Tarumanagara International Conference on
the Applications of Technology and Engineering 2018 &@

TICATE

CERTIFICATE

OF ACHIEVEMENT

Thiscertificate is presentedto .

Hugeng Hugeng

for the contribution as

ORAL PRESENTER *
Paper Title: w

Deployment of models of HRIRs using PCA in digital signal processing board

November 22 - 23, 2018 | Universitas Tarumanagara, Jakarta

Chairman

R

)
- 5l

TICATE

Dr. Hugeng, S.T., M.T.

Prof.Dr. Agustinus Purnalrawan

www.untar.ac.id ] Untar Jakarta [ @UntarJakarta @untarjakarta




IOP Conference Series: Materials Science and Engineering https://www.scimagojr.com/journalsearch.php?q=19700200831&t...

also developed by scimago: ESCIMAGO INSTITUTIONS RANKINGS
SJ R Scimago Journal & Country Rank Enter Journal Title, ISSN or Publisher Name

Home Journal Rankings Country Rankings Viz Tools Help About Us

IOP Conference Series: Materials Science
and Engineering

Country  United Kingdom - SIR Ranking of United Kingdom 2 4

Subject Areaand Engineering
Category Engineering (miscellaneous)

Materials Science H Index

Materials Science (miscellaneous)
Publisher
Publication type  Conferences and Proceedings
ISSN 17578981, 1757899X
Coverage 2009-ongoing
Scope The open access IOP Conference Series provides a fast, versatile and cost-effective

proceedings publication service for your conference. Key publishing subject areas include:
physics, materials science, environmental science, bioscience, engineering, computational

science and mathematics.

@ Homepage
How to publish in this journal

Contact

.~ Join the conversation about this journal

SJR + Citations per document +
0.24 0.6
0.21
0.18

0.4
0.15
2010 2012 2014 2016 2018

Total Cites ~ Self-Cites ar 0.2

8k

lof5 8/29/19,10:10 PM



IOP Conference Series: Materials Science and Engineering https://www.scimagojr.com/journalsearch.php?q=19700200831&t...

A
iCO[
External Cites per Doc  Cites per Doc % International Collaboration
0.6 40
0.3 20
0 0
2009 2011 2013 2015 2017 2009 2011 2013 2015 2017
Citable documents  Non-citable documents Cited documents  Uncited documents
15k 15k
7.5k ed 7.5k
0 0
2009 2011 2013 2015 2017 2009 2011 2013 2015 2017
S
I0P Conference Series: « Show this W|dget In
Materials Science and... your own website
) =SpBVea7_p9MCW_bw3WUrzzZV1IB5BMgl6d5FATmA
Not yet assigned
quartile Just copy the code below
and paste within your html
code:
SJR2018 e
O 1 9 o~ <a href="https://www.scimagoj
powered r-,-" )jr.com

thank you very much for your comment, unfortunately we cannot help you with your request.
We suggest you contact Scopus https://service.elsevier.com/app/answers/detail/a_id/14883
/kw/scimago/supporthub/scopus/

Best Regards,
SClmago Team

Thanikasalam 11 months ago

Hi, is this Scopus indexed?

20f5 8/29/19,10:10 PM



@ mm | Createaccount || Signin

Scopus Author search  Sources

This author profile is generated by Scopus Learn more
Hugeng, Hugeng

® Tarumanagara University, Jakarta, Indonesia

https://orcid.org/0000-0003-0005-9347

£ Edit profile Set alert Potential author matches Export to SciVal
Metrics overview
12 Documents by author
30 Citations by 25 documents
4 h-index:
Document & citation trends
3 O 10
wn 9
t o]
(%) g
£ o =
=1 o
g =1
8 I i/'\H\V “
O) .
0 " 0
2010 ® Documents M Citations 2021

Most contributed Topics 2016-2020 ©

Headphones; Directional Hearing; Transfer Functions

5 documents

Speaker Adaptation; Acoustic Model; Automatic Speech Recognition

3 documents

Heart Arrhythmia; Electrocardiograph; Supraventricular Premature Beat

1 document
View all Topics

12 Documents  Cited by 25 Documents 0 Preprints 15 Co-Authors  Topics

Beta

0 Awarded grants

Note:
Scopus Preview users can only view an author’s last 10 documents, while most other features are disabled. Do you have access

through your institution? Check your institution’s access to view all documents and features.

