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Abstract

Purpose: The purpose of this paper is to introduce a quadruped robot strategy to avoid tipping down
because of side impact disturbance and a control algorithm that guarantees the strategy can be
controlled stably even in the presence of disturbances or model uncertainties.
Design/methodology/approach: A quadruped robot was developed. Trot gait is applied so the
quadruped can be modelled as a compass biped model. The algorithm to find a correct stepping
position after an impact was developed. A particle swarm optimization-based structure-specified
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Push...

mixed sensFitIilvity (Hz/Hs) robust is applied to reach the stepping position. Findings: By measuring the Authors >
angle and ﬂ)xeged of the side tipping after an impact disturbance, a point location for the robot to step or
the foothé)ggornescovery point (FRP) was successfully generated. The proposed particle swarm
optimizatiog/-based structure-specified mixed sensitivity Hy/H. robust control also successfully
brought thE,legs to the desired point. Practical implications: A traditional H., controller synthesis
usually resulsstin a very high order of controller. This makes implementation on an embedded
controller very difficult. The proposed controller is just a second-order controller but it can handle the
uncertainties and disturbances that arise and guarantee that FRP can be reached. Originality/value: The
first contribution is the proposed low-order robust Hy/H.. controller so it is easy to be programmed on
a small embedded system. The second is FRP, a stepping point for a quadruped robot after receiving
side impact disturbance so the robot will not fall. © 2020, Emerald Publishing Limited.
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robot; Structure specified

Indexed keywords v
SciVal Topics ©® e
Metrics v
Funding details v
References (27) View in search results format >

1 All

CSVexport ~ (E3Print [ XGE-mail % Save to PDF

Create bibliography

01 Aois.

Simple legged robots that reveal biomechanical and
neuromechanical functions in locomotion dynamics
(Open Access)

(2014) Journal of Robotics and Mechatronics, 26 (1), pp. 98-99. Cited 2 times.

http://www.fujipress.jp/finder/access_check.php?
pdf_filename=ROBOT002600010013.pdf&frompage=abst_page&errormode=

doi: 10.20965/jrm.2014.p0098

View at Publisher

[] 2 Benderradji, H., Chrifi-Alaoui, L., Makouf, A.
(2011) Hoo control using sliding mode linearization technique applied to an
induction motor, pp. 1-6.
s.l., s.n

13 Dzieza, J., Klempka, R.
(1997) Hoo control of DC motors, pp. 137-142.
s.l., s.n

Keywords >


https://www.scopus.com/search/submit/references.uri?sort=plf-f&src=r&imp=t&sid=af916d67c7009f5f6816a4b2b865cbf5&sot=rec&sdt=citedreferences&sl=23&s=EID%282-s2.0-85081544190%29&origin=recordpage&citeCnt=1&citingId=2-s2.0-85081544190
https://www.scopus.com/record/display.uri?eid=2-s2.0-84894069114&origin=reflist&sort=plf-f&src=s&st1=Sutyasadi&st2=Petrus&nlo=1&nlr=20&nls=count-f&sid=1143d0f026e32862f999ca465c5a0a19&sot=anl&sdt=aut&sl=38&s=AU-ID%28%22Sutyasadi%2c+Petrus%22+36968351900%29
https://www.scopus.com/search/submit/citedby.uri?eid=2-s2.0-85081544190&refeid=2-s2.0-84894069114&src=s&origin=reflist&refstat=core
http://www.fujipress.jp/finder/access_check.php?pdf_filename=ROBOT002600010013.pdf&frompage=abst_page&errormode=Login&pid=5020&lang=English
https://www.scopus.com/redirect/linking.uri?targetURL=https%3a%2f%2fdoi.org%2f10.20965%2fjrm.2014.p0098&locationID=3&categoryID=4&eid=2-s2.0-84894069114&issn=18838049&linkType=ViewAtPublisher&year=2014&origin=reflist&dig=e68f3af89fd28a4c611c420b175b73f1
https://www.scopus.com/search/submit/mlt.uri?eid=2-s2.0-85081544190&src=s&all=true&origin=recordpage&method=aut&zone=relatedDocuments
https://www.scopus.com/search/submit/mlt.uri?eid=2-s2.0-85081544190&src=s&all=true&origin=recordpage&method=key&zone=relatedDocuments

Push...

Full
text
options

v
i

Export

Fahmi, S., Mastalli, C., Focchi, M., Semini, C.

Passive Whole-Body Control for Quadruped Robots:
Experimental Validation over Challenging Terrain (Open Access)

(2019) /EEE Robotics and Automation Letters, 4 (3), art. no. 8678400, pp.
2553-2560. Cited 42 times.
http://ieeexplore.ieee.org/servlet/opac?punumber=7083369

doi: 10.1109/LRA.2019.2908502

View at Publisher

Fukuoka, Y., Katabuchi, H., Kimura, H.

Dynamic locomotion of quadrupeds tekken 3&4 using simple navigation
(2010) Journal of Robotics and Mechatronics, 22 (1), pp. 36-42. Cited 12
times.

Gan, Z., Jiao, Z., Remy, C.D.

On the dynamic similarity between bipeds and quadrupeds: A
case study on bounding (Open Access)

(2018) /EEE Robotics and Automation Letters, 3 (4), art. no. 8410025, pp.
3614-3621. Cited 13 times.
http://ieeexplore.icee.org/servlet/opac?punumber=7083369

doi: 10.1109/LRA.2018.2854923

View at Publisher

Garcia, M., Chatterjee, A., Ruina, A., Coleman, M.

The Simplest Walking Model: Stability, Complexity, and
Scaling

(1998) Journal of Biomechanical Engineering, 120 (2), pp. 281-288. Cited 830
times.
doi: 10.1115/1.2798313

View at Publisher

Gay, S., Santos-Victor, J., ljspeert, A.

Learning robot gait stability using neural networks as sensory
feedback function for Central Pattern Generators (Open Access)

(2013) /EEE International Conference on Intelligent Robots and Systems, art.
no. 6696353, pp. 194-201. Cited 48 times.

ISBN: 978-146736358-7

doi: 10.1109/IROS.2013.6696353

View at Publisher

Gehring, C., Coros, S., Hutter, M., Bloesch, M., Hoepflinger, M.A,, Siegwart,
R.

Control of dynamic gaits for a quadrupedal robot (Open Access)
(2013) Proceedings - IEEE International Conference on Robotics and
Automation, art. no. 6631035, pp. 3287-3292. Cited 117 times.

ISBN: 978-146735641-1
doi: 10.1109/ICRA.2013.6631035

View at Publisher


https://www.scopus.com/record/display.uri?eid=2-s2.0-85064711314&origin=reflist&sort=plf-f&src=s&st1=Sutyasadi&st2=Petrus&nlo=1&nlr=20&nls=count-f&sid=1143d0f026e32862f999ca465c5a0a19&sot=anl&sdt=aut&sl=38&s=AU-ID%28%22Sutyasadi%2c+Petrus%22+36968351900%29
https://www.scopus.com/search/submit/citedby.uri?eid=2-s2.0-85081544190&refeid=2-s2.0-85064711314&src=s&origin=reflist&refstat=core
http://ieeexplore.ieee.org/servlet/opac?punumber=7083369
https://www.scopus.com/redirect/linking.uri?targetURL=https%3a%2f%2fdoi.org%2f10.1109%2fLRA.2019.2908502&locationID=3&categoryID=4&eid=2-s2.0-85064711314&issn=23773766&linkType=ViewAtPublisher&year=2019&origin=reflist&dig=4f6abad19a3500b17fccf2387558766b
https://www.scopus.com/search/submit/citedby.uri?eid=2-s2.0-85081544190&refeid=2-s2.0-80051816007&src=s&origin=reflist&refstat=dummy
https://www.scopus.com/record/display.uri?eid=2-s2.0-85063304887&origin=reflist&sort=plf-f&src=s&st1=Sutyasadi&st2=Petrus&nlo=1&nlr=20&nls=count-f&sid=1143d0f026e32862f999ca465c5a0a19&sot=anl&sdt=aut&sl=38&s=AU-ID%28%22Sutyasadi%2c+Petrus%22+36968351900%29
https://www.scopus.com/search/submit/citedby.uri?eid=2-s2.0-85081544190&refeid=2-s2.0-85063304887&src=s&origin=reflist&refstat=core
http://ieeexplore.ieee.org/servlet/opac?punumber=7083369
https://www.scopus.com/redirect/linking.uri?targetURL=https%3a%2f%2fdoi.org%2f10.1109%2fLRA.2018.2854923&locationID=3&categoryID=4&eid=2-s2.0-85063304887&issn=23773766&linkType=ViewAtPublisher&year=2018&origin=reflist&dig=c7de7f64a4208fb8aabd6904410a7850
https://www.scopus.com/record/display.uri?eid=2-s2.0-0032054337&origin=reflist&sort=plf-f&src=s&st1=Sutyasadi&st2=Petrus&nlo=1&nlr=20&nls=count-f&sid=1143d0f026e32862f999ca465c5a0a19&sot=anl&sdt=aut&sl=38&s=AU-ID%28%22Sutyasadi%2c+Petrus%22+36968351900%29
https://www.scopus.com/search/submit/citedby.uri?eid=2-s2.0-85081544190&refeid=2-s2.0-0032054337&src=s&origin=reflist&refstat=core
https://www.scopus.com/redirect/linking.uri?targetURL=https%3a%2f%2fdoi.org%2f10.1115%2f1.2798313&locationID=3&categoryID=4&eid=2-s2.0-0032054337&issn=15288951&linkType=ViewAtPublisher&year=1998&origin=reflist&dig=e8140dc0fa942dac8509795083b0b936
https://www.scopus.com/record/display.uri?eid=2-s2.0-84893715407&origin=reflist&sort=plf-f&src=s&st1=Sutyasadi&st2=Petrus&nlo=1&nlr=20&nls=count-f&sid=1143d0f026e32862f999ca465c5a0a19&sot=anl&sdt=aut&sl=38&s=AU-ID%28%22Sutyasadi%2c+Petrus%22+36968351900%29
https://www.scopus.com/search/submit/citedby.uri?eid=2-s2.0-85081544190&refeid=2-s2.0-84893715407&src=s&origin=reflist&refstat=core
https://www.scopus.com/redirect/linking.uri?targetURL=https%3a%2f%2fdoi.org%2f10.1109%2fIROS.2013.6696353&locationID=3&categoryID=4&eid=2-s2.0-84893715407&issn=21530858&linkType=ViewAtPublisher&year=2013&origin=reflist&dig=c1aadd2c0afe141697519b80e70ea6f9
https://www.scopus.com/record/display.uri?eid=2-s2.0-84887310115&origin=reflist&sort=plf-f&src=s&st1=Sutyasadi&st2=Petrus&nlo=1&nlr=20&nls=count-f&sid=1143d0f026e32862f999ca465c5a0a19&sot=anl&sdt=aut&sl=38&s=AU-ID%28%22Sutyasadi%2c+Petrus%22+36968351900%29
https://www.scopus.com/search/submit/citedby.uri?eid=2-s2.0-85081544190&refeid=2-s2.0-84887310115&src=s&origin=reflist&refstat=core
https://www.scopus.com/redirect/linking.uri?targetURL=https%3a%2f%2fdoi.org%2f10.1109%2fICRA.2013.6631035&locationID=3&categoryID=4&eid=2-s2.0-84887310115&issn=10504729&linkType=ViewAtPublisher&year=2013&origin=reflist&dig=c9b7d8474a029f88107f2a67975277b1

Push...

Full
text
options

v
i

Export

Kajita, S., Tani, K., Kobayashi, A.
Dynamic walk control of a biped robot along the potential
energy conserving orbit

(1990) /EEE International Conference on Intelligent Robots and
Systems, 1990-July, art. no. 262497, pp. 789-794. Cited 21 times.
doi: 10.1109/IR0OS.1990.262497

View at Publisher

Kennedy, James, Eberhart, Russell
Particle swarm optimization

(1995) IEEE International Conference on Neural Networks - Conference
Proceedings, 4, pp. 1942-1948. Cited 47234 times.

Kimura, H., Fukuoka, Y., Cohen, A.H.

Adaptive dynamic walking of a quadruped robot on natural
ground based on biological concepts

(2007) International Journal of Robotics Research, 26 (5), pp. 475-490. Cited
395 times.
doi: 10.1177/0278364907078089

View at Publisher

Lewis, F.L., Dawson, D.M., Abdallah, C.T.
(1993) Robot Manipulator Control: Theory and Practice. Cited 871 times.
Prentice Hall, New York, NY

Lu, Q., Sorniotti, A., Gruber, P., Theunissen, J., De Smet, .

