 
Ferreira P. – Portugal 
Eastman R. – USA 
Nik N. – Sweden 
Park H. S. – Korea 
Penders J. – UK 
Pratihar D. K. – India 
Rachkov M. – Russia 
Ribeiro M. – Portugal 
Rocha R. – Portugal 
Schmiedeler J. – USA 
Sequeira J. S. – UK 
Silva F. – Portugal 
Tan M. – China 
Tenreiro Machado J. – Portugal 
Vajta L. – Hungary 
Veneman J. – Spain 
Vepa R. – UK 
Würdemann H. – UK 
Zecca M. – UK 
Zhao M. – China 
Zhong Z. W. – Singapore 
 

   
 
 
 
 
 

 H
um

an
-C

en
tr

ic
 R

ob
ot

ic
s 

D
ow

nl
oa

de
d 

fr
om

 w
w

w
.w

or
ld

sc
ie

nt
if

ic
.c

om
by

 1
93

.1
36

.5
6.

49
 o

n 
01

/3
1/

20
. R

e-
us

e 
an

d 
di

st
ri

bu
tio

n 
is

 s
tr

ic
tly

 n
ot

 p
er

m
itt

ed
, e

xc
ep

t f
or

 O
pe

n 
A

cc
es

s 
ar

tic
le

s.



ix 

 Organising Committee 

of Twentieth International Conference on Climbing and Walking Robots and the 
Support Technologies for Mobile Machines 
 
Benedita Malheiro (Chair) – ISEP & INESC TEC, Portugal 
Norafizah Abas – The University of Sheffield, UK 
Fareg Aldebrez – The University of Sheffield, UK 
Siti Khadijah Ali – The University of Sheffield, UK 
Abdullah Almeshal – PAAET, Kuwait 
Ghasaq Al-Rezage – The University of Sheffield, UK 
Abdullah K Alshatti – The University of Sheffield, UK 
Dimitris Chrysostomou – Aalborg University, Denmark 
Teresa Costa – ISEP, Portugal 
Wan M Bukhari B W Daud – The University of Sheffield, UK 
André Dias – ISEP & INESC TEC, Portugal 
Paulo Ferreira – ISEP, Portugal 
Ahmad Findaus – The University of Sheffield, UK 
Pedro Barbosa Guedes – ISEP, Portugal 
Luis Lima – ISEP & INESC TEC, Portugal 
Nuno Lau – University of Aveiro, Portugal 
Daniela Miranda-Linares – The University of Sheffield, UK 
António Paulo Moreira – University of Porto, Portugal 
Giovanni Muscato – University of Catania, Italy 
Luis Paulo Reis – University of Minho, Portugal 
Rui Rocha – University of Coimbra, Portugal 
Cristina Santos – University of Minho, Portugal 
Eduardo Silva – ISEP, Portugal 
Filipe Silva – University of Aveiro, Portugal 
 

 H
um

an
-C

en
tr

ic
 R

ob
ot

ic
s 

D
ow

nl
oa

de
d 

fr
om

 w
w

w
.w

or
ld

sc
ie

nt
if

ic
.c

om
by

 1
93

.1
36

.5
6.

49
 o

n 
01

/3
1/

20
. R

e-
us

e 
an

d 
di

st
ri

bu
tio

n 
is

 s
tr

ic
tly

 n
ot

 p
er

m
itt

ed
, e

xc
ep

t f
or

 O
pe

n 
A

cc
es

s 
ar

tic
le

s.



x 

 

Sponsors and Co-Sponsors 
 

 

InnoTecUK 
UK 

 

 H
um

an
-C

en
tr

ic
 R

ob
ot

ic
s 

D
ow

nl
oa

de
d 

fr
om

 w
w

w
.w

or
ld

sc
ie

nt
if

ic
.c

om
by

 1
93

.1
36

.5
6.