Export all  Add all to list Sort by Date (newest)

View list in search results format Conference Paper « Open access

Implementation of rotary parking system model using wi-fi 0

View references
Citations

as transmission media

Set document alert Hugeng, H., Putranto, A.D.P., Candra, H.
IOP Conference Series: Materials Science and Engineering, 2020, 1007(1), 012048

Show abstract Related documents

Conference Paper « Open access

Implementation of an automatic secured gas stove using 0
internet-of-things technology Citations
Hugeng, H., Sulaiman, S., Nurwijayanti, K.N.

IOP Conference Series: Materials Science and Engineering, 2020, 1007(1), 012195

Show abstract Related documents


https://service.elsevier.com/app/answers/detail/a_id/29506/#
https://www.scopus.com/affil/profile.uri?afid=60069415
https://www.scopus.com/redirect.uri?url=https://orcid.org/0000-0003-0005-9347&authorId=55135962100&origin=AuthorProfile&orcId=0000-0003-0005-9347&category=orcidLink%22
https://service.elsevier.com/app/answers/detail/a_id/29506/#
https://service.elsevier.com/app/answers/detail/a_id/29506/#
https://www.scopus.com/affil/profile.uri?afid=60069415
https://www.scopus.com/affil/profile.uri?afid=60069415
https://www.scopus.com/redirect.uri?url=https://orcid.org/0000-0003-0005-9347&authorId=55135962100&origin=AuthorProfile&orcId=0000-0003-0005-9347&category=orcidLink%22
https://www.scopus.com/redirect.uri?url=https://orcid.org/0000-0003-0005-9347&authorId=55135962100&origin=AuthorProfile&orcId=0000-0003-0005-9347&category=orcidLink%22
https://www.scopus.com/redirect.uri?url=https://orcid.org/0000-0003-0005-9347&authorId=55135962100&origin=AuthorProfile&orcId=0000-0003-0005-9347&category=orcidLink%22
https://www.scopus.com/redirect.uri?url=https://orcid.org/0000-0003-0005-9347&authorId=55135962100&origin=AuthorProfile&orcId=0000-0003-0005-9347&category=orcidLink%22
https://www.scopus.com/checkaccess.uri
https://www.scopus.com/checkaccess.uri
https://www.scopus.com/checkaccess.uri
https://www.scopus.com/authid/detail.uri?authorId=55135962100#disabled
https://www.scopus.com/authid/detail.uri?authorId=55135962100#disabled
https://www.scopus.com/authid/detail.uri?authorId=55135962100#disabled
https://www.scopus.com/authid/detail.uri?authorId=55135962100#disabled
https://www.scopus.com/authid/detail.uri?authorId=55135962100#disabled
https://www.scopus.com/authid/detail.uri?authorId=55135962100#disabled
https://www.scopus.com/authid/detail.uri?authorId=55135962100#disabled
https://www.scopus.com/authid/detail.uri?authorId=55135962100#disabled
https://www.scopus.com/authid/detail.uri?authorId=55135962100#disabled
https://www.scopus.com/authid/detail.uri?authorId=55135962100#disabled
https://www.scopus.com/authid/detail.uri?authorId=55135962100#disabled
https://www.scopus.com/authid/detail.uri?authorId=55135962100#disabled
https://www.scopus.com/authid/detail.uri?authorId=55135962100#disabled
https://www.scopus.com/authid/detail.uri?authorId=55135962100#disabled
https://www.scopus.com/authid/detail.uri?authorId=55135962100
https://www.scopus.com/authid/detail.uri?authorId=57221744719
https://www.scopus.com/authid/detail.uri?authorId=57039235200
https://www.scopus.com/search/submit/mlt.uri?eid=2-s2.0-85100010017&src=s&all=true&origin=resultslist&method=ref&zone=resultsListItem
https://www.scopus.com/search/submit/mlt.uri?eid=2-s2.0-85100010017&src=s&all=true&origin=resultslist&method=ref&zone=resultsListItem
https://www.scopus.com/search/submit/mlt.uri?eid=2-s2.0-85100010017&src=s&all=true&origin=resultslist&method=ref&zone=resultsListItem