H,, loop shaping for the torque-vectoring control of electric
vehicles: Theoretical design and experimental assessment
(Open Access)

(2016) Mechatronics, 35, pp. 32-43. Cited 42 times.
doi: 10.1016/j.mechatronics.2015.12.005

View at Publisher

Mcgeer, T.
Passive Dynamic Walking

(1990) The International Journal of Robotics Research, 9 (2), pp. 62-82. Cited
2448 times.
doi: 10.1177/027836499000900206

View at Publisher

Mamiya, S., Sano, S., Uchiyama, N.

Foot structure with divided flat soles and springs for legged
robots and experimental verification (Open Access)

(2016) Journal of Robotics and Mechatronics, 28 (6), pp. 799-807. Cited 2
times.
https://www.fujipress.jp/main/wp-

content/themes/Fujipress/pdf_subscribed.php
doi: 10.20965/jrm.2016.p0799

View at Publisher


https://www.scopus.com/record/display.uri?eid=2-s2.0-85081609367&origin=reflist&sort=plf-f&src=s&st1=Sutyasadi&st2=Petrus&nlo=1&nlr=20&nls=count-f&sid=1143d0f026e32862f999ca465c5a0a19&sot=anl&sdt=aut&sl=38&s=AU-ID%28%22Sutyasadi%2c+Petrus%22+36968351900%29
https://www.scopus.com/search/submit/citedby.uri?eid=2-s2.0-85081544190&refeid=2-s2.0-85081609367&src=s&origin=reflist&refstat=core
https://www.scopus.com/redirect/linking.uri?targetURL=https%3a%2f%2fdoi.org%2f10.1109%2fIROS.1990.262497&locationID=3&categoryID=4&eid=2-s2.0-85081609367&issn=21530866&linkType=ViewAtPublisher&year=1990&origin=reflist&dig=e11f908495121a77b6b93043dbb93aae
https://www.scopus.com/record/display.uri?eid=2-s2.0-0029535737&origin=reflist&sort=plf-f&src=s&st1=Sutyasadi&st2=Petrus&nlo=1&nlr=20&nls=count-f&sid=1143d0f026e32862f999ca465c5a0a19&sot=anl&sdt=aut&sl=38&s=AU-ID%28%22Sutyasadi%2c+Petrus%22+36968351900%29
https://www.scopus.com/search/submit/citedby.uri?eid=2-s2.0-85081544190&refeid=2-s2.0-0029535737&src=s&origin=reflist&refstat=core
https://www.scopus.com/record/display.uri?eid=2-s2.0-34047262689&origin=reflist&sort=plf-f&src=s&st1=Sutyasadi&st2=Petrus&nlo=1&nlr=20&nls=count-f&sid=1143d0f026e32862f999ca465c5a0a19&sot=anl&sdt=aut&sl=38&s=AU-ID%28%22Sutyasadi%2c+Petrus%22+36968351900%29
https://www.scopus.com/search/submit/citedby.uri?eid=2-s2.0-85081544190&refeid=2-s2.0-34047262689&src=s&origin=reflist&refstat=core
https://www.scopus.com/redirect/linking.uri?targetURL=https%3a%2f%2fdoi.org%2f10.1177%2f0278364907078089&locationID=3&categoryID=4&eid=2-s2.0-34047262689&issn=02783649&linkType=ViewAtPublisher&year=2007&origin=reflist&dig=a75c91afe3f54d3d59da96c2a1b67942
https://www.scopus.com/search/submit/citedby.uri?eid=2-s2.0-85081544190&refeid=2-s2.0-3242739038&src=s&origin=reflist&refstat=dummy
https://www.scopus.com/record/display.uri?eid=2-s2.0-84963607045&origin=reflist&sort=plf-f&src=s&st1=Sutyasadi&st2=Petrus&nlo=1&nlr=20&nls=count-f&sid=1143d0f026e32862f999ca465c5a0a19&sot=anl&sdt=aut&sl=38&s=AU-ID%28%22Sutyasadi%2c+Petrus%22+36968351900%29
https://www.scopus.com/search/submit/citedby.uri?eid=2-s2.0-85081544190&refeid=2-s2.0-84963607045&src=s&origin=reflist&refstat=core
https://www.scopus.com/redirect/linking.uri?targetURL=https%3a%2f%2fdoi.org%2f10.1016%2fj.mechatronics.2015.12.005&locationID=3&categoryID=4&eid=2-s2.0-84963607045&issn=09574158&linkType=ViewAtPublisher&year=2016&origin=reflist&dig=3e9e10eb82e9de3476d0f4c7a19ea671
https://www.scopus.com/record/display.uri?eid=2-s2.0-0025416905&origin=reflist&sort=plf-f&src=s&st1=Sutyasadi&st2=Petrus&nlo=1&nlr=20&nls=count-f&sid=1143d0f026e32862f999ca465c5a0a19&sot=anl&sdt=aut&sl=38&s=AU-ID%28%22Sutyasadi%2c+Petrus%22+36968351900%29
https://www.scopus.com/search/submit/citedby.uri?eid=2-s2.0-85081544190&refeid=2-s2.0-0025416905&src=s&origin=reflist&refstat=core
https://www.scopus.com/redirect/linking.uri?targetURL=https%3a%2f%2fdoi.org%2f10.1177%2f027836499000900206&locationID=3&categoryID=4&eid=2-s2.0-0025416905&issn=17413176&linkType=ViewAtPublisher&year=1990&origin=reflist&dig=2a14d5d0313557c84aee1ef8d66c6805
https://www.scopus.com/record/display.uri?eid=2-s2.0-85007372246&origin=reflist&sort=plf-f&src=s&st1=Sutyasadi&st2=Petrus&nlo=1&nlr=20&nls=count-f&sid=1143d0f026e32862f999ca465c5a0a19&sot=anl&sdt=aut&sl=38&s=AU-ID%28%22Sutyasadi%2c+Petrus%22+36968351900%29
https://www.scopus.com/search/submit/citedby.uri?eid=2-s2.0-85081544190&refeid=2-s2.0-85007372246&src=s&origin=reflist&refstat=core
https://www.fujipress.jp/main/wp-content/themes/Fujipress/pdf_subscribed.php
https://www.scopus.com/redirect/linking.uri?targetURL=https%3a%2f%2fdoi.org%2f10.20965%2fjrm.2016.p0799&locationID=3&categoryID=4&eid=2-s2.0-85007372246&issn=18838049&linkType=ViewAtPublisher&year=2016&origin=reflist&dig=6be3fbf4a770b66b25ec3ae3c3d734ed

Push...

Full
text
options

v

£

Export

] 17

] 20

] 21

] 22

] 23

Meng, J., Li, Y., Li, B.

A Dynamic Balancing Approach for a Quadruped Robot
Supported by Diagonal Legs (Open Access)

(2015) International Journal of Advanced Robotic Systems, 12 (10), art. no.
142. Cited 8 times.

http://arx.sagepub.com/content/by/year

doi: 10.5772/61542

View at Publisher

Polet, D., Bertram, J.

(2019) A simple model of a quadruped discovers single-foot walking and
trotting as energy optimal strategies

BioRXiv

Pratt, J., Tedrake, R.

(2005) Velocity based stability margins for fast bipedal walking. Cited 27
times.

Heidelberg

Raibert, H.M., Blankespoor, K., Nelson, G., Playter, R.
BigDog, the Rough-Terrain quadruped robot
(2008) /FAC World COngress. Cited 593 times.

Righetti, L., ljspeert, A.J.

Pattern generators with sensory feedback for the control of
quadruped locomotion (Open Access)

(2008) Proceedings - IEEE International Conference on Robotics and
Automation, art. no. 4543306, pp. 819-824. Cited 179 times.

ISBN: 978-142441647-9

doi: 10.1109/ROBOT.2008.4543306

View at Publisher

Skogestad, S.I.
(2001) Multivariable Feedback Control. Cited 6812 times.
John Wiley & Sons, New York, NY

Sutyasadi, P., Parnichkun, M.

Gait Tracking Control of Quadruped Robot Using Differential
Evolution Based Structure Specified Mixed Sensitivity H oo
Robust Control (Open Access)

(2016) Journal of Control Science and Engineering, 2016, art. no.
8760215. Cited 12 times.

http://www.hindawi.com/journals/jcse

doi: 10.1155/2016/8760215

View at Publisher


https://www.scopus.com/record/display.uri?eid=2-s2.0-85009344015&origin=reflist&sort=plf-f&src=s&st1=Sutyasadi&st2=Petrus&nlo=1&nlr=20&nls=count-f&sid=1143d0f026e32862f999ca465c5a0a19&sot=anl&sdt=aut&sl=38&s=AU-ID%28%22Sutyasadi%2c+Petrus%22+36968351900%29
https://www.scopus.com/search/submit/citedby.uri?eid=2-s2.0-85081544190&refeid=2-s2.0-85009344015&src=s&origin=reflist&refstat=core
http://arx.sagepub.com/content/by/year
https://www.scopus.com/redirect/linking.uri?targetURL=https%3a%2f%2fdoi.org%2f10.5772%2f61542&locationID=3&categoryID=4&eid=2-s2.0-85009344015&issn=17298814&linkType=ViewAtPublisher&year=2015&origin=reflist&dig=9f0f6aded598cf3aa4daa6a4547a23ba
https://www.scopus.com/search/submit/citedby.uri?eid=2-s2.0-85081544190&refeid=2-s2.0-47249149483&src=s&origin=reflist&refstat=dummy
https://www.scopus.com/search/submit/citedby.uri?eid=2-s2.0-85081544190&refeid=2-s2.0-70449442024&src=s&origin=reflist&refstat=dummy
https://www.scopus.com/record/display.uri?eid=2-s2.0-51649091002&origin=reflist&sort=plf-f&src=s&st1=Sutyasadi&st2=Petrus&nlo=1&nlr=20&nls=count-f&sid=1143d0f026e32862f999ca465c5a0a19&sot=anl&sdt=aut&sl=38&s=AU-ID%28%22Sutyasadi%2c+Petrus%22+36968351900%29
https://www.scopus.com/search/submit/citedby.uri?eid=2-s2.0-85081544190&refeid=2-s2.0-51649091002&src=s&origin=reflist&refstat=core
https://www.scopus.com/redirect/linking.uri?targetURL=https%3a%2f%2fdoi.org%2f10.1109%2fROBOT.2008.4543306&locationID=3&categoryID=4&eid=2-s2.0-51649091002&issn=10504729&linkType=ViewAtPublisher&year=2008&origin=reflist&dig=62e80e716e1c0082f28e9cd530319b12
https://www.scopus.com/search/submit/citedby.uri?eid=2-s2.0-85081544190&refeid=2-s2.0-0003429027&src=s&origin=reflist&refstat=dummy
https://www.scopus.com/record/display.uri?eid=2-s2.0-84987741179&origin=reflist&sort=plf-f&src=s&st1=Sutyasadi&st2=Petrus&nlo=1&nlr=20&nls=count-f&sid=1143d0f026e32862f999ca465c5a0a19&sot=anl&sdt=aut&sl=38&s=AU-ID%28%22Sutyasadi%2c+Petrus%22+36968351900%29
https://www.scopus.com/search/submit/citedby.uri?eid=2-s2.0-85081544190&refeid=2-s2.0-84987741179&src=s&origin=reflist&refstat=core
http://www.hindawi.com/journals/jcse
https://www.scopus.com/redirect/linking.uri?targetURL=https%3a%2f%2fdoi.org%2f10.1155%2f2016%2f8760215&locationID=3&categoryID=4&eid=2-s2.0-84987741179&issn=16875257&linkType=ViewAtPublisher&year=2016&origin=reflist&dig=498226700cfb0f8745df6ebdad3034da

Push... Full [] 24 Ugurlu, B., Havoutis, I, Semini, C., Caldwell, D.G.

te.Xt Dynamic trot-walking with the hydraulic quadruped robot -
options HyQ: Analytical trajectory generation and active compliance
v control
&3
Export (2013) /EEE International Conference on Intelligent Robots and Systems, art.

no. 6697234, pp. 6044-6051. Cited 62 times.
ISBN: 978-146736358-7
doi: 10.1109/IR0OS.2013.6697234

View at Publisher

[] 25 Wei-Gu, D., Petko, H., Konstantinov, M.M.
(2013) Robust Control Design with Matlab. Cited 611 times.
Springer, London

[ 26 Zhang, Z.G., Kimura, H., Fukuoka, Y.
Self-Stabilizing dynamics for a quadruped robot and extension toward
running on rough terrain
(2007) Journal of Robotics and Mechatronics, 19 (1), pp. 3-12. Cited 7 times.

[J 27 Zhang, G., Chai, H., Rong, X., Li, Y., Li, B.