49
 o

n 
01

/3
1/

20
. R

e-
us

e 
an

d 
di

st
ri

bu
tio

n 
is

 s
tr

ic
tly

 n
ot

 p
er

m
itt

ed
, e

xc
ep

t f
or

 O
pe

n 
A

cc
es

s 
ar

tic
le

s.



xi 

CONTENTS 

Title ....................................................................................................................... i 
Preface .................................................................................................................. v 
Conference organisers ......................................................................................... vi 
Conference committees and chairs ..................................................................... vii 
Sponsors and co-sponsors ...................................................................................  x 
Contents .............................................................................................................. xi 

Section–1: Plenary presentations 
Compliant whole-body control for humanoid robots  .......................................... 3 
Jaeheung Park 

High-level learning, interaction and cooperation for humanoid robots  ............... 4 
Luis Paulo Reis 

How well have robots done to improve peoples’ lives?  ...................................... 5 
Steven Dubowsky 

Monitoring safety critical infrastructure with mobile robots ................................ 9 
Tariq P. Sattar 

Section–2: Assistive robotics 
Walking pattern generation method for an exoskeleton moving on uneven 
terrain  ................................................................................................................ 13 
S. Jatsun, S. Savin and A. Yatsun 

Linear series elastic actuator for powered knee orthosis  ................................... 21 
M. Shysh, T. Mrech, U. Schmucker and A. Telesh 

ATLAS 2020: The pediatric gait exoskeleton project  ....................................... 29 
E. Garcia, J. Sancho, D. Sanz-Merodio and M. Prieto 

Pattern based standing assistance for a low level of care  .................................. 39 
D. Chugo, S. Kawazoe, S. Yokota, H. Hashimoto, T. Katayama,  
Y. Mizuta and A. Koujina 

 

 H
um

an
-C

en
tr

ic
 R

ob
ot

ic
s 

D
ow

nl
oa

de
d 

fr
om

 w
w

w
.w

or
ld

sc
ie

nt
if

ic
.c

om
by

 1
93

.1
36

.5
6.

49
 o

n 
01

/3
1/

20
. R

e-
us

e 
an

d 
di

st
ri

bu
tio

n 
is

 s
tr

ic
tly

 n
ot

 p
er

m
itt

ed
, e

xc
ep

t f
or

 O
pe

n 
A

cc
es

s 
ar

tic
le

s.



xii 

 

Result of clinical trials with children with spinal muscular atrophy 
using the ATLAS 2020 lower-limb active orthosis  ........................................... 48 
D. Sanz-Merodio, M. Perez, M. Prieto, J. Sancho and E. Garcia 

Upper-limb exoskeleton for human muscle fatigue  .......................................... 56 
S. K. Ali and M. O. Tokhi 

Section–3: Biologically-inspired systems and solutions 

TB-Horse II: Design and analysis of a bio-inspired robot horse based 
on the breed Mangalarga Marchador ................................................................ 65 
D. R. de Sousa, W. T. Botelho, M. D. G. B. Marietto, J. C. D. M. Ferreira 
and E. P. Pimentel 

Both-end supported earth auger for a bending excavation of 
peristaltic-type lunar excavation robot  .............................................................. 73 
A. Fujiwara, T. Nakatake, M. Nagai, N. Tadami, Y. Yamada, 
T. Nakamura, H. Sawada and T. Kubota 

Development of a peristaltic crawling robot for practical use and 
field experiment evaluation  ............................................................................... 81 
R. Ishikawa, T. Tomita, Y. Yamada and T. Nakamura 

Design of an exchangeable, compact and modular bio-inspired leg for 
six-legged walking robots  ................................................................................. 89 
T. Buettner, A. Roennau, G. Heppner and R. Dillmann 

Multisensory guidance of goal-oriented behaviour of legged robots  ................ 97 
D. Shaikh, P. Manoonpong, G. Tuxworth and L. Bodenhagen 

Section-4: Climbing and biomedical robots 

Optimization of ‘wheel-parallel-in-wheel’ for a compact climbing robot  ...... 109 
Y. Wu, X. Teng, C.-M. Chew and K. P. Tan 

The control system of an autonomous wall climbing robot with 
aerodynamic fixation  ....................................................................................... 118 
V. G. Chashchukhin and A. M. Nunuparov 

Wave-like propulsion robot over flexible surfaces .......................................... 127 
N. Dgani and D. Zarrouk 

Screw-like locomotion over compliant surfaces  ............................................. 135 
T. Dachlika, A. Sintov and D. Zarrouk 
 

 H
um

an
-C

en
tr

ic
 R

ob
ot

ic
s 

D
ow

nl
oa

de
d 

fr
om

 w
w

w
.w

or
ld

sc
ie

nt
if

ic
.c

om
by

 1
93

.1
36

.5
6.