https://www.scopus.com/search/submit/mlt.uri?eid=2-s2.0-85100010017&src=s&all=true&origin=resultslist&method=ref&zone=resultsListItem
https://www.scopus.com/authid/detail.uri?authorId=55135962100
https://www.scopus.com/authid/detail.uri?authorId=55135962100
https://www.scopus.com/authid/detail.uri?authorId=57221744719
https://www.scopus.com/authid/detail.uri?authorId=57221744719
https://www.scopus.com/authid/detail.uri?authorId=57039235200
https://www.scopus.com/authid/detail.uri?authorId=57039235200
https://www.scopus.com/authid/detail.uri?authorId=55135962100
https://www.scopus.com/authid/detail.uri?authorId=57221748705
https://www.scopus.com/authid/detail.uri?authorId=57221739804
https://www.scopus.com/search/submit/mlt.uri?eid=2-s2.0-85100009620&src=s&all=true&origin=resultslist&method=ref&zone=resultsListItem
https://www.scopus.com/search/submit/mlt.uri?eid=2-s2.0-85100009620&src=s&all=true&origin=resultslist&method=ref&zone=resultsListItem
https://www.scopus.com/search/submit/mlt.uri?eid=2-s2.0-85100009620&src=s&all=true&origin=resultslist&method=ref&zone=resultsListItem
https://www.scopus.com/search/submit/mlt.uri?eid=2-s2.0-85100009620&src=s&all=true&origin=resultslist&method=ref&zone=resultsListItem
https://www.scopus.com/authid/detail.uri?authorId=55135962100
https://www.scopus.com/authid/detail.uri?authorId=55135962100
https://www.scopus.com/authid/detail.uri?authorId=57221748705
https://www.scopus.com/authid/detail.uri?authorId=57221748705
https://www.scopus.com/authid/detail.uri?authorId=57221739804
https://www.scopus.com/authid/detail.uri?authorId=57221739804
https://www.scopus.com/home.uri?zone=header&origin=
https://www.scopus.com/signin.uri?origin=AuthorProfile&zone=TopNavBar
https://www.scopus.com/signin.uri?origin=AuthorProfile&zone=TopNavBar
https://www.scopus.com/home.uri?zone=header&origin=
https://www.scopus.com/home.uri?zone=header&origin=
https://www.scopus.com/home.uri?zone=header&origin=
https://www.scopus.com/home.uri?zone=header&origin=
https://www.scopus.com/home.uri?zone=header&origin=
https://www.scopus.com/home.uri?zone=header&origin=
https://www.scopus.com/home.uri?zone=header&origin=
https://www.scopus.com/home.uri?zone=header&origin=
https://www.scopus.com/home.uri?zone=header&origin=
https://www.scopus.com/home.uri?zone=header&origin=
https://www.scopus.com/home.uri?zone=header&origin=
https://www.scopus.com/home.uri?zone=header&origin=
https://www.scopus.com/home.uri?zone=header&origin=
https://www.scopus.com/home.uri?zone=header&origin=
https://www.scopus.com/home.uri?zone=header&origin=
https://www.scopus.com/home.uri?zone=header&origin=
https://www.scopus.com/home.uri?zone=header&origin=
https://www.scopus.com/home.uri?zone=header&origin=
https://www.scopus.com/freelookup/form/author.uri?zone=TopNavBar&origin=AuthorProfile
https://www.scopus.com/freelookup/form/author.uri?zone=TopNavBar&origin=AuthorProfile
https://www.scopus.com/freelookup/form/author.uri?zone=TopNavBar&origin=AuthorProfile
https://www.scopus.com/sources?zone=TopNavBar&origin=AuthorProfile
https://www.scopus.com/sources?zone=TopNavBar&origin=AuthorProfile
https://www.scopus.com/sources?zone=TopNavBar&origin=AuthorProfile
https://www.scopus.com/signin.uri?origin=AuthorProfile&zone=TopNavBar
https://www.scopus.com/signin.uri?origin=AuthorProfile&zone=TopNavBar
https://www.scopus.com/signin.uri?origin=AuthorProfile&zone=TopNavBar
https://www.scopus.com/signin.uri?origin=AuthorProfile&zone=TopNavBar