An impact recovery approach for quadruped robot with
trotting gait

(2014) 2014 IEEE International Conference on Information and Automation,
ICIA 2014, art. no. 6932764, pp. 819-824. Cited 5 times.

ISBN: 978-147994100-1

doi: 10.1109/ICInfA.2014.6932764

View at Publisher
9 Sutyasadi, P.; Department of Mechatronics, Politeknik Mekatronika Sanata Dharma,

Yogyakarta, Indonesia; email:peter@pmsd.ac.id
© Copyright 2021 Elsevier B.V., All rights reserved.

< Back to results | < Previous 3 of 10 Next> ~ Top of page


https://www.scopus.com/record/display.uri?eid=2-s2.0-84893807239&origin=reflist&sort=plf-f&src=s&st1=Sutyasadi&st2=Petrus&nlo=1&nlr=20&nls=count-f&sid=1143d0f026e32862f999ca465c5a0a19&sot=anl&sdt=aut&sl=38&s=AU-ID%28%22Sutyasadi%2c+Petrus%22+36968351900%29
https://www.scopus.com/search/submit/citedby.uri?eid=2-s2.0-85081544190&refeid=2-s2.0-84893807239&src=s&origin=reflist&refstat=core
https://www.scopus.com/redirect/linking.uri?targetURL=https%3a%2f%2fdoi.org%2f10.1109%2fIROS.2013.6697234&locationID=3&categoryID=4&eid=2-s2.0-84893807239&issn=21530858&linkType=ViewAtPublisher&year=2013&origin=reflist&dig=7c9037a7ba8edc42b320afd41f8e6880
https://www.scopus.com/search/submit/citedby.uri?eid=2-s2.0-85081544190&refeid=2-s2.0-34547911358&src=s&origin=reflist&refstat=dummy
https://www.scopus.com/search/submit/citedby.uri?eid=2-s2.0-85081544190&refeid=2-s2.0-58249088971&src=s&origin=reflist&refstat=dummy
https://www.scopus.com/record/display.uri?eid=2-s2.0-84914174230&origin=reflist&sort=plf-f&src=s&st1=Sutyasadi&st2=Petrus&nlo=1&nlr=20&nls=count-f&sid=1143d0f026e32862f999ca465c5a0a19&sot=anl&sdt=aut&sl=38&s=AU-ID%28%22Sutyasadi%2c+Petrus%22+36968351900%29
https://www.scopus.com/search/submit/citedby.uri?eid=2-s2.0-85081544190&refeid=2-s2.0-84914174230&src=s&origin=reflist&refstat=core
https://www.scopus.com/redirect/linking.uri?targetURL=https%3a%2f%2fdoi.org%2f10.1109%2fICInfA.2014.6932764&locationID=3&categoryID=4&eid=2-s2.0-84914174230&issn=&linkType=ViewAtPublisher&year=2014&origin=reflist&dig=e1a14e8cb36aa090d59f9c6502332bbe
mailto:peter@pmsd.ac.id
https://www.scopus.com/results/results.uri?sort=plf-f&src=s&st1=Sutyasadi&st2=Petrus&nlo=1&nlr=20&nls=count-f&sid=1143d0f026e32862f999ca465c5a0a19&sot=anl&sdt=aut&sl=38&s=AU-ID%28%22Sutyasadi%2c+Petrus%22+36968351900%29&offset=3&origin=recordpage
https://www.scopus.com/record/display.uri?origin=recordpage&eid=2-s2.0-85111113933&citeCnt=3&noHighlight=false&sort=plf-f&src=s&st1=Sutyasadi&st2=Petrus&nlo=1&nlr=20&nls=count-f&sid=1143d0f026e32862f999ca465c5a0a19&sot=anl&sdt=aut&sl=38&s=AU-ID%28%22Sutyasadi%2c+Petrus%22+36968351900%29&relpos=1
https://www.scopus.com/record/display.uri?origin=recordpage&eid=2-s2.0-85084065623&citeCnt=3&noHighlight=false&sort=plf-f&src=s&st1=Sutyasadi&st2=Petrus&nlo=1&nlr=20&nls=count-f&sid=1143d0f026e32862f999ca465c5a0a19&sot=anl&sdt=aut&sl=38&s=AU-ID%28%22Sutyasadi%2c+Petrus%22+36968351900%29&relpos=3

Push... Full

S
fons

About Sco%btht

What is Scopus
Content coveraggxgort
Scopus blog

Scopus API

Privacy matters

Language

BAECUIDERXD
REIE AL
TIRE| ERR X

Pycckun s3bik

Customer Service

Help
Tutorials

Contact us

ELSEVIER

Terms and conditions 7 Privacy policy 7

Copyright © Elsevier B.V 7. All rights reserved. Scopus® is a registered trademark of Elsevier B.V.

We use cookies to help provide and enhance our service and tailor content. By continuing, you agree to the use of cookies.

RELX


https://www.elsevier.com/online-tools/scopus?dgcid=RN_AGCM_Sourced_300005030
https://www.elsevier.com/online-tools/scopus/content-overview/?dgcid=RN_AGCM_Sourced_300005030
https://blog.scopus.com/
https://dev.elsevier.com/
https://www.elsevier.com/about/our-business/policies/privacy-principles?dgcid=RN_AGCM_Sourced_300005030
https://www.scopus.com/personalization/switch/Japanese.uri?origin=recordpage&zone=footer&locale=ja_JP
https://www.scopus.com/personalization/switch/Chinese.uri?origin=recordpage&zone=footer&locale=zh_CN
https://www.scopus.com/personalization/switch/Chinese.uri?origin=recordpage&zone=footer&locale=zh_TW
https://www.scopus.com/personalization/switch/Russian.uri?origin=recordpage&zone=footer&locale=ru_RU
https://www.scopus.com/standard/contactUs.uri?pageOrigin=footer
https://service.elsevier.com/app/answers/detail/a_id/14799/supporthub/scopus/
https://www.scopus.com/standard/contactForm.uri?pageOrigin=footer
https://www.elsevier.com/?dgcid=RN_AGCM_Sourced_300005030
https://www.elsevier.com/locate/termsandconditions?dgcid=RN_AGCM_Sourced_300005030
https://www.elsevier.com/locate/privacypolicy?dgcid=RN_AGCM_Sourced_300005030
https://www.elsevier.com/?dgcid=RN_AGCM_Sourced_300005030
https://www.scopus.com/cookies/policy.uri
http://www.relx.com/

JIT SCIMAGO INSTITUTIONS RANKINGS

SJ R Scimago Journal & Country Rank

Home Journal Rankings Country Rankings Viz Tools Help About Us

® X

Contact us now.

Supply Flocculant, Anti Scalant

PT Adimitra Prima Lestari OPEN

Industrial Robot

COUNTRY SUBJECT AREA AND PUBLISHER H-INDEX
CATEGORY
United Kingdom Emerald Group Publishing
Computer Science Ltd.
‘7 .
__ Universities and Computer Science
11 research institutions in Applications
United Kingdom
Engineering
— Control and Systems
Engineering

" Industrial and
Manufacturing

Engineering
PUBLICATION TYPE ISSN COVERAGE INFORMATION
Journals 0143991X, 17585791 1973-1989, 1991, 1993, Homepage

1995-2021
How to publish in this

journal

emerald@coastlinetechnol
ogy.com


https://www.scimagoir.com/
https://www.scimagoir.com/
https://www.scimagoir.com/
https://www.scimagojr.com/
https://www.scimagojr.com/
https://www.scimagojr.com/
https://www.scimagojr.com/index.php
https://www.scimagojr.com/index.php
https://www.scimagojr.com/journalrank.php
https://www.scimagojr.com/journalrank.php
https://www.scimagojr.com/countryrank.php
https://www.scimagojr.com/countryrank.php
https://www.scimagojr.com/viztools.php
https://www.scimagojr.com/viztools.php
https://www.scimagojr.com/help.php
https://www.scimagojr.com/help.php
https://www.scimagojr.com/aboutus.php
https://www.scimagojr.com/aboutus.php
https://www.scimagojr.com/journalrank.php?country=GB
https://www.scimagojr.com/journalrank.php?country=GB
https://www.scimagoir.com/rankings.php?country=GBR
https://www.scimagojr.com/journalrank.php?area=1700
https://www.scimagojr.com/journalrank.php?area=1700
https://www.scimagojr.com/journalrank.php?area=2200
https://www.scimagojr.com/journalrank.php?area=2200
https://www.scimagojr.com/journalsearch.php?q=Emerald%20Group%20Publishing%20Ltd.&tip=pub
https://www.scimagojr.com/journalsearch.php?q=Emerald%20Group%20Publishing%20Ltd.&tip=pub
https://www.scimagojr.com/journalsearch.php?q=Emerald%20Group%20Publishing%20Ltd.&tip=pub
https://www.scimagojr.com/journalsearch.php?q=Emerald%20Group%20Publishing%20Ltd.&tip=pub
https://www.emerald.com/insight/publication/issn/0143-991x
https://www.emerald.com/insight/publication/issn/0143-991x
https://www.emeraldgrouppublishing.com/journal/ir?distinct_id=171770e2725133-0fbe4b54a759e7-3a36530f-100200-171770e272637b&_ga=2.245672770.772396294.1598243888-2043824356.1586840351#author-guidelines
https://www.emeraldgrouppublishing.com/journal/ir?distinct_id=171770e2725133-0fbe4b54a759e7-3a36530f-100200-171770e272637b&_ga=2.245672770.772396294.1598243888-2043824356.1586840351#author-guidelines
https://www.emeraldgrouppublishing.com/journal/ir?distinct_id=171770e2725133-0fbe4b54a759e7-3a36530f-100200-171770e272637b&_ga=2.245672770.772396294.1598243888-2043824356.1586840351#author-guidelines
https://www.emeraldgrouppublishing.com/journal/ir?distinct_id=171770e2725133-0fbe4b54a759e7-3a36530f-100200-171770e272637b&_ga=2.245672770.772396294.1598243888-2043824356.1586840351#author-guidelines
mailto:emerald@coastlinetechnology.com
mailto:emerald@coastlinetechnology.com
mailto:emerald@coastlinetechnology.com
mailto:emerald@coastlinetechnology.com
https://www.scimagoir.com/rankings.php?country=GBR
https://www.scimagoir.com/rankings.php?country=GBR
https://www.scimagoir.com/rankings.php?country=GBR
https://www.scimagojr.com/journalrank.php?category=1706
https://www.scimagojr.com/journalrank.php?category=1706
https://www.scimagojr.com/journalrank.php?category=1706
https://www.scimagojr.com/journalrank.php?category=1706
https://www.scimagojr.com/journalrank.php?category=2207
https://www.scimagojr.com/journalrank.php?category=2207
https://www.scimagojr.com/journalrank.php?category=2207
https://www.scimagojr.com/journalrank.php?category=2207
https://www.scimagojr.com/journalrank.php?category=2209
https://www.scimagojr.com/journalrank.php?category=2209
https://www.scimagojr.com/journalrank.php?category=2209
https://www.scimagojr.com/journalrank.php?category=2209
https://www.scimagojr.com/journalrank.php?category=2209
https://www.scimagojr.com/journalrank.php?category=2209

SCOPE

Industrial Robot publishes peer reviewed research articles, technology reviews and specially commissioned case studies.
Each issue includes high quality content covering all aspects of robotic technology, and reflecting the most interesting and
strategically important research and development activities from around the world. The journal’s policy of not publishing
work that has only been tested in simulation means that only the very best and most practical research articles are
included. This ensures that the material that is published has real relevance and value for commercial manufacturing and
research organizations. Industrial Robot's coverage includes, but is not restricted to: Automatic assembly Flexible
manufacturing Programming optimisation Simulation and offline programming Service robots Autonomous robots Swarm
intelligence Humanoid robots Prosthetics and exoskeletons Machine intelligence Military robots Underwater and aerial
robots Cooperative robots Flexible grippers and tactile sensing Robot vision Teleoperation Mobile robots Search and rescue
robots Robot welding Collision avoidance Robotic machining Surgical robots Call for Papers 2020 Al for Autonomous
Unmanned Systems Agricultural Robot Brain-Computer Interfaces for Human-Robot Interaction Cooperative Robots Robots
for Environmental Monitoring Rehabilitation Robots Wearable Robotics/Exoskeletons.