49
 o

n 
01

/3
1/

20
. R

e-
us

e 
an

d 
di

st
ri

bu
tio

n 
is

 s
tr

ic
tly

 n
ot

 p
er

m
itt

ed
, e

xc
ep

t f
or

 O
pe

n 
A

cc
es

s 
ar

tic
le

s.



xiii 

Effect of heterogeneity in distributed building formation by 
autonomous climbing agents  ........................................................................... 143 
Y. Sueoka, K. Kubota, M. Ishikawa and K. Osuka 

Section-5: Education robotics 
Proposal of a new servo-motor optimized for educational robotic 
applications  ..................................................................................................... 153 
J. Silva, P. Costa and J. A. Gonçalves 

Using robotics to teach systems engineering: A hands-on learning 
course example  ................................................................................................ 161 
M. F. Silva, A. P. Dias and M. T. Costa 

Arduino recursive backtracking implementation, for a robotic contest  ........... 169 
S. Silva, D. Duarte, R. Barradas, S. Soares, A. Valente and M. J. C. S. Reis 

Elementary students programming in C to make their robots do their 
bidding  ............................................................................................................ 179 
D. P. Miller, R. Clement, C. Goodgame and S. Goodgame 

Section-6: Flying and aerial robots 
Ego-motion sensor for unmanned aerial vehicles based on a 
single-board computer  ..................................................................................... 189 
G. Écorchard, A. Heinrich and L. P eu il 

Autonomous landing of a UAV on a moving vehicle for the MBZIRC  .......... 197 
L. Cantelli, D. C. Guastella, C. D. Melita, G. Muscato, S. Battiato, 
F. D'Urso, G. M. Farinella, A. Ortis and C. Santoro 

Real-time embedded sliding mode observer for quadcopter UAVs  ................ 205 
A. R. Firdaus and M. O. Tokhi 

3D path planning methods for unmanned aerial vehicles in search and 
rescue scenarios  ............................................................................................... 213 
A. Dias, T. Fernandes, J. Almeida, A. Martins and E. Silva 

Section-7: Innovative design of CLAWAR 
GECO: The development of a wall-climbing robot  ........................................ 223 
R. Cardinaels, J. Maes, J. Deseure, J. Saldien, K. Aelterman,  
S. Verstockt and F. Wyffels 

Design of a glass-wall climbing robot using passive suction cups  .................. 231 
S. Wang, D. A. Sundjaja, G. Lan, X. Zheng, C.-M. Chew, W.-F. Lu 
and K. P. Tan 

 H
um

an
-C

en
tr

ic
 R

ob
ot

ic
s 

D
ow

nl
oa

de
d 

fr
om

 w
w

w
.w

or
ld

sc
ie

nt
if

ic
.c

om
by

 1
93

.1
36

.5
6.

49
 o

n 
01

/3
1/

20
. R

e-
us

e 
an

d 
di

st
ri

bu
tio

n 
is

 s
tr

ic
tly

 n
ot

 p
er

m
itt

ed
, e

xc
ep

t f
or

 O
pe

n 
A

cc
es

s 
ar

tic
le

s.



xiv 

 

Possibilities of using wall climbing robots for underwater application  ........... 239 
V. G. Gradetsky, M. M. Knyazkov, A. N. Sukhanov, E. A. Semenov, 
V. G. Chaschukhin and A. A. Kryukova 

Centaur robots - A survey  ............................................................................... 247 
B. U. Rehman, D. G. Caldwell and C. Semini 

Agile climbing robot design for NDT inspection  ............................................ 259 
Z. Zhao and G. Shirkoohi 

Section-8: Inspection 

Development of omnidirectional wall-climbing robot for  
aircraft inspection  ............................................................................................ 269 
T. Amakawa, T. Yamaguchi, N. Tadami, Y. Yamada and T. Nakamura 