Conference Paper « Open access

Establishment of an application for photographs' quality
detection based on sharpness and light intensity

Hugeng, H., Tjahyadi, A.J.

IOP Conference Series: Materials Science and Engineering, 2020, 852(1), 012158

Show abstract Related documents

Article « Open access

Enhanced speech recognition for indonesian geographic
dictionary using deep learning

Hugeng, H., Gunawan, D., Kusumo, A.T.

International Journal of Innovative Technology and Exploring Engineering, 2019, 8(11),
pp. 2594-2598

Show abstract Related documents

Conference Paper « Open access

Deployment of models of HRIRs using PCA in digital signal
processing board

Hugeng, H., Sutiawan, T.

IOP Conference Series: Materials Science and Engineering, 2019, 508(1), 012079

Show abstract Related documents

Conference Paper « Open access

Implementation of improved 3D interpolation technique on
HRIR models using PCA

Hugeng, H., Naufal, I.

IOP Conference Series: Materials Science and Engineering, 2019, 508(1), 012078

Show abstract Related documents

Conference Paper

Enhanced three-dimensional HRIRs interpolation for virtual
auditory space

Hugeng, H., Anggara, J., Gunawan, D.

Proceedings - International Conference on Signals and Systems, ICSigSys 2017, 2017, pp.
35-39, 7967065

Show abstract Related documents

Article « Open access

Implementation of 3d hrtf interpolation in synthesizing
virtual 3d moving sound

Hugeng, H., Anggara, J., Gunawan, D.

International Journal of Technology, 2017, 8(1), pp. 184-193

Show abstract Related documents

Article

Development of the 'healthcor' system as a cardiac disorders
symptoms detector using an expert system based on arduino
uno

Hugeng, H., Kurniawan, R.

International Journal of Technology, 2016, 7(1), pp. 78—87

Show abstract Related documents

Conference Paper

Pre-processing optimization on sound detector application
AudiTion (Android based supporting media for the deaf)
Gautama, G., Widjaja, I., Sutiono, M.A., Anggara, )., Hugeng

2014 1st International Conference on Information Technology, Computer, and Electrical
Engineering: Green Technology and Its Applications for a Better Future, ICITACEE 2014 -