(Q Join the conversation about this journal

N Quartiles

FIND SIMILAR JOURNALS @

Robotics Robotica Robotics and Autonomous Journal of Ir
, Systems Robotic Sys


https://www.scimagojr.com/journalsearch.php?q=18047&tip=sid&clean=0#wp-comments-response
https://www.scimagojr.com/journalsearch.php?q=18047&tip=sid&clean=0#wp-comments-response
https://www.scimagojr.com/journalsearch.php?q=18047&tip=sid&clean=0#wp-comments-response
https://www.scimagojr.com/journalsearch.php?q=21100833833&tip=sid&clean=0
https://www.scimagojr.com/journalsearch.php?q=21100833833&tip=sid&clean=0
https://www.scimagojr.com/journalsearch.php?q=21100833833&tip=sid&clean=0
https://www.scimagojr.com/journalsearch.php?q=21100833833&tip=sid&clean=0
https://www.scimagojr.com/journalsearch.php?q=21100833833&tip=sid&clean=0
https://www.scimagojr.com/journalsearch.php?q=21100833833&tip=sid&clean=0
https://www.scimagojr.com/journalsearch.php?q=21100833833&tip=sid&clean=0
https://www.scimagojr.com/journalsearch.php?q=21100833833&tip=sid&clean=0
https://www.scimagojr.com/journalsearch.php?q=21100833833&tip=sid&clean=0
https://www.scimagojr.com/journalsearch.php?q=21100833833&tip=sid&clean=0
https://www.scimagojr.com/journalsearch.php?q=18078&tip=sid&clean=0
https://www.scimagojr.com/journalsearch.php?q=18078&tip=sid&clean=0
https://www.scimagojr.com/journalsearch.php?q=18078&tip=sid&clean=0
https://www.scimagojr.com/journalsearch.php?q=18078&tip=sid&clean=0
https://www.scimagojr.com/journalsearch.php?q=18078&tip=sid&clean=0
https://www.scimagojr.com/journalsearch.php?q=18078&tip=sid&clean=0
https://www.scimagojr.com/journalsearch.php?q=18078&tip=sid&clean=0
https://www.scimagojr.com/journalsearch.php?q=18078&tip=sid&clean=0
https://www.scimagojr.com/journalsearch.php?q=18078&tip=sid&clean=0
https://www.scimagojr.com/journalsearch.php?q=18078&tip=sid&clean=0
https://www.scimagojr.com/journalsearch.php?q=18079&tip=sid&clean=0
https://www.scimagojr.com/journalsearch.php?q=18079&tip=sid&clean=0
https://www.scimagojr.com/journalsearch.php?q=18079&tip=sid&clean=0
https://www.scimagojr.com/journalsearch.php?q=18079&tip=sid&clean=0
https://www.scimagojr.com/journalsearch.php?q=18079&tip=sid&clean=0
https://www.scimagojr.com/journalsearch.php?q=18079&tip=sid&clean=0
https://www.scimagojr.com/journalsearch.php?q=18079&tip=sid&clean=0
https://www.scimagojr.com/journalsearch.php?q=18079&tip=sid&clean=0
https://www.scimagojr.com/journalsearch.php?q=18079&tip=sid&clean=0
https://www.scimagojr.com/journalsearch.php?q=18079&tip=sid&clean=0
https://www.scimagojr.com/journalsearch.php?q=18079&tip=sid&clean=0
https://www.scimagojr.com/journalsearch.php?q=24360&tip=sid&clean=0
https://www.scimagojr.com/journalsearch.php?q=24360&tip=sid&clean=0
https://www.scimagojr.com/journalsearch.php?q=24360&tip=sid&clean=0
https://www.scimagojr.com/journalsearch.php?q=24360&tip=sid&clean=0
https://www.scimagojr.com/journalsearch.php?q=24360&tip=sid&clean=0
https://www.scimagojr.com/journalsearch.php?q=24360&tip=sid&clean=0
https://www.scimagojr.com/journalsearch.php?q=24360&tip=sid&clean=0
https://www.scimagojr.com/journalsearch.php?q=24360&tip=sid&clean=0
https://www.scimagojr.com/journalsearch.php?q=24360&tip=sid&clean=0
https://www.scimagojr.com/journalsearch.php?q=24360&tip=sid&clean=0
https://www.scimagojr.com/journalsearch.php?q=24360&tip=sid&clean=0
https://www.scimagojr.com/journalsearch.php?q=24360&tip=sid&clean=0

1999 2002 2005 2008 2011

@ Total Cites @ Self-Cites

600

300

2014 2017 2020

0 M

1999 2002 2005 2008 2011

2014 2017 2020

© External Cites per Doc @ Cites per Doc \9\ &8

1999 2002 2005 2008 2011

© % International Collaboration

1999 2002 2005 2008 2011

2014 2017 2020

=

2014 2017 2020

© cited documents @ Uncited documents R EE

400

200

0
1999 2002 2005 2008 2011

G sClmago Graphica

Explore, visually
communicate and make
sense of data with our new
free tool.

2014 2017 2020

1999 2002 2005 2008 2011 2014 2017 2020

Citations per document

1999 2002 2005 2008 2011

Cites / Doc. (4 years)
@ Cites/ Doc. (3 years)
@ Cites/ Doc. (2 years)
@ Citable documents @ Non-citable documents W E2:]

400

1999 2002 2005 2008 2011 2014 2017 2020

Industrial Robot « Show this widget in
your own website
- Control and
. Systems Just copy the code below
SN E"Qi"ee;i“‘-: " and paste within your html
st quartile
Py code:

SJR 2021
0.44 - [<a href="https://www.scim

powered by scimagojr.com

2014 2017




Welcome Universitas Sanata Dharma

Home / Journals / Industrial Robot

Industrial Robot

Issue(s) available: 244 - From Volume: 1 Issue: 1, to Volume: 49 Issue: 3

Strapline:
The international journal of robotics research and application

Subjects: Engineering > Industrial engineering, design & manufacturing

Subscribe to table of contents alerts = & N RSS feed

Search within this journal Q

v Volume 49

e Issue3 2022 Industry 4.0
e |ssue 2 2022
e |ssue1 2022

v Volume 48

e |ssue 6 2021
e Issue5 2021 Learning-based vision perception for industrial robots
e [ssued 2021
e |ssue3 2021
e [ssue?2 2021
e |ssue 1 2021

v Volume 47

e |ssue6 2020
e |ssue5 2020
e |ssue4d 2020
e |ssue3 2020
e |ssue 2 2020
e |ssue 1 2020

v Volume 46

e [ssueb 2019

e [ssue5 2019

e |ssued 2019 Human-Robot Collaboration

e Issue3 2019 Cross-Modal Perception for Industrial Robots
e |ssue?2 2019

Enter your search terms here (OQ Advanced search

emerald e ‘

PUBLISHING Vo O Humsber S IILN

Industrial Robot

ISSN:

(=R
Serial

Q[]Pr%eeg.‘?te' start - end:
1973

Copyright Holder:
Emerald Publishing

Limited

Open Access:

hybrid

Editor:
e Dr Clive Loughlin

Further Information

e About the journal

e Purchase information
e Editorial team

e Write for this journal

A"\

Signatory of

- DORA

eV

Support & Feedback &  Manage cookies


https://www.emerald.com/insight/browse/publications?subject=cat-ENGG
https://www.emerald.com/insight/browse/publications?subject=cat-IEDM
https://www.emerald.com/insight/rss/0143-991x/latest
https://www.emerald.com/insight/publication/issn/0143-991x/vol/49/iss/3
https://www.emerald.com/insight/publication/issn/0143-991x/vol/49/iss/2
https://www.emerald.com/insight/publication/issn/0143-991x/vol/49/iss/1
https://www.emerald.com/insight/publication/issn/0143-991x/vol/48/iss/6
https://www.emerald.com/insight/publication/issn/0143-991x/vol/48/iss/5
https://www.emerald.com/insight/publication/issn/0143-991x/vol/48/iss/4
https://www.emerald.com/insight/publication/issn/0143-991x/vol/48/iss/3
https://www.emerald.com/insight/publication/issn/0143-991x/vol/48/iss/2
https://www.emerald.com/insight/publication/issn/0143-991x/vol/48/iss/1
https://www.emerald.com/insight/publication/issn/0143-991x/vol/47/iss/6
https://www.emerald.com/insight/publication/issn/0143-991x/vol/47/iss/5
https://www.emerald.com/insight/publication/issn/0143-991x/vol/47/iss/4
https://www.emerald.com/insight/publication/issn/0143-991x/vol/47/iss/3
https://www.emerald.com/insight/publication/issn/0143-991x/vol/47/iss/2
https://www.emerald.com/insight/publication/issn/0143-991x/vol/47/iss/1
https://www.emerald.com/insight/publication/issn/0143-991x/vol/46/iss/6
https://www.emerald.com/insight/publication/issn/0143-991x/vol/46/iss/5
https://www.emerald.com/insight/publication/issn/0143-991x/vol/46/iss/4
https://www.emerald.com/insight/publication/issn/0143-991x/vol/46/iss/3
https://www.emerald.com/insight/publication/issn/0143-991x/vol/46/iss/2
https://www.emerald.com/insight/publication/issn/0143-991x/vol/46/iss/1
http://www.emeraldgrouppublishing.com/journal/ir
http://www.emeraldgrouppublishing.com/products/purchase-trial-options
http://www.emeraldgrouppublishing.com/journal/ir#editorial-team
http://www.emeraldgrouppublishing.com/journal/ir#author-guidelines
https://sfdora.org/
https://www.emerald.com/insight/advanced-search
https://www.emerald.com/insight/
https://www.emerald.com/insight/sitemap/publications#journals

Home » Find a journal » Industrial Robot

ermerald BT
FLBLIEHING Wi e O P v O HEAE

Industrial Robot

----- FREACN TR G P

Industrial Robot

ISSN: 014 3-991x

Submit your paper ( Calls for papers >

Useful links:

Table of contents

Get a sample article
How to subscribe & buy

Virtual issues

On this page

UPDATE PRIVACY SETTINGS
~

. .
| i W S By

We are using cookies to give you the best
exnerience on our wehsite biit vou are free to A ~mant all ~~ALiae


https://www.emerald.com/insight/publication/issn/0143-991x
https://www.emerald.com/insight/content/doi/10.1108/IR-11-2018-0223/full/html?distinct_id=17dc399bdfb377-03538043d8a1ae-4303066-1fa400-17dc399bdfd80c&_ga=2.128529679.2099430632.1643018515-709472308.1639664166
https://www.emeraldgrouppublishing.com/explore-our-content/purchase-trial-options
https://www.emeraldgrouppublishing.com/industrial-robot-virtual-issues
https://www.emeraldgrouppublishing.com/
https://www.emeraldgrouppublishing.com/publish-with-us/publish-in-a-journal/find-a-journal
https://preflight.paperpal.com/partner/emerald/indusrobot/submit

i R A I'\\_\;Cl;}\. Attt CUUNLITO

manage these at any time. To continue with our .
standard settings click "Accept”. To find out more Manage cookies
and manage your cookies, click ‘Manage cookies”

Aims & scope

Editorial team

Editor

Dr Clive Loughlin
llkley - UK
emerald@coastlinetechnology.com

Associate Editor

Robert Bogue
Robert W Bogue - UK

Dimitrios Chrysostomou
Aalborg University - Denmark

Sheng-Jen Hsieh
Texas A&GM University - USA

J. Norberto Pires
Centre for Mechanical Engineering, Materials and Processes, University of Coimbra - Portugal

Joanne Pransky
Robotic Psychiatrist - USA

Publisher

Summer Wang
Emerald Publishing - People's Republic of China
swang@emerald.com

Journal Editorial Office (For queries related to pre-acceptance)

Apurva Deorukhkar
Emerald Publishing

Apurva.Emerald@kwglobal.com UROATE PRIVACY SETTINGS

~

We are using cookies to give you the best
exnerience on our wehsite hit vonl are free to A ~rrant all ~A~ALiae


mailto:emerald@coastlinetechnology.com
mailto:swang@emerald.com
mailto:Apurva.Emerald@kwglobal.com

i R A I'\\_\;Cl;}\ Attt CUUNLITO

manage these at any time. To continue with our .
standard settings click "Accept”. To find out more Manage cookies
and manage your cookies, click ‘Manage cookies”