Biological inspired approach for the inspection of structures in the 
splash zone  ...................................................................................................... 277 
M. Ribeiro and M. F. Silva 

Climbing robots for NDT applications  ............................................................ 285 
M. Al Rashed, M. Kimball, L. Vega, D. Vera, J. Soler, M. Correa, 
A. Garcia, G. S. Virk and T. P. Sattar 

Pipeline inspection robotic solutions  ............................................................... 293 
M. S. Ribeiro, G. S. Virk, M. Al Rashed, M. Kimball, M. Correa,  
D. Vera and J. Soler 

Non-desctrictuve testing robots (NDTBots) for in-service storage 
tank inspection  ................................................................................................ 301 
R. Anvo, T. P. Sattar, T.-H. Gan and I. Pinson 

Section-9: Localization and navigation 

A practical application of QR-codes for mobile robot localization 
in home environment  ...................................................................................... 311 
M. Rostkowska and P. Skrzypczyński 

Terrain classification for autonomous navigation in public urban areas  ......... 319 
J. Wietrzykowski and P. Skrzypczyński 

UGV navigation in unstructured environments through UAV survey  ............ 327 
L. Cantelli, D. C. Guastella, C. D. Melita and G. Muscato 
 
 

 H
um

an
-C

en
tr

ic
 R

ob
ot

ic
s 

D
ow

nl
oa

de
d 

fr
om

 w
w

w
.w

or
ld

sc
ie

nt
if

ic
.c

om
by

 1
93

.1
36

.5
6.

49
 o

n 
01

/3
1/

20
. R

e-
us

e 
an

d 
di

st
ri

bu
tio

n 
is

 s
tr

ic
tly

 n
ot

 p
er

m
itt

ed
, e

xc
ep

t f
or

 O
pe

n 
A

cc
es

s 
ar

tic
le

s.



xv 

Section-10: Locomotion 
Accelerate the disturbance recovery for a passive-based biped walker 
based on model predictive control  ................................................................... 337 
K. Deng, M. Zhao and W. Xu 

Bio-inspired bipedal speed control in the B4LC system  ................................. 349 
Q. Liu, K. Karnatak and K. Berns 

Efficient reactive behavior for six-legged walking on rough terrain 
with proprioceptive sensing  ............................................................................ 357 
D. Belter 

Walking analysis of quadruped quasi-passive dynamic walking robot 
“DUKE-II” focusing on trunk structure  .......................................................... 367 
Y. Sugimoto, T. Okamoto and K. Osuka 

Myriapod robot i-CentiPot01 via mechanical passive dynamics  .................... 375 
T. Kinugasa, K. Osuka, N. Miyamoto, R. Hayashi, K. Yoshida, 
D. Owaki and A. Ishiguro 

Effect of viscoelastic trunk mechanism with arm swinging in 
3D bipedal locomotion  .................................................................................... 383 
R. Onishi, H. Oku, T. Takuma and W. Kase 

Localization method using the ICP algorithm for a six-legged robot  .............. 391 
H. Uchida and M. Hosoi 

A reliable hierarchical omnidirectional walking engine for a bipedal 
robot by using the enhanced LIP plus flywheel  .............................................. 399 
S. M. Kasaei, N. Lau and A. Pereira 

A combined limit cycle - Zero moment point based approach for 
omni-directional quadrupedal bounding  ......................................................... 407 
R. Orsolino, M. Focchi, D. G. Caldwell and C. Semini 

Validation of computer simulations of the HyQ robot  .................................... 415 
M. Frigerio, V. Barasuol, M. Focchi, D. G. Caldwell and C. Semini 

Nonlinear variable transmission actuators for biped robot force 
feedback control  .............................................................................................. 423 
H. Montes and M. Armada 

On decentralized control of tripedal walking robot using reaction 
force feedback  ................................................................................................. 431 
M. Ishikawa, N. Yasutani and R. Kuratani 

 H
um

an
-C

en
tr

ic
 R

ob
ot

ic
s 

D
ow

nl
oa

de
d 

fr
om

 w
w

w
.w

or
ld

sc
ie

nt
if

ic
.c

om
by

 1
93

.1
36

.5
6.