J

Proceedings, 2015, pp. 233-238, 7065748

Show abstract Related documents

0

Citations

2

Citations

0

Citations

1

Citations

4

Citations

6

Citations

8

Citations

0

Citations

Back to top


https://www.scopus.com/authid/detail.uri?authorId=55135962100
https://www.scopus.com/authid/detail.uri?authorId=57218625660
https://www.scopus.com/search/submit/mlt.uri?eid=2-s2.0-85089831421&src=s&all=true&origin=resultslist&method=ref&zone=resultsListItem
https://www.scopus.com/search/submit/mlt.uri?eid=2-s2.0-85089831421&src=s&all=true&origin=resultslist&method=ref&zone=resultsListItem
https://www.scopus.com/search/submit/mlt.uri?eid=2-s2.0-85089831421&src=s&all=true&origin=resultslist&method=ref&zone=resultsListItem
https://www.scopus.com/search/submit/mlt.uri?eid=2-s2.0-85089831421&src=s&all=true&origin=resultslist&method=ref&zone=resultsListItem
https://www.scopus.com/authid/detail.uri?authorId=55135962100
https://www.scopus.com/authid/detail.uri?authorId=55135962100
https://www.scopus.com/authid/detail.uri?authorId=57218625660
https://www.scopus.com/authid/detail.uri?authorId=57218625660
https://www.scopus.com/authid/detail.uri?authorId=55135962100
https://www.scopus.com/authid/detail.uri?authorId=6602373768
https://www.scopus.com/authid/detail.uri?authorId=57211295353
https://www.scopus.com/search/submit/mlt.uri?eid=2-s2.0-85073328549&src=s&all=true&origin=resultslist&method=ref&zone=resultsListItem
https://www.scopus.com/search/submit/mlt.uri?eid=2-s2.0-85073328549&src=s&all=true&origin=resultslist&method=ref&zone=resultsListItem
https://www.scopus.com/search/submit/mlt.uri?eid=2-s2.0-85073328549&src=s&all=true&origin=resultslist&method=ref&zone=resultsListItem
https://www.scopus.com/search/submit/mlt.uri?eid=2-s2.0-85073328549&src=s&all=true&origin=resultslist&method=ref&zone=resultsListItem
https://www.scopus.com/authid/detail.uri?authorId=55135962100
https://www.scopus.com/authid/detail.uri?authorId=55135962100
https://www.scopus.com/authid/detail.uri?authorId=6602373768
https://www.scopus.com/authid/detail.uri?authorId=6602373768
https://www.scopus.com/authid/detail.uri?authorId=57211295353
https://www.scopus.com/authid/detail.uri?authorId=57211295353
https://www.scopus.com/authid/detail.uri?authorId=55135962100
https://www.scopus.com/authid/detail.uri?authorId=57208863939
https://www.scopus.com/search/submit/mlt.uri?eid=2-s2.0-85065993715&src=s&all=true&origin=resultslist&method=ref&zone=resultsListItem
https://www.scopus.com/search/submit/mlt.uri?eid=2-s2.0-85065993715&src=s&all=true&origin=resultslist&method=ref&zone=resultsListItem
https://www.scopus.com/search/submit/mlt.uri?eid=2-s2.0-85065993715&src=s&all=true&origin=resultslist&method=ref&zone=resultsListItem
https://www.scopus.com/search/submit/mlt.uri?eid=2-s2.0-85065993715&src=s&all=true&origin=resultslist&method=ref&zone=resultsListItem
https://www.scopus.com/authid/detail.uri?authorId=55135962100
https://www.scopus.com/authid/detail.uri?authorId=55135962100
https://www.scopus.com/authid/detail.uri?authorId=57208863939
https://www.scopus.com/authid/detail.uri?authorId=57208863939
https://www.scopus.com/authid/detail.uri?authorId=55135962100
https://www.scopus.com/authid/detail.uri?authorId=57208859184
https://www.scopus.com/search/submit/mlt.uri?eid=2-s2.0-85065971319&src=s&all=true&origin=resultslist&method=ref&zone=resultsListItem
https://www.scopus.com/search/submit/mlt.uri?eid=2-s2.0-85065971319&src=s&all=true&origin=resultslist&method=ref&zone=resultsListItem
https://www.scopus.com/search/submit/mlt.uri?eid=2-s2.0-85065971319&src=s&all=true&origin=resultslist&method=ref&zone=resultsListItem
https://www.scopus.com/search/submit/mlt.uri?eid=2-s2.0-85065971319&src=s&all=true&origin=resultslist&method=ref&zone=resultsListItem
https://www.scopus.com/authid/detail.uri?authorId=55135962100
https://www.scopus.com/authid/detail.uri?authorId=55135962100
https://www.scopus.com/authid/detail.uri?authorId=57208859184
https://www.scopus.com/authid/detail.uri?authorId=57208859184
https://www.scopus.com/authid/detail.uri?authorId=55135962100
https://www.scopus.com/authid/detail.uri?authorId=56596801200
https://www.scopus.com/authid/detail.uri?authorId=6602373768
https://www.scopus.com/search/submit/mlt.uri?eid=2-s2.0-85026655693&src=s&all=true&origin=resultslist&method=ref&zone=resultsListItem
https://www.scopus.com/search/submit/mlt.uri?eid=2-s2.0-85026655693&src=s&all=true&origin=resultslist&method=ref&zone=resultsListItem
https://www.scopus.com/search/submit/mlt.uri?eid=2-s2.0-85026655693&src=s&all=true&origin=resultslist&method=ref&zone=resultsListItem