Vinayak Krishna Salunke
Emerald Publishing
vinayak.emerald@kwglobal.com

Editorial Advisory Board

Zhuming Bi
Indiana State University Purdue University Fort Wayne - USA

John Billingsley
University of Southern Queensland - Australia

Luca Bruzzone
University of Genova - [taly

Rob Buckingham
UK Atomic Energy Authority - UK

Darwin Caldwell

Italian Institute of Technology - Italy

Heping Chen

Texas State University San Marcos - USA

Shengyong Chen

Tianjin University of Technology - People's Republic of China
Mingjie Dong

Beijing University of Technology - China

Wendy Flores-Fuentes
Autonomous University of Baja California - Mexico

Hector Montes Franceschi
Centre for Automation and Robotics (CSIC-UPM) - Spain

Pablo Gonzalez-de-Santos
Centre for Automation and Robotics - Spain

Maki Habib

The American University in Cairo - Egypt

Norio Kodaira

Mitsubishi Electric Corporation - Japan

Bing Li

Harbin Institute of Technology - People's Republic of China

Dong Liu

Dalian University of Technology - China
Honghai Liu

University of Portsmouth - UK

Jie Liu

Rehabilitation Institute of Chicago - USA

Giovanni Muscato
Universita degli Studi di Cantania - Italy

Andreas Nearchou
University of Patras - Greece

Geoff Pegman
R I RAhnte | imited - | IK

We are using cookies to give you the best
exnerience on our wehsite hit vonl are free to A ~mant all A~ALiae

UPDATE PRIVACY SETTINGS
~~


mailto:vinayak.emerald@kwglobal.com

i R A I'\\_\.«C'.J\ Attt CUUNLITO

manage these at any time. To continue with our .
standard settings click "Accept”. To find out more Manage cookies
and manage your cookies, click ‘"Manage cookies”

The Miguel Hernandez University of Elche - Spain

Manuel Fernando dos Santos Silva
School of Engineering, Polytechnic Institute of Porto - Portugal

Osman Tokhi
London South Bank University - UK

William Townsend
Barrett Technology Inc - USA

Gurvinder Virk
InnotechUK - UK

/helong Wang
Dalian University of Technology - People's Republic of China

Jun Wu
Tsinghua University - People's Republic of China

Ken Young
Manufacturing Technology Centre - UK

Wenwei Yu
Chiba University - Japan

Tao Zhang
Tsinghua University - People's Republic of China

Author guidelines

Journal news

Literati Awards

Calls for papers

We are using cookies to give you the best
exnerience on our wehsite bit vou are free to A ~rant all ~A~ALiae

UPDATE PRIVACY SETTINGS
~



et R e At I'\\_\.C'.J\ Attt CUUNLITO

manage these at any time. To continue with our
standard settings click "Accept”. To find out more
and manage your cookies, click ‘Manage cookies”

Manage cookies

Indexing & rankings

Related journals

Other Engineering Journals

See all related journals

? emerald 2SoN so53-geon emerald
RBUSHNG  vemermeosom . foemerad

International Journal Journal of Intelligent
». of Industrial Engineering Manufacturing and

and Operations Special Equipment

>
ﬂ Memagensent S JIMSE O
R T g Procgiies: acsm 7
E\ IECM & s
l. ;\\‘ X Ny '

International Journal Journal of Intelligent
of Industrial Manufacturing and
Engineering and Special Equipment
Operations
Management

UPDATE PRIVACY SETTINGS
~~

We are using cookies to give you the best
exnerience on olr wehsite bit vou are free to A ~mant all ~~ALiae


https://www.emeraldgrouppublishing.com/products/journals/find-a-journal?tid=40185
https://www.emeraldgrouppublishing.com/journal/ijieom
https://www.emeraldgrouppublishing.com/journal/jimse

COVID-19: information on accessing the platform off-site here. Please visit our page. Close X

Welcome Universitas Sanata Dharma

Enter your search terms here (OQ Advanced search

Home / Journals / Industrial Robot / Volume 47 Issue 3

emerald o s
FLBLIEH{IHG e OF Humber QR IF1LE ‘

Industrial Robot: volume 47 Issue 3

Industrial Robot
Strapline: B

The international journal of robotics research and application

Subjects: Engineering > Industrial engineering, design & v
manufacturing

Subscribe to table of contents alerts & N RSS feed

Table of contents ssh:
kbl

Serial )

Sensing skins for robots: product developments and recent research QHilsefgte. start - end:

1973

Robert Bogue
Copyright Holder:

This paper aims to provide details of the use of sensing skins by robots through referencg,rf%%g(li%r%lépc“%ﬁ]Igf%ducts

Limite
and recent research.

Open Access:

hybrid
HTML Editor:
: e Dr Clive Loughlin
4] PDF (2.1 MB)
@ Reprints & Permissions Further |nf0rmatlon
e About the journal
DOWNLOADS

Purchase information
Editorial team
Write for this journal

A
155

The Pransky interview: Dr. Matanya Horowitz, founder and CEO of AMP robotics

Joanne Pransky

This paper is a “Q&A interview” conducted by Joanne Pransky of Industrial Robot Journal as a method to impart the combined
technological, business and personal experience...

HTML
PDF (1.5 MB)

#g Reprints & Permissions

DOWNLOADS

|5

Support & Feedback &  Manage cookies


https://www.emerald.com/insight/browse/publications?subject=cat-ENGG
https://www.emerald.com/insight/browse/publications?subject=cat-IEDM
https://www.emerald.com/insight/rss/0143-991x/latest
https://www.emerald.com/insight/content/doi/10.1108/IR-02-2020-0042/full/html
https://www.emerald.com/insight/search?q=Robert%20Bogue
https://www.emerald.com/insight/content/doi/10.1108/IR-02-2020-0042/full/html
https://www.emerald.com/insight/content/doi/10.1108/IR-02-2020-0042/full/pdf?title=sensing-skins-for-robots-product-developments-and-recent-research
javascript:;
https://www.emerald.com/insight/content/doi/10.1108/IR-02-2020-0038/full/html
https://www.emerald.com/insight/search?q=Joanne%20Pransky
https://www.emerald.com/insight/content/doi/10.1108/IR-02-2020-0038/full/html
https://www.emerald.com/insight/content/doi/10.1108/IR-02-2020-0038/full/pdf?title=the-pransky-interview-dr-matanya-horowitz-founder-and-ceo-of-amp-robotics
javascript:;
http://www.emeraldgrouppublishing.com/journal/ir
http://www.emeraldgrouppublishing.com/products/purchase-trial-options
http://www.emeraldgrouppublishing.com/journal/ir#editorial-team
http://www.emeraldgrouppublishing.com/journal/ir#author-guidelines
https://emeraldpublishinggroup.freshdesk.com/support/solutions/articles/36000213997-covid-19-planning-for-off-campus-access-in-the-event-of-university-closures
https://www.emerald.com/insight/advanced-search
https://www.emerald.com/insight/
https://www.emerald.com/insight/sitemap/publications#journals
https://www.emerald.com/insight/publication/issn/0143-991x

Deviation from the direction of motion across gaits in a hexapodal robot

Zijie Niu, Aiwen Zhan, Yongjie Cui

The purpose of this study is to test a chassis robot on rugged road cargo handling.

HTML
PDF (1.7 MB)

¥y Reprints & Permissions

DOWNLOADS

D\
BE

Deep reinforcement learning-based attitude motion control for humanoid robots with stability constraints

Qun Shi, Wangda Ying, Lei Lv, Jiajun Xie

This paper aims to present an intelligent motion attitude control algorithm, which is used to solve the poor precision
problems of motion-manipulation control and the...

HIML
PDF (1.7 MB)

¥y Reprints & Permissions

DOWNLOADS

A
248

sEMG-based variable impedance control of lower-limb rehabilitation robot using wavelet neural network and
model reference adaptive control

Rohollah Hasanzadeh Fereydooni, Hassan Siahkali, Heidar Ali Shayanfar, Amir Houshang Mazinan

This paper aims to propose an innovative adaptive control method for lower-limb rehabilitation robots.

TML

vJ [5J
T

o

F(

—

.6 MB)

&

Reprints & Permissions

DOWNLOADS

AS

Practical application of a safe human-robot interaction software

Mustafa Can Bingol, Omur Aydogmus

Support & Feedback &  Manage cookies



https://www.emerald.com/insight/content/doi/10.1108/IR-03-2019-0054/full/html
https://www.emerald.com/insight/search?q=Zijie%20Niu
https://www.emerald.com/insight/search?q=Aiwen%20Zhan
https://www.emerald.com/insight/search?q=Yongjie%20Cui
https://www.emerald.com/insight/content/doi/10.1108/IR-03-2019-0054/full/html
https://www.emerald.com/insight/content/doi/10.1108/IR-03-2019-0054/full/pdf?title=deviation-from-the-direction-of-motion-across-gaits-in-a-hexapodal-robot
javascript:;
https://www.emerald.com/insight/content/doi/10.1108/IR-11-2019-0240/full/html
https://www.emerald.com/insight/search?q=Qun%20Shi
https://www.emerald.com/insight/search?q=Wangda%20Ying
https://www.emerald.com/insight/search?q=Lei%20Lv
https://www.emerald.com/insight/search?q=Jiajun%20Xie
https://www.emerald.com/insight/content/doi/10.1108/IR-11-2019-0240/full/html
https://www.emerald.com/insight/content/doi/10.1108/IR-11-2019-0240/full/pdf?title=deep-reinforcement-learning-based-attitude-motion-control-for-humanoid-robots-with-stability-constraints
javascript:;
https://www.emerald.com/insight/content/doi/10.1108/IR-10-2019-0210/full/html
https://www.emerald.com/insight/search?q=Rohollah%20Hasanzadeh%20Fereydooni
https://www.emerald.com/insight/search?q=Hassan%20Siahkali
https://www.emerald.com/insight/search?q=Heidar%20Ali%20Shayanfar
https://www.emerald.com/insight/search?q=Amir%20Houshang%20Mazinan
https://www.emerald.com/insight/content/doi/10.1108/IR-10-2019-0210/full/html
https://www.emerald.com/insight/content/doi/10.1108/IR-10-2019-0210/full/pdf?title=semg-based-variable-impedance-control-of-lower-limb-rehabilitation-robot-using-wavelet-neural-network-and-model-reference-adaptive-control
javascript:;
https://www.emerald.com/insight/content/doi/10.1108/IR-09-2019-0180/full/html
https://www.emerald.com/insight/search?q=Mustafa%20Can%20Bingol
https://www.emerald.com/insight/search?q=Omur%20Aydogmus

together. Theretore, human security has become...

HTML
PDF (2.6 MB)

@ Reprints & Permissions

DOWNLOADS

AS

Design and locomotivity analysis of a novel deformable two-wheel-like mobile mechanism

Qiangian Zhang, Yezhuo Li, Yan-An Yao, Ruiming Li

The purpose of this paper is to propose a deformable two-wheel-like mobile mechanism based on overconstrained
mechanism, with the abilities of fast rolling and obstacle...

HIML
PDF (3.2 MB)

@ Reprints & Permissions

DOWNLOADS

A

Posture adjustment method for large components of aircraft based on hybrid force-position control

Wenmin Chu, Xiang Huang

Flexible tooling for adjusting the posture of large components of aircraft (LCA) is composed of several numerical control
locators (NCLs). Because of the manufacture and...

HTML
PDF (2.6 MB)

@ Reprints & Permissions

DOWNLOADS

A

Human-robot shared control for humanoid manipulator trajectory planning

Yuanchao Zhu, Canjun Yang, Qianxiao Wei, Xin Wu, Wei Yang

This paper aims to propose an intuitive shared control strategy to control a humanoid manipulator that can fully combine the
advantages of humans and machines to produce a...

HTML
PDF (3.1 MB)

@ Reprints & Permissions

DOWNLOADS

Support & Feedback &  Manage cookies


https://www.emerald.com/insight/content/doi/10.1108/IR-09-2019-0180/full/html
https://www.emerald.com/insight/content/doi/10.1108/IR-09-2019-0180/full/pdf?title=practical-application-of-a-safe-human-robot-interaction-software
javascript:;
https://www.emerald.com/insight/content/doi/10.1108/IR-09-2019-0183/full/html
https://www.emerald.com/insight/search?q=Qianqian%20Zhang
https://www.emerald.com/insight/search?q=Yezhuo%20Li
https://www.emerald.com/insight/search?q=Yan-An%20Yao
https://www.emerald.com/insight/search?q=Ruiming%20Li
https://www.emerald.com/insight/content/doi/10.1108/IR-09-2019-0183/full/html
https://www.emerald.com/insight/content/doi/10.1108/IR-09-2019-0183/full/pdf?title=design-and-locomotivity-analysis-of-a-novel-deformable-two-wheel-like-mobile-mechanism
javascript:;
https://www.emerald.com/insight/content/doi/10.1108/IR-10-2019-0212/full/html
https://www.emerald.com/insight/search?q=Wenmin%20Chu
https://www.emerald.com/insight/search?q=Xiang%20Huang
https://www.emerald.com/insight/content/doi/10.1108/IR-10-2019-0212/full/html
https://www.emerald.com/insight/content/doi/10.1108/IR-10-2019-0212/full/pdf?title=posture-adjustment-method-for-large-components-of-aircraft-based-on-hybrid-force-position-control
javascript:;
https://www.emerald.com/insight/content/doi/10.1108/IR-10-2019-0217/full/html
https://www.emerald.com/insight/search?q=Yuanchao%20Zhu
https://www.emerald.com/insight/search?q=Canjun%20Yang
https://www.emerald.com/insight/search?q=Qianxiao%20Wei
https://www.emerald.com/insight/search?q=Xin%20Wu
https://www.emerald.com/insight/search?q=Wei%20Yang
https://www.emerald.com/insight/content/doi/10.1108/IR-10-2019-0217/full/html
https://www.emerald.com/insight/content/doi/10.1108/IR-10-2019-0217/full/pdf?title=humanrobot-shared-control-for-humanoid-manipulator-trajectory-planning
javascript:;

Optimized 3D laser point cloud reconstruction by gradient descent technique

Ravinder Singh, Archana Khurana, Sunil Kumar

This study aims to develop an optimized 3D laser point reconstruction using Descent Gradient algorithm. Precise and
accurate reconstruction of 3D laser point cloud of the...