49
 o

n 
01

/3
1/

20
. R

e-
us

e 
an

d 
di

st
ri

bu
tio

n 
is

 s
tr

ic
tly

 n
ot

 p
er

m
itt

ed
, e

xc
ep

t f
or

 O
pe

n 
A

cc
es

s 
ar

tic
le

s.



xvi 

 

Section-11: Modelling and simulation of CLAWAR 

Force correction control in pneumatic vacuum contact devices of 
mobile robots  ................................................................................................... 441 
V. G. Gradetsky, M. M. Knyazkov, A. N. Sukhanov, E. A. Semenov 
and A. A. Kryukova 

Static modelling of a thermomechanical actuator for a  
walking microrobot  ......................................................................................... 449 
I. V. Bogoslavsky, N. N. Bolotnik, V. G. Chashchukhin, V. G. Gradetsky, 
A. M. Nunuparov, D.V. Kozlov, I. P. Smirnov and A. A. Zhukov 

Modelling of a magnetic adhesion robot for NDT inspection of 
large metal structures  ...................................................................................... 457 
G. Shirkoohi and Z. Zhao 

Kinematic modeling of an omnidirectional reconfigurable 
screw-propelled mobile robot  .......................................................................... 465 
J. H. Lugo, V. Ramadoss, M. Zoppi and R. Molfino 

Section-12: Perception, planning, control and scheduling 

Energy-efficient MPC for biped robots  ........................................................... 477 
C. Neves and R. Ventura 

3D-printed low-cost modular force sensors  .................................................... 485 
F. Wasserfall, N. Hendrich, F. Fiedler and J. Zhang 

The motion analysis and trajectory planning of static gait for the 
quadruped robot  .............................................................................................. 493 
R. Dang, P. Xu, Q. Yao, B. Su, L. Jiang, L. Mu and C. Jiang 

Omni-steering control for a triangle with a right angle  ................................... 501 
E. Yu. Kolesnichenko, V. E. Pavlovsky, I. A. Orlov, A. P. Aliseychik 
and D. A. Gribkov 

A genetic algorithm approach for the scheduling in a robotic-centric 
flexible manufacturing system  ........................................................................ 508 
A. I. Pereira, A. Ferreira, J. Barbosa, J. Lima and P. Leitão 

Section-13: Tele-operated robots, HMI and virtual reality 

Shredded image patching by using past frames of inner crawler cameras 
for flexible mono-tread mobile track  ............................................................... 519 
K. Tokuda, J. Nagaishi, T. Kinugasa, T. Haji and H. Amano 

 H
um

an
-C

en
tr

ic
 R

ob
ot

ic
s 

D
ow

nl
oa

de
d 

fr
om

 w
w

w
.w

or
ld

sc
ie

nt
if

ic
.c

om
by

 1
93

.1
36

.5
6.

49
 o

n 
01

/3
1/

20
. R

e-
us

e 
an

d 
di

st
ri

bu
tio

n 
is

 s
tr

ic
tly

 n
ot

 p
er

m
itt

ed
, e

xc
ep

t f
or

 O
pe

n 
A

cc
es

s 
ar

tic
le

s.



xvii 

Teleoperation of a six-legged walking robot using a hand  
tracking interface  ............................................................................................. 527 
W. Cieślak, S. Rodykow and D. Belter 

Prototyping of immersive HRI scenarios  ........................................................ 537 
D. Krupke, S. Starke, L. Einig, J. Zhang and F. Steinicke 

Assessment strategy of human upper forearm inter-relation and muscle 
fatigue .............................................................................................................. 545 
W. M. B. Wan Daud, N. Abas and M. O. Tokhi 

Section-14: Underwater and sea robotics 

Development of a flexible propulsion unit for a seabed excavation robot  ...... 555 
N. Tadami, A. Fujiwara, T. Nakatake, M. Nagai, Y. Yamada, 
T. Nakamura, H. Yoshida, H. Sawada and T. Kubota 

Novel volume-expanding mechanism for large buoyancy change  .................. 563 
K. Shibuya, K. Jimu and T. Yamashita 