https://www.scopus.com/search/submit/mlt.uri?eid=2-s2.0-85026655693&src=s&all=true&origin=resultslist&method=ref&zone=resultsListItem
https://www.scopus.com/authid/detail.uri?authorId=55135962100
https://www.scopus.com/authid/detail.uri?authorId=55135962100
https://www.scopus.com/authid/detail.uri?authorId=56596801200
https://www.scopus.com/authid/detail.uri?authorId=56596801200
https://www.scopus.com/authid/detail.uri?authorId=6602373768
https://www.scopus.com/authid/detail.uri?authorId=6602373768
https://www.scopus.com/authid/detail.uri?authorId=55135962100
https://www.scopus.com/authid/detail.uri?authorId=56596801200
https://www.scopus.com/authid/detail.uri?authorId=6602373768
https://www.scopus.com/authid/detail.uri?authorId=55135962100#disabled
https://www.scopus.com/search/submit/mlt.uri?eid=2-s2.0-85011067143&src=s&all=true&origin=resultslist&method=ref&zone=resultsListItem
https://www.scopus.com/search/submit/mlt.uri?eid=2-s2.0-85011067143&src=s&all=true&origin=resultslist&method=ref&zone=resultsListItem
https://www.scopus.com/search/submit/mlt.uri?eid=2-s2.0-85011067143&src=s&all=true&origin=resultslist&method=ref&zone=resultsListItem
https://www.scopus.com/search/submit/mlt.uri?eid=2-s2.0-85011067143&src=s&all=true&origin=resultslist&method=ref&zone=resultsListItem
https://www.scopus.com/authid/detail.uri?authorId=55135962100
https://www.scopus.com/authid/detail.uri?authorId=55135962100
https://www.scopus.com/authid/detail.uri?authorId=56596801200
https://www.scopus.com/authid/detail.uri?authorId=56596801200
https://www.scopus.com/authid/detail.uri?authorId=6602373768
https://www.scopus.com/authid/detail.uri?authorId=6602373768
https://www.scopus.com/authid/detail.uri?authorId=55135962100#disabled
https://www.scopus.com/authid/detail.uri?authorId=55135962100#disabled
https://www.scopus.com/authid/detail.uri?authorId=55135962100
https://www.scopus.com/authid/detail.uri?authorId=57093905400
https://www.scopus.com/authid/detail.uri?authorId=55135962100#disabled
https://www.scopus.com/search/submit/mlt.uri?eid=2-s2.0-84956934921&src=s&all=true&origin=resultslist&method=ref&zone=resultsListItem
https://www.scopus.com/search/submit/mlt.uri?eid=2-s2.0-84956934921&src=s&all=true&origin=resultslist&method=ref&zone=resultsListItem
https://www.scopus.com/search/submit/mlt.uri?eid=2-s2.0-84956934921&src=s&all=true&origin=resultslist&method=ref&zone=resultsListItem
https://www.scopus.com/search/submit/mlt.uri?eid=2-s2.0-84956934921&src=s&all=true&origin=resultslist&method=ref&zone=resultsListItem
https://www.scopus.com/authid/detail.uri?authorId=55135962100
https://www.scopus.com/authid/detail.uri?authorId=55135962100
https://www.scopus.com/authid/detail.uri?authorId=57093905400
https://www.scopus.com/authid/detail.uri?authorId=57093905400
https://www.scopus.com/authid/detail.uri?authorId=55135962100#disabled
https://www.scopus.com/authid/detail.uri?authorId=55135962100#disabled
https://www.scopus.com/authid/detail.uri?authorId=56596647800
https://www.scopus.com/authid/detail.uri?authorId=56596435300
https://www.scopus.com/authid/detail.uri?authorId=56596799500
https://www.scopus.com/authid/detail.uri?authorId=56596801200
https://www.scopus.com/authid/detail.uri?authorId=55135962100
https://www.scopus.com/search/submit/mlt.uri?eid=2-s2.0-84927916473&src=s&all=true&origin=resultslist&method=ref&zone=resultsListItem
https://www.scopus.com/search/submit/mlt.uri?eid=2-s2.0-84927916473&src=s&all=true&origin=resultslist&method=ref&zone=resultsListItem
https://www.scopus.com/search/submit/mlt.uri?eid=2-s2.0-84927916473&src=s&all=true&origin=resultslist&method=ref&zone=resultsListItem
https://www.scopus.com/search/submit/mlt.uri?eid=2-s2.0-84927916473&src=s&all=true&origin=resultslist&method=ref&zone=resultsListItem
https://www.scopus.com/authid/detail.uri?authorId=56596647800
https://www.scopus.com/authid/detail.uri?authorId=56596647800
https://www.scopus.com/authid/detail.uri?authorId=56596435300
https://www.scopus.com/authid/detail.uri?authorId=56596435300
https://www.scopus.com/authid/detail.uri?authorId=56596799500
https://www.scopus.com/authid/detail.uri?authorId=56596799500
https://www.scopus.com/authid/detail.uri?authorId=56596801200
https://www.scopus.com/authid/detail.uri?authorId=56596801200
https://www.scopus.com/authid/detail.uri?authorId=55135962100
https://www.scopus.com/authid/detail.uri?authorId=55135962100
https://www.scopus.com/authid/detail.uri?authorId=55135962100#top
https://www.scopus.com/authid/detail.uri?authorId=55135962100#top
https://www.scopus.com/authid/detail.uri?authorId=55135962100#top

About Scopus

What is Scopus
Content coverage
Scopus blog
Scopus API

Privacy matters

Language

HAEICYIYEZS
THREIEIHARASL
VBB EER X

Pycckuin a3bik

Customer Service

Help
Tutorials

Contact us

ELSEVIER

Terms and conditions 7]  Privacy policy 71

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

IOP Conference Series: Materials Science and Engineering

PAPER

Deployment of models of HRIRs using PCA in digital signal processing
board

To cite this article: Hugeng Hugeng and Tommy Sutiawan 2019 IOP Conf. Ser.: Mater. Sci. Eng. 508 012079

View the article online for updates and enhancements.

Bringing you innovative digital publishing with leading voices

to create your essential collection of books in STEM research.

This content was downloaded from IP address 255.255.255.254 on 27/04/2019 at 15:37


https://doi.org/10.1088/1757-899X/508/1/012079
https://oasc-eu1.247realmedia.com/5c/iopscience.iop.org/434089349/Middle/IOPP/IOPs-Mid-MSE-pdf/IOPs-Mid-MSE-pdf.jpg/1?

TICATE 2018 IOP Publishing
IOP Conf. Series: Materials Science and Engineering 508 (2019) 012079 doi:10.1088/1757-899X/508/1/012079

Deployment of models of HRIRs using PCA in digital signal
processing board

Hugeng Hugeng'” and Tommy Sutiawan?

Electrical Engineering Department, Universitas Tarumanagara, JI. Letjen S. Parman
No. 1, Jakarta 11440, Indonesia.

2Computer Engineering Department, Universitas Multimedia Nusantara, JI. Scientia
Boulevard, Gading Serpong, Tangerang 15811, Indonesia

“hugeng@ft.untar.ac.id

Abstract. Three-dimensional sound effect has been around us when we are playing video games
and watching movies in theatres. This happens because many researches have been developed
to deploy head-related impulse responses (HRIRs) for 3-D sound reproduction. In reproducing
3-D sound, monaural sound is convolved with a pair of HRIRS. In this research, PKU-IOA HRTF
Database has been used. An original HRIR consists of 1024 samples with 65,536 Hz sampling
rates. Pre-processing is performed on the HRIRs, so that we obtain five data types including the
original ones, i.e. original HRIRs (type 1); original HRIRs chopped to first 512 samples (type
2); and 349 samples (type 3); HRIRs with 256 samples and 48 kHz sampling rate (type 4) that
originating from original HRIRs with 349 samples that are down-sampled to 48 kHz; and the
last data type is minimum phase HRIRs with first 200 samples that are reconstructed from
original HRIRs (type 5). Each data type is then modelled using principal components analysis
(PCA). The averages of percentage errors are respectively 24.259%, 24.244%, 24.242%,
21.080%, and 5.422% for type 1 to type 5. The best-resulted model is minimum phase HRIRS
(type 5); these HRIRs are then reconstructed and deployed in Digital Signhal Processor (DSP)
Board TMS320C5535 to reproduce 3-D sound from monaural one.

1. Introduction

Research and development for 3-D sound aim to get users a more engaging experience while watching
a movie or playing video games with virtual reality technology because the user feels like coming into
the world that being watched or played [1]. It is based on the knowledge of the human ability to
determine sound position in 3-D space, from distance or length, the direction from above and below, in
front and back, and to both sides of the sound positions even though human has only two ears. This is
possible because our brain, inner ear and outer ear (pinna) work together to determine the position of
the sound [2][3].

HRIR has been the focus of acoustic and psychoacoustic research. Explicitly HRIR can be referred
to as an acoustic filter of human beings that filters out the spatial sound that falls on the head, torso, and
pinna. HRIRs can be used to simulate spatial or 3-D sound through headphones and loudspeakers. The
HRIR data set is estimated to contain all the sonic cues that affect the perception of spatial sound
positions. However, massive HRIR measurements need intensive effort from an individual to stay still
for a long time period to measure HRIRs from all points which sound may come. With HRIR modelling,
we can model other non-existing HRIRs from a set of HRIRs in a database. Thus, less HRIRs are only
needed to be measured which reduces the effort and cost needed.

Content from this work may be used under the terms of the Creative Commons Attribution 3.0 licence. Any further distribution
BY of this work must maintain attribution to the author(s) and the title of the work, journal citation and DOI.
Published under licence by IOP Publishing Ltd 1
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In this research, we implement modelled HRIRs conducted by principal components analysis (PCA)
on digital signal processor (DSP) board. Previously, similar researches had been done before that HRIR
data can be implemented in a DSP board to produce 3-D sound sources [4][5]. However, HRIR data
implemented in [4] used the interpolation of original measured HRIRs from CIPIC HRTF Database and
was not processed first using PCA modelling which was then reconstructed to be implemented into the
DSP board. The researchers in [5] used DSP board TMS320C6713DSK development kit that served as
a hardware platform for the designed spatial audio synthesis system. This DSP board has more capacity
than the DSP board used in our research, but it is more complicated.

The modelling HRIRs using PCA was used because PCA is the most effective way of describing
HRIRs with reduced data. The statement was made by Marten who had implemented the PCA on HRTFs
by describing the original data sets with some orthogonal components and corresponding weight
variables [6]. The weight variations described with appropriate functions can present HRTF very
effectively with only a few data coefficients. They are also possible to produce spatial sounds for
arbitrary positions that are not measurable since each weight variation is represented by a continuous
function whose value is readable for all azimuth positions [7].

The rest of the paper is organized as follows. In Section 2, we discuss some basic concepts about
PKU-IOA HRTF Database and DSP board used. Section 3 consists of the research methodology. Section
4 provides the results of the research and the discussion about them. The conclusion is explained in
Section 5.

2. Literature review
In this section, some details of DSP board used and PKU-IOA HRTF Database are explained.

2.1. PKU-IOA HRTF database

A pair of Head-Related Impulse Responses (HRIRs) from a single spatial point is recorded using a
Knowles Electronics Mannequin for Acoustics Research (KEMAR) mannequin in one file in the
PKU-IOA-HRTF Database and stored as a dat file where the length of each file is 2048 samples, and
the data type is a double data type. The first 1024 samples is HRIR from the left ear (large ear), and then
last 1024 samples is HRIR from the right ear (small ear). The sample rate of this database is 65,536 Hz.
This database can be downloaded from http://www.cis.pku.edu.cn/auditory/Staff/ Dr.Qu.files/Qu-
HRTF-Database.html [8].

The PKU-IOA HRTF Database is a high-spatial resolution Head-Related Transfer Function (HRTF)
database with spacing between 20 cm to 160 cm, including 20, 30, 40, 50, 75, 100, 130, and 160 cm;
elevation from -40 to 90 degrees at a step of 10 degrees. The angles of the azimuth range from 0 to 360
degrees with different steps which depend on the elevations. On elevation from -40 to 50 degrees, the
azimuth step is 5 degrees; at the step of 10 degrees on elevation of 60 degrees; at the step of 15 degrees
on 70 degrees elevation; at the step of 30 degrees at elevation 80 degrees, and at the step of 360 degrees
at 90 degrees elevation.

2.2. Digital signal processor board
After evaluation of distinguish digital signal processor (DSP) architectures, we have decided to use
C5535 eZdsp architecture of Texas Instruments. The following features of his architecture are very
important and useful in the presented task:

e Texas Instrument’s TMS320C5535 Digital Signal Processor
Texas Instruments TLV320AIC3204 Stereo Codec (stereo in, stereo out)
USB 2.0 interface to C5535 processor
8 Mbytes SPI flash
Embedded USB XDS100 JTAG emulator

e Compatible with Texas Instruments Code Composer Studio
A 16-bit fix point EZDSP TMS320C5535 was chosen as the signal processing platform in the realized
project. It features sufficient processing power while being enough current consumption efficient to
build a mobile device based on this DSP. Texas Instruments released a DSP optimized C/C++ compiler
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embedded in Code Composer Studio programming environment, that is capable of very efficient
machine code generation. The key features of eZdsp TMS320C5535 can be seen at Figure 1.

C5535 DSP

XF LED ,
Wireless

USB connector Interface

=0
usB .
Emulation

Connector

SPI Flash

Expansion
Connector
LEDs

AIC3204
Stereo In
Stereo Out

Display

Pushbuttons

Figure 1. Key features of eZdsp TMS320C5535 [9].

3. Research methodology

This research is divided into 2 main parts, those are modelling the HRIRs from the PKU-IOA HRTF
Database using PCA in Matlab; and the implementation of the resulted PCA models of HRIRs into
reconstructed HRIR data in DSP Board, as seen in Figure 2. Figure 2a describes the research scheme
performed in our work. For each distance of sound source from head centre, there are 793 positions in
sphere, that means there are 793 HRIRs for each ear. In performing PCA modelling, we use two kinds
of HRIR data; i.e. HRIR data from 3 distances (50 cm, 75 cm, and 100 cm) and HRIR data only from
distance 75 cm. All HRIR data come from original HRIRs in the used database with sampling rate of
65,536 Hz and 1024 samples in each HRIR. The goal of pre-processing of original HRIRs is to
investigate which HRIR data type after a certain pre-processing results in the best HRIR model. Pre-
processing is performed on the HRIRs, so that we obtain five data types including the original ones, i.e.
original HRIRs (type 1); original HRIRs chopped to first 512 samples (type 2); and chopped to first 349
samples (type 3); HRIRs with 256 samples and 48 kHz sampling rate (type 4) that originating from first
349 samples of original HRIRs which are down-sampled to 48 kHz; and the last data type is minimum
phase HRIRs with first 200 samples that are reconstructed from original HRIRs (type 5) [10]. Each data
type is then modelled using PCA, which is described in [10][11]. The output of PCA is eigen vectors, v;
(PCs), theirs weights, w (PCWs), and mean of all HRIRs, pn. The resulted HRIR model is the linear
combination between a few eigen vectors and their corresponding weights, added by mean of all HRIRs.
Only a few eigen vectors are used in order to reduce the usage of data, but 90% variability in the whole
data is maintained