HTML
PDF (2.4 MB)

¥y Reprints & Permissions

DOWNLOADS

A

Push recovery control of quadruped robot using particle swarm optimization based structure specified mixed
sensitivity H2/Ho control

Petrus Sutyasadi, Manukid Parnichkun

The purpose of this paper is to introduce a quadruped robot strategy to avoid tipping down because of side impact
disturbance and a control algorithm that guarantees the...

HIML
PDF (2.5 MB)

¥ Reprints & Permissions

DOWNLOADS

1\
BE

An autonomous driving controller with heading adaptive calibration for agricultural robots

Nan Qiao, Lihui Wang, Mingjie Liu

This paper aims to propose a new autonomous driving controller to calibrate the absolute heading adaptively. Besides, the
second purpose of this paper is to propose a new...

HTML
PDF (752 KB)

@y Reprints & Permissions

DOWNLOADS

A

Frequency-division based hybrid force/position control of robotic arms manipulating in uncertain environments

Guanghui Liu, Lijin Fang, Bing Han, Hualiang Zhang

Support & Feedback &  Manage cookies



https://www.emerald.com/insight/content/doi/10.1108/IR-12-2019-0244/full/html
https://www.emerald.com/insight/search?q=Ravinder%20Singh
https://www.emerald.com/insight/search?q=Archana%20Khurana
https://www.emerald.com/insight/search?q=Sunil%20Kumar
https://www.emerald.com/insight/content/doi/10.1108/IR-12-2019-0244/full/html
https://www.emerald.com/insight/content/doi/10.1108/IR-12-2019-0244/full/pdf?title=optimized-3d-laser-point-cloud-reconstruction-by-gradient-descent-technique
javascript:;
https://www.emerald.com/insight/content/doi/10.1108/IR-06-2019-0135/full/html
https://www.emerald.com/insight/search?q=Petrus%20Sutyasadi
https://www.emerald.com/insight/search?q=Manukid%20Parnichkun
https://www.emerald.com/insight/content/doi/10.1108/IR-06-2019-0135/full/html
https://www.emerald.com/insight/content/doi/10.1108/IR-06-2019-0135/full/pdf?title=push-recovery-control-of-quadruped-robot-using-particle-swarm-optimization-based-structure-specified-mixed-sensitivity-h2h-control
javascript:;
https://www.emerald.com/insight/content/doi/10.1108/IR-12-2019-0254/full/html
https://www.emerald.com/insight/search?q=Nan%20Qiao
https://www.emerald.com/insight/search?q=Lihui%20Wang
https://www.emerald.com/insight/search?q=Mingjie%20Liu
https://www.emerald.com/insight/content/doi/10.1108/IR-12-2019-0254/full/html
https://www.emerald.com/insight/content/doi/10.1108/IR-12-2019-0254/full/pdf?title=an-autonomous-driving-controller-with-heading-adaptive-calibration-for-agricultural-robots
javascript:;
https://www.emerald.com/insight/content/doi/10.1108/IR-11-2019-0228/full/html
https://www.emerald.com/insight/search?q=Guanghui%20Liu
https://www.emerald.com/insight/search?q=Lijin%20Fang
https://www.emerald.com/insight/search?q=Bing%20Han
https://www.emerald.com/insight/search?q=Hualiang%20Zhang

@y Reprints & Permissions

DOWNLOADS

R
S| 131

Research on mechanism configuration and coordinated control for power distribution network live working robot

Yu Yan, Wei Jiang, Dehua Zou, Wusheng Quan, Hong Jun Li, YunFei Lei, Zhan fan Zhou

In the long-term network operation, the power distribution network will be subjected to the effects of ultra-high voltage,
strong electromagnetic interference and harsh...

HTML
PDF (2 MB)

#g Reprints & Permissions

DOWNLOADS

Al

,/ emeralg Services About Policies and information
‘) PUBLISHING

Authors About Emerald Privacy notice
Editors Working for Emerald Site policies
¥y f in O Librarians Contact us Modern Slavery Act
© Atz e e Al Hiifse Researchers Publication sitemap Chair of Trustees governance
Reviewers statement
COVID-19 policy

Accessibility

Support & Feedback &«  Manage cookies


https://twitter.com/EmeraldGlobal
https://www.facebook.com/EmeraldPublishingImpact/
https://www.linkedin.com/company/emerald-group-publishing-limited
https://www.youtube.com/user/EmeraldPublishing67
https://www.emeraldgrouppublishing.com/services/authors
https://www.emeraldgrouppublishing.com/services/journal-editors
https://www.emeraldgrouppublishing.com/services/librarians
https://www.emeraldgrouppublishing.com/services/researchers
https://www.emeraldgrouppublishing.com/services/reviewers
https://www.emeraldgrouppublishing.com/about/
https://careers.emeraldpublishing.com/
https://www.emeraldgrouppublishing.com/about/contact-us
https://www.emerald.com/insight/sitemap/publications
https://www.emerald.com/insight/site-policies
https://www.emerald.com/insight/site-policies
https://www.emeraldgrouppublishing.com/about/policies-and-information/modern-slavery-act
https://www.emeraldgrouppublishing.com/sites/default/files/2020-08/MCB-Pension-Chair-Statement-2019.pdf
https://www.emeraldgrouppublishing.com/sites/default/files/2020-06/Emerald-covid-19-policy.pdf
https://www.emerald.com/insight/accessibility
https://www.emerald.com/insight/content/doi/10.1108/IR-11-2019-0228/full/html
https://www.emerald.com/insight/content/doi/10.1108/IR-11-2019-0228/full/pdf?title=frequency-division-based-hybrid-forceposition-control-of-robotic-arms-manipulating-in-uncertain-environments
javascript:;
https://www.emerald.com/insight/content/doi/10.1108/IR-02-2020-0036/full/html
https://www.emerald.com/insight/search?q=Yu%20Yan
https://www.emerald.com/insight/search?q=Wei%20Jiang
https://www.emerald.com/insight/search?q=Dehua%20Zou
https://www.emerald.com/insight/search?q=Wusheng%20Quan
https://www.emerald.com/insight/search?q=Hong%20Jun%20Li
https://www.emerald.com/insight/search?q=YunFei%20%20Lei
https://www.emerald.com/insight/search?q=Zhan%20fan%20Zhou
https://www.emerald.com/insight/content/doi/10.1108/IR-02-2020-0036/full/html
https://www.emerald.com/insight/content/doi/10.1108/IR-02-2020-0036/full/pdf?title=research-on-mechanism-configuration-and-coordinated-control-for-power-distribution-network-live-working-robot
javascript:;

Push recovery control of quadruped robot using
particle swarm optimization based structure
specified mixed sensitivity H,/H .. control

Petrus Suryasadi
Department of Mechatronics, Politeknik Mekatronika Sanata Dharma, Yogyakarta, Indonesia, and

Manukid Parnichkun
Department of Mechatronics, Asian Institute of Technology, Bangkok, Thailand

Abstract

Purpose — The purpose of this paper is to introduce a quadruped robot strategy to avoid tipping down because of side impact disturbance and a
control algorithm that guarantees the strategy can be controlled stably even in the presence of disturbances or model uncertainties.
Design/methodology/approach — A quadruped robot was developed. Trot gait is applied so the quadruped can be modelled as a compass biped
model. The algorithm to find a correct stepping position after an impact was developed. A particle swarm optimization-based structure-specified
mixed sensitivity (Ho/H..) robust is applied to reach the stepping position.

Findings — By measuring the angle and speed of the side tipping after an impact disturbance, a point location for the robot to step or the foothold
recovery point (FRP) was successfully generated. The proposed particle swarm optimization-based structure-specified mixed sensitivity H,/H., robust
control also successfully brought the legs to the desired point.

Practical implications — A traditional H,, controller synthesis usually results in a very high order of controller. This makes implementation on an
embedded controller very difficult. The proposed controller is just a second-order controller but it can handle the uncertainties and disturbances that
arise and guarantee that FRP can be reached.

Originality/value — The first contribution is the proposed low-order robust H,/H., controller so it is easy to be programmed on a small embedded
system. The second is FRP, a stepping point for a quadruped robot after receiving side impact disturbance so the robot will not fall.

Keywords Quadruped robot, Foothold recovery point, Push recovery control, Structure specified, Mixed sensitivity H,/H., controller

Paper type Research paper

1. Introduction touch-down angle of the robot leg based on the trunk pitch angle.
Mamiya er al. (2016) modified the quadruped robot’s foot
structure to achieve stable walking on rough terrain. StarlETH
(Gehring er al., 2013) developed a trotting controller that was
robust for pushing force by improving the virtual forces method
! ) and determined step position using the inverted pendulum model.
wa11.<s with galt duty. factor less than or qual to 50 per cent such as BigDog (Raibert ez al., 2008) performed good balancing capability
during trotting, pacing or cantering. In this case, quadruped robot while trotting and was able to manage good stability under impact

Research of quadruped robot stability control attracts interest from
many researchers. Aoi (2014) described that the supporting
polygon of walking gait pattern changes adaptively with speed.
Quadruped robot no longer has a supporting polygon when it

needs to walk in dynamic mode, and it is more sensitive to sideway disturbance. LittleCalf (Zhang et al., 2014) applied a reactive
impact disturbance. Gay ez al. (2013), Fukuoka ez al. (2010) and stepping method to achieve stable position. However, it was
Righetti and Ijspeert (2008) used central pattern generator to designed based on the kinematic model only. Meng et al. (2015)
monitor their robot systems during walking using sensors, then also proposed a dynamic balancing method for trotting quadruped
generated joint trajectories that balance the robots. Gehring ez al. using virtual model control. However, it was done under
(2013) stabilized a quadruped robot during trotting using force simulation only. Another method to balance the quadruped trunk
distribution forward control based on ground reaction force was proposed by using a passive whole body control approach for
information from the stance legs. Kimura et al. (2007) developed dynamic control of the robot (Fahmi ez al., 2019). But this method
sideway stepping methods for stabilizing rolling motion of the is developed for a compliant robot. In this paper, push recovery
robot body because of the sideway inclined slope. Zhang ez al. control (PRC) is designed based on foothold recovery point (FRP)
(2007) tried to control quadruped robot’s stability by adjusting for a non-compliant quadruped robot. FRP is a step position for

Th.e current issue and full text archive of t.his .journal is available on Emerald The Authors would like to acknowledge the research funding support from
Insight at: https:/fvww.emerald.com/insight/0143-991X.htm Ministry of Research, Technology, and Higher Education of the Republic
of Indonesia (Kemen-RISTEKDIKTT).
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reactive step based on the concepts of instantaneous capture points
(Pratt and Tedrake, 2005) and orbital energy (Kajita ez al., 1990).

H_ is a controller that guarantees robust stability under
bound uncertainty (Aoi, 2014; Fukuoka ez al., 2010; Zhang
et al., 2007; Mamiya et al., 2016). However, robust stability
obtained from H_, alone is not sufficient to achieve robust
performance. To solve this problem, H,/H_, optimal control,
mixed sensitivity and H,, loop shaping were introduced. H.,
control was applied in many applications (Dzieza and
Klempka, 1997; Benderradji er al., 2011; Lu ez al., 2016);
however, it always resulted in very high order of controller.
High-order and complicated structure controller is not
desirable in practical. In this research, a simple structure but
still retaining the robust stability and robust performance,
structure specified mixed sensitivity H2/Hoo controller, is
proposed. Particle swarm optimization (PSO), which is a
computationally iterative method to optimize nonlinear system
(Kennedy and Ebenhart, 1995), is used to search for the
optimal parameters of the controller that satisfy robust stability,
robust performance and small tracking error cost function
criterion. The objective of selecting mixed sensitivity H2/Hoo
controller is to robustly track the quadruped’s leg joints angle.
Therefore, even in the presence of uncertainties, the swinging
legs of the quadruped can reach the FRP properly and prevent
the robot from falling sideways.