Underwater tests of the walking robot MAK-1  ............................................... 571 
V. V. Chernyshev, V. V. Arykantsev and Y. V. Kalinin 

Development of novel crawler based robot for mooring chain climbing  ........ 579 
M. Dissanayake, M. O. Howlader, T. P. Sattar, T.-H. Gan and I. Pinson 

Section-15: Wearable robotics for assistance and rehabilitation 

Cost Action CA16116: Wearable robots for augmentation, assistance  
or substitution of human motor functions  ....................................................... 589 
J. Veneman 

Active orthotic system for assistance and rehabilitation  ................................. 597 
I. Veneva, D. Chakarov, P. Venev, E. Zlatanov, M. Tsveov and D. Trifonov 

Requirements specifications for a wearable robotic exoskeleton for 
rehabilitation  ................................................................................................... 605 
H. Lakany 

Upper limb loads during robotic assisted gait: A measuring system 
to guide training  .............................................................................................. 613 
M. Lancini, M. Serpelloni, S. Pasinetti, I. Bodini, G. Sansoni, 
M. D. Cecco and A. Fornaser 

On the design and control of an empowering manipulator to 
increase the capabilities of humans in industrial applications  ......................... 621 
L. Roveda, A. Prini, T. Dinon, S. Haghshenas, N. Pedrocchi, F. Braghin 
and L. M. Tosatti 

 H
um

an
-C

en
tr

ic
 R

ob
ot

ic
s 

D
ow

nl
oa

de
d 

fr
om

 w
w

w
.w

or
ld

sc
ie

nt
if

ic
.c

om
by

 1
93

.1
36

.5
6.

49
 o

n 
01

/3
1/

20
. R

e-
us

e 
an

d 
di

st
ri

bu
tio

n 
is

 s
tr

ic
tly

 n
ot

 p
er

m
itt

ed
, e

xc
ep

t f
or

 O
pe

n 
A

cc
es

s 
ar

tic
le

s.



xviii 

 

Automatic and real-time locomotion mode recognition of a  
humanoid robot  ............................................................................................... 629 
J. Figueiredo, D. Gonçalves, J. C. Moreno and C. P. Santos 

Adaptive optimal control based on estimation of patient behavior  ................. 637 
W. M. dos Santos, J. C. Jaimes, J. C. Ibarra and A. A. Siqueira 

Validation of a knee angle measurement system based on IMUS  ................... 645 
N. F. Ribeiro, C. Ferreira, L. P. Reis, H. Silva, P. Macedo,  
L. Rocha and C. P. Santos 

Adaptive real-time tool for human gait event detection using a 
wearable gyroscope  ......................................................................................... 653 
P. Félix, J. Figueiredo, C. P. Santos and J. C. Moreno 

Biomechanical comparison of patients with CP with different levels 
of gait assistance using CPWalker  .................................................................. 661 
C. A. Cifuentes, L. F. Aycardi, M. Munera, C. Bayon, O. Ramirez, 
E. Rocon, A. Frizera and S. Lerma 

Neurofeedback vibrotactile system for patients with Parkinson's 
discease overcome freezing of gait: First steps in the detecting 
the most perceived frequency  .......................................................................... 669 
H. Gonçalves, A. Rodrigues, G. Minas and C. Santos 

An ankle-foot prosthesis: A preliminary design and dynamic model  ............. 677 
C. Ferreira, C. P. Santos, J. Alves, E. Seabra and L. P. Reis 

Gait events detector for transtibial prosthesis  ................................................. 685 
C. Ferreira, L. P. Reis and C. P. Santos 

Author index .................................................................................................... 693 

 H
um

an
-C

en
tr

ic
 R

ob
ot

ic
s 

D
ow

nl
oa

de
d 

fr
om

 w
w

w
.w

or
ld

sc
ie

nt
if

ic
.c

om
by

 1
93

.1
36

.5
6.

49
 o

n 
01

/3
1/

20
. R

e-
us

e 
an

d 
di

st
ri

bu
tio

n 
is

 s
tr

ic
tly

 n
ot

 p
er

m
itt

ed
, e

xc
ep

t f
or

 O
pe

n 
A

cc
es

s 
ar

tic
le

s.