2. Hardware design of AIT quadruped

Specification of Asian Institute of Technology (AIT)
quadruped robot is provided in Table I. It has total of 12
degrees of freedom (DoF) with 3 DoF on each leg. Details of
the robot and its mechanical design are shown in Figure 1.

The robot has two levels of controller. The low-level
controller is used to control joint angle of the legs, whereas the
gait pattern generation, the balancing control and the PRC are
controlled by the high-level controller. The details of the
schematic diagram are shown in Figure 2 (Sutyasadi and
Parnichkun, 2016).

3. Kinematic of AIT quadruped robot

Reference coordinate systems are embedded on each leg of AIT
quadruped robot as shown in Figure 3. Based on the embedded
reference coordinate systems, the Denavit Hartenberg (D-H)
parameters are given in Table II.

The joint angles 6, 6, and 63 are derived from the known
foot position (x,y,z2).

Table | Hardware specification of AIT quadruped robot

Specification Value

Length 400 mm
Width 281 mm
Height 285 mm
Weight 10.25 kg
Battery 12V x 2
Degree of freedom 12DoF

DC Motor power 18W x 8, 25W x 4

Source: Sutyasadi and Parnichkun (2016)

Volume 47 - Number 3 - 2020 - 423—434

Figure 1 (a) AIT quadruped robot and (b) mechanical design of AIT
quadruped robot

(b)

61 = atan (X) @)
X
B D
02 = _atanz + atan (T\/_—___’?) (2)
0~ — atan 2 — apsinf,
> xcosf +ysinf; — axcosf, —ay) — 02
3
where,

A=—z 4)
B = a; — (xcosf; +ysinf) 5)

D 2a;(xcosf; + ysinf;) + a3 — a3?

B 2a,

N —a? — 2% — (xcosf; + ysinf;)’ ©

2a,

4. Push recovery control

In this research, foot recovery point (FRP), or the stepping
position of the swinging foot for the recovery because of the
sideway impact disturbance and structure specified mixed
sensitivity H2/Hoo controller, is proposed for the quadruped
robot. A trotting quadruped can be modelled as a biped (Polet
and Bertram, 2019; Gan er al, 2018; Ugurlu er al., 2013).
When a quadruped walks in a trot gait, its feet can be paired
diagonally as shown in Figure 4. During the trot gait, the
quadruped is only supported by one pair of diagonal stance legs
that move simultaneously. The two pairs of the legs swing
alternately as a biped moves using its two legs. Each of the
quadruped’s diagonal legs pair represent one of the biped legs.
When one of the diagonal legs pair swings, the other pair is in
stance position just like a biped walks. The feft foot of the biped
is the middle point between front left and rear right pair of the
quadruped legs. The right foot of the biped is the middle point
between front right and rear left pair of the quadruped legs.
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Figure 2 Schematic diagram of the controllers of the quadruped robot
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Reference coordinate systems on each leg of AIT quadruped

Table Il D-H Parameters of AIT quadruped robot

Parameter Link 1 Link 2 Link 3
a;j aq a) as
o 2 0 0
d; 0 0 0
0; 0, 0, 03
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4.1 Foothold recovery point

The quadruped robot falls either to the left or to the right if a
disturbance force with significant amplitude is applied. The
swinging legs should step to a correct position to avoid falling.
This particular stepping position is called FRP. Figure 5 shows
that to simplify the model, the falling of the quadruped was
modelled into compass biped movement. The swinging
quadruped legs of the other pair was calculated based on the
compass biped model.

In the compass biped robot model, the FRP position is
determined by using the law of conservation of angular
momentum. The robot’s configuration from the moment
when a disturbance force is applied until the robot’s final
position is shown in Figure 6. The notation of 6, 04, /4 and
Ig shown in Figure 5 shows the parameters that represent
the angle and the length of the leg when modelled as a
biped. Figure 6 shows the parameters in a planar model
when the biped tilted and swung the other legs to the FRP
point.

Target position is shown in Figure 6(c), where:

6,=0 and 6,=0 @)
Based on the angular motion equation,
2 2
@1~ Wy
= Y 8
20 o ®)

Angular acceleration of the swinging leg is determined from:

22 o2
0o—0g5
———=2 =, 9
20p B ©
When the foot strikes the ground, there is an energy loss and
discontinuity of motion because of the impact. The

quadruped feet are made so that they have sufficient friction
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Figure 4 Foot configuration and representation of quadruped trotting gait as biped walking gait

R

FL

RR

?
f ? ot FL 4 O@® : Quadruped foot
=\ = ) ‘0 f I : Biped foot
f-n R FL : Front Left foot
LIl R (3 | ? FR : Front Right foot
? f =~ RL : Rear Left foot
RL RL RR : Rear Right foot
RL RR RR R : Right foot
quadruped biped quadruped biped quadruped biped L : Left foot
1st step 2nd step 3rd step

Figure 5 Falling quadruped modelled as compass biped

impact direction

foot movement
towards FRP

foot movement
towards FRP

J) : swing leg //JF' : stance leg

Figure 6 PRC using FRP (a) initial position, (b) leaning sideway
pivoting on the first leg (la) and the other leg (Ib) swings and (c) final
position

to prevent slips at the contact points. Thus, the conservation
of angular momentum around the contact point is assumed
as:
ITw" =I'w™ (10)
where “+” and “—”denote post- and pre-impact, respectively.
According to Garcia er al. (1998), the relation between post-

and pre-impact angular position and velocity is expressed in the
following equation:

426

0
cos26

+ _
0 -1 0 an
0 0 0

The relation of angular velocity before and after impact has

been widely used in compass biped robot researches and

presented for the first time by Mc Geer (1990). In the compass
biped robot, there is a rule that the collision/impact occurs

when (Garcia ez al., 1998):

¢ (1) —26(r)=0 12)

Where, 6 is the angle between the stance leg and the surface

normal and ¢ is the angle between the stance leg and the

swinging leg. The details of ¢ and 6 can be seen in Figure 6(b).

In the quadruped robot model, the angle between the stance
leg and the swinging legis ¢ = 6 4 + 0 g. Therefore, instead of
using cos 26 for determining the post-impact angular velocity
as proposed by Garcia er al. (1998), cos(f4 + 6p) is used
instead. By the conservation of angular momentum (Mc Geer,

1990):

mlzo " =mlio " cos(04 + 0p) (13)
where ' = 6 p is the final angular velocity and o~ = 6 4 is the
initial angular velocity. Therefore, the post-impact angular

velocity as a function of pre-impact angular velocity is
expressed by:

_ WllfléACOS(OA + 03)

0
B mi3,

(14

B mlfléA(cosGAcosGB — sinf 4sinf g)

6 15

At the last rotation of the body around pivot point on /p,
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mi%0 y=mglpfp (16)
. g0
b = TB (17)
B
From equations (7), (9) and (17):
.2
—0p g0p
=2 1
20p Ig 18
. 2
n=—\/"05 (19)
Ip
From equations (15) and (19):
> ml%6 4\ cosfy 1-%% —sinf 405
_ _gg __4 ( < . 2) ) (20)
ZB mlB
2 28, _ n; 2 :
—Ig 1—03 = ZAOA(ZCOSGA —cost 405 — 231n0,4¢93)
B
@1
— —032(2COS€A76050‘40372811’101403)
ZAQA ZB
(22)
2 2
cosGAGgf B —g-i-ZsinGA Op —2cosfy4 =0
1124014 lB
(23)

By applying small angle approximation, thus /g ~ / where /is the
center of mass height, hence,

lB = lAC080A (24)
Solving 0 g from (23) and /g from (24) results in FRP position
that makes the quadruped robot achieve its stable position in
one step of recovery movement. In the real implementation, /g
of the compass biped robot is transformed into the quadruped
robot’s leg equivalent length. If the quadruped trots in normal
condition, all the hip heights are the same. When the
quadruped is falling, then the height of the four corners of the
quadruped body are not the same. Figure 7 shows the detail of
the situation and the length difference of the legs during the
recovery.
The lower hip height of the robot is as follows:

Iy = Igcosfp — asin(90 — ¢,) (25)
Whereas, the higher hip height of the robot is as follows:
I = Igcosfp + asin(90 — ¢,) (26)

where,
I, = lower hip height;
15, = higher hip height;
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Figure 7 Hip heights of two swinging legs during trotting

¢, = trunk roll angle; and
a = perpendicular distance from swing hip to diagonal line
connecting stance hips.

4.2 Structure specified mixed sensitivity H,/H ..
controller
The quadruped robot model is a highly non-linear and coupled
dynamic model. The model is linearized by using feedback
linearization so that a linear robust controller can be applied
(Lewis ez al., 1993).

The linearization is conducted using the feedback
linearization method. The quadruped robot is modeled as a
compass biped robot model:

M(6).6+C(0,6).6 +G(6)=r1 (27)

The mass, coriolis and gravity matrices of the compass biped
robot are expressed by:

B {mhﬂ + m(% + a® + b — 2blcosh,)

mb(b — Zcosﬂb)}

mb(b — Icosfy) mb?
c 2mbl(sind)0, mbl(sind;)0,
—mbl(sinf;)0, 0
G—

—g(ma + ml + myl)sin6, + mbsin(6, + 6;)
gmbsin(6, + 0p)
(28)

where, 7 is the joint torque, m;,, is mass of the point mass
biped robot, m is leg mass, / is leg length with the value of a
and b for the upper and lower segments, respectively, 6, and
6, are legs angular positions, respectively and g is the earth
gravity.

A 2-DOF compass biped robot consists of two legs driven by
2 DC motors. Dynamic model of a DC motor is expressed in
the following equation:

F0 +b0 = Ki (29)

L%+Ri:

— K6
7 Vv [

(30)

where ¥is the inertia of the rotor, b is viscous friction constant, ¢
is the armature current, L is the electric inductance, R is the
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armature resistance, Iis the voltage source and 6 is the angle of
the rotor position. The electromotive force constant and the
motor torque constant are equal and symbolized with K.

The state-space equation of the motor and the connected
link is represented by:

o | R o
> >
N= o o

€2y

After substitution of the parameters, the matrices A and B
become:

0 1 0
A= 10 —0.7011 7.5367exp + 03
0 —8.9883exp + 03 —1.1924exp + 06
0
B= 0

3.1987exp + 05
(32)

Input of the system is voltage (1) and output is angular position
of the leg joint angle (#). The transfer function of the system
becomes:

() 0.0281
V(s) 1.166exp — 1153 + 1.39exp — 0552 + 0.0007994 s
(33)

©)

If a controller, K(s) is designed so that the closed loop of the
nominal system is asymptotically stable, robust stability
performance against external disturbance satisfies the following
inequality:

joo‘a = ‘|M(3)S(S)||oc <1 (34)
A stable function W;(s) is used to attenuate external
disturbances. The multiplicative perturbation is upper
bounded by another stable function W,(s). The robust
stability against system perturbation satisfies the following
inequality:

Foes = W) T(s)]l . < 1 (35)
where, W,(s) is sensitivity weight, W,(s) is complementary
sensitivity weight, S(s) is the sensitivity function and 7'(s) is the
complementary sensitivity or transmissibility function. The
purpose of the design of structure specified mixed sensitivity
H,/H., control is to find an admissible structure-specified
controller that minimizes the cost function ¥, subjected to both
constraints of ¥ ,and . 5.
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J /ez(t)dt IEGs)I12 (36)
0

4.2.1 Weights selection

Consider loop transfer (L), sensitivity function (S) and
complementary sensitivity function (7) with controller (K) and
plant (G) of the system as shown by the block diagram in
Figure 8.

L(s) = K(s).G(s) 37

1
S =17 RE.60) ©8)
T(s) K(s).G(s) (39)

T 1+K(s).G(s)

Model uncertainties can be modeled as multiplicative
perturbation (Wei-Gu er al, 2013). Block diagram of the
system is shown in Figure 9.

If r(s), d(s) and n(s) are assumed zero to consider only the
effect of uncertainties, the transfer function from v(s) to w(s) of
the system shown in Figure 9 becomes:

w(s) —K(s).G(s)
os) 1+ K(s).G(s)

(40)

To reduce the effect of uncertainties, the complementary
sensitivity function should be small, 7'~ 0.

It is not possible to make the sensitivity function, S, and
complementary sensitivity function, 7, become small at the
same time since S + T = 1. Thus, a trade-off between S and T'is
required.

4.2.2 Sensitivity weight selection

The weights are used to normalize the input and output to one.
Therefore, if W is the sensitivity weight, then the magnitude of
WS is less than or equal to 1 over all frequencies. Thus, the
inverse of Ws becomes the upper bound and shapes the

Figure 8 Block diagram of a closed loop control system

Figure 9 Closed loop system with multiplicative uncertainties

G
(s) w(s) v(s)

&3 o) [k L4 Gl +\; »()
3 + n(s)
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Figure 10 Sensitivity and its weight singular plot
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sensitivity function. Figure 10 shows the relationship between G(s).K(s) - 1 (43)
the weight, Ws and sensitivity function, S. I+G(s)K(s)|l, Al

The sensitivity weight function is selected using Skogestad’s
method (Skogestad, 2001).

_S/M+w3

Wi(s) s+ wpA S

where, M is the sensitivity peak used to limit the overshoot,
A < 11is the minimum steady-state offset and wp is the desired
bandwidth. Selecting A <« 1 causes the result resemble to
integral action (Skogestad, 2001). A large value of wpg causes
fast response. The maximum peak of |S]| is less than M. In
the quadruped robot, the sensitivity weight for the FRP is
selected as:

_05s5+1

Wi(s) = 70001 (42)

The inverse of the sensitivity weight singular value is shown in
Figure 11.

4.2.3 Complementary sensitivity weight selection

For the output multiplicative perturbation problem, the
complementary sensitivity weight relates with the uncertainties,
according to Wei-Gu ez al. (2013) and Skogestad (2001), by:

Figure 11 The inverse of the sensitivity weight singular value

Bode Diagram
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The complementary sensitivity weight function, Wz, is the
upper bound of the maximum possible uncertainties. Thus, the
inequality equation (43) becomes:

o1
o Wil

H G(s) K(s) "

I+ G(s).K(s)

The steps to select the complementary sensitivity weight
function for multiplicative perturbation problem are as follows:
+ plot singular value of all uncertainties A(jw); and

« upper bound the uncertainties by the weight function Wr.

Based on the multiplicative perturbation and the nominal
system, all the uncertainties and the upper bound weight are
determined and plotted as shown in equation (45) and
Figure 12.

Wi(s) = 3.428s% +5.569s + 2.793
BT 24+ 172.95+243.2

(45)

In structure specified mixed sensitivity H,/H, controller for the
quadruped robot, the proportional integral derivative structure
with filtered derivative is selected as expressed by:

Figure 12 The complementary sensitivity and system uncertainties
singular values
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Figure 13 Flowchart of PSO

I Generate initial population |

————

| Compute the fitness of each particle |

v

| Compute individual and global best |

v

| Update velocity and position I

Gen =Gen + 1

Ki
K(s\=Kp+ — + ———
(©) P s Tds+1

Kd.s (46)

PSO is applied to determine the optimal values of the controller
gains and parameters such as K, K;, K, and T,.

4.3 Particle swarm optimization
PSO is an evolutional method used to optimize a wide range of
objective function by adopting a social behavior like the
behavior of flock of birds or school of fish (Kennedy and
Ebenhart, 1995). Flow chart of PSO is depicted in Figure 13.
x; = (%15 Xins- - »X;N) 18 position vector of particle, v; = (v;1,
Vs - Vi) 18 velocity vector of particle, p; = (Pi1s Pizs- - »Pin) 18
the best previous position of particle 7.

Global best position is the best individual position of the
whole swarm G = (g1, £2,. . ..¢n)- The velocity and the position
of the particle are updated every iteration:

vi(k+ 1) = w.o;(k) + cr.r1.(Py(k) — x:(R)) + c2.12.(G(k) — x,(R))

47

xi(k+ 1) = x;(k) + v;(k) (48)
where, w is inertia weight, r; and r, are random variables ranged
between 0 to 1, ¢; and ¢, are coefficients of acceleration. The
velocity is kept in the range of —V,, 0 Viax.

5. Simulation result

The parameters of the PSO are set as follows: swarm size = 20,
dimension of the particle is 4 (kp, ki, kd and td), c; = ¢, = 2 and
number of maximum generation = 100. The inertia weight is
changed from 0.95 to the final weight 0.4, and the velocity is
limited at [— 9,55 Vpax] = [—100,100].

The result is obtained as:

0.80362 0.26895.s

0.00016s + 1

K(s) = 1.76493 + (49)

With the ¥..,, = 0.5028, ¥, = 0.6354 and ¥, = 0.0128.
Figure 14 shows that inverse of the weight functions is larger

than the sensitivity function and the complementary sensitivity
function which confirms | Ws S| < 1land |W:T| < 1.
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Figure 14 The sensitivity, complementary sensitivity and their inverse
weights singular values using proposed controller
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Figure 15 shows that PSO-based structure-specified mixed
sensitivity Hy/H,, controller is able to control the quadruped
robot even under various uncertainties. Small overshoot for a
short period when the swinging leg is still in flight phase is seen.
There is no steady state error. The response has satisfactory rise
time and settling time even under uncertainties. The results
show that all the system responses have settling time less than
0.6 s. Half of them have less than 0.4 s settling time.

A well-tuned proportional derivative controller is
implemented for comparison purpose. Figure 16 shows the
performance of PD controller under the same uncertainties.

The result shows that the well-tuned PD controller performs
very well without overshoot and short settling time on the
nominal system. It has settling time around 0.4 s (black color).
However, with the maximum uncertainty (light blue dashed),
the system response has settling time more than 1 s. Most
responses show almost 1-s settling time.

The proportional gain is then increased to get a faster response.
The results show that the settling time on the maximum

Figure 15 PSO-based structure-specified mixed sensitivity H./H
controller performances under inertia and armature resistance
uncertainties (nom: nominal, min: minimum, max: maximum).
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Figure 16 PD controller performances under uncertainties
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uncertainty increases compared with the previous gain and
overshoot increases in some responses as shown in Figure 17.

The well-tuned PD controller shows good performance for
the nominal system. However, it performs worse than PSO-
based structure-specified mixed sensitivity H,/H_., controller
under uncertainties.

To compare the performance of the proposed PSO-based
structure-specified mixed sensitivity H,/H,, controller with
full-order mixed sensitivity H,, controller using the same plant,
sensitivity weight and complementary sensitivity weight, full-
order mixed sensitivity H,, controller is determined and
obtained as shown in equation (52).

Figure 18 shows that singular plot of the sensitivity,
complementary sensitivity and their weights using the full-
order controller also satisfy the requirement.

With the same uncertainties, full-order mixed sensitivity H,
controller is tested using step function similar to PD and the
proposed controller. The simulation results of the system
response using full-order mixed sensitivity H,, controller is
shown in Figure 19.

It is shown that the system response using full-order mixed
sensitivity H,, controller has no steady state error. However,

Figure 17 PD controller performances under uncertainties with higher
proportional gain
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Figure 18 The sensitivity, complementary sensitivity and their inverse
weights singular values using full-order controller
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Figure 19 Full-order controller performances under uncertainties

Step Response

Inom Rnom
Imin Rnom
Imax Rnom
Inom Rmin
Imin Rmin

Amplitude

o
o

h 1 1 1
0 1 2 3 4 5 6 e
Time (seconds)

the settling times of the response are too long. Compared with
the proposed controller and the well-tuned PD controller, full-
order mixed sensitivity H,, robust controller provides more
overshoot. Basically, all of the responses are stable under the
uncertainties, but the system responses are worse. In
conclusion, under uncertainties, PSO-based structure-
specified mixed sensitivity H,/H,, controller has better
performance than PD controller and full-order mixed
sensitivity H, controller.
K(s) =
2.076e06s> + 2.475e12s* +5.702¢14s” + 2.521e165% + 3.461¢16s + 1.897¢06

0+ 1.249¢065% + 6.951¢10s% + 1.935¢155% + 4.323¢17s2 + 6.092¢17s + 6.085¢14

(50)

6. Experimental result

Experiments are conducted by using several initial foot
positions and the desired FRP targets. The FRP target position
is defined at 30° of FRP angle (6 ) and the FRP length (/) is
the same as the initial position length.
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Figure 20 shows step responses of the system using PSO-
based structure-specified mixed sensitivity H,/H,, controller
under uncertainties. Six experiments with different leg
orientations are conducted. The results show that overshoots
appear in all responses. However, the settling time of all the
responses is less than 0.5 s. The overshoot occurs while the leg
is still swinging in the air. The biggest overshoot occurs when
the impact disturbance is applied when the leg is in the
maximum stretch position which results in the largest moment.
At the minimum stretch position or maximum swing height,
the leg has the minimum moment. At this position, the
response also has overshoot. The results show that the
responses from PSO-based structure-specified mixed
sensitivity H,/H,, controller are not much different under
model uncertainties.

Figure 21 shows step responses of the system controlled by
well-tuned PD controller. The system has overshoot when the
leg position is in the maximum stretch. However, the overshoot
is smaller compared with the results obtained from PSO-based
structure-specified mixed sensitivity H2/Hoo controller. When
the leg is in the minimum stretch position or in the maximum
swing height, the system response does not have an overshoot
but a steady state error exists. When the leg is not at the
maximum or minimum stretch, the response also has an
overshoot and a steady state error also exists. The experimental
results show that the steady state error varies drastically during

Figure 20 System responses under uncertainties controlled by PSO-
based structure-specified mixed sensitivity H,/H., controller
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Figure 22 Trunk roll angle during push recovery process.
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Figure 21 System responses under uncertainties controlled by PD
controller
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the experiments. The results show that PD controller is more
sensitive to model uncertainty compared with PSO-based
structure-specified mixed sensitivity H2/Hoo controller.

Figure 22 shows the trunk roll angle when the quadruped
robot trots and an impact disturbance is applied. The robot can
continue trotting without fall. Before applying the impact
disturbance, the robot has a small trunk roll angle variation
around *1.5°. After the impact, the quadruped robot has
around +5 to —17° of trunk roll angle during the recovery. The
maximum or minimum roll angle indicates the trunk position
when the swinging or the recovery legs land on the ground
before the other diagonal pair of the legs swing to align
the body. Small oscillation starting after 3.5 s indicates that the
robot continues to trot after conducting a recovery step. One
cycle of recovery process takes around 2 s until the robot is able
to continue trotting again.

Figure 23 shows that without the FRP, the quadruped robot
has no reflect to swing its leg sideways to balance the body when
an impact force applied to the robot. Figure 23(a) shows the
quadruped trotting forward. When the sideways force came,
the robot had only trot command in its controller.
Moreover, the leg was designed to have zero or very less friction
between the shoe and the floor. Therefore, when the sideways
disturbance came, the foot on the other side of the coming
impact stuck on the floor, and the robot tilted on the direction
of the impact [Figure 23(b)]. The sideways force was so big the
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Figure 23 Snap shot images from video movie experiment of side
impact disturbance applied to trotting quadruped robot without FRP
algorithm

00:00:04:00

00:00:0:03

swinging mass was made from books put on a carton box,
which weighed around 20 Kgs. It was enough to push the robot
to continue falling sideways [Figure 23(c)-(d)], until it
completely fell down in Figure 23(e) and 23(f).

Figure 24 shows some snap shot images from the video
movie of experiment when the quadruped controller is added
with the push recovery algorithm. Figure 24(a) and 24(b) show
the quadruped robot trotting before the impact. Figure 24(c)
shows the swinging leg position just before the impact. After the
impact disturbance occurs, the swinging legs swing sideways to
reach the stepping point [Figure 24(d)]. Once the legs land
[Figure 24(e)], the other pair of the legs swing to align the robot
following the momentum from the impact disturbance.
Figure 24(f) shows the quadruped robot is ready to continue
the trot.

7. Conclusion

Dynamic walking was implemented via a trotting gait pattern.
The quadruped robot could move forward, walk in place, rotate
to the right and left during trotting. The proposed FRP worked
effectively and provided fast recovery with single step. To reach
FRP, PSO-based structure-specified mixed sensitivity H2/Hoo
controller was proposed to handle the uncertainties. It
performed better than the well-tuned PD controller. The robot
was able to stabilize itself when impact disturbance was applied
to the system using the proposed PRC. Both feet could be
positioned using FRP as seen from simulations and
experiments with the settling time less than 0.8 s. Furthermore,
the recovery process using PRC required less than 2 s to recover
from the maximum trunk leaning angle after the impact
disturbance to its initial (desired) trunk angle. The results also
showed that the proposed controller was robust to uncertainty
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Figure 24 Snap shot images from video movie experiment of side
impact disturbance applied to trotting quadruped robot, with foot
recovery algorithm implemented on the quadruped controller

from parameters variation. The FRP was designed for non-
compliant robot. The correct stepping position to the FRP will
prevent hard impact between the foot and the floor. Future
study should also consider the whole dynamics of the body for
compliant robot mechanism.
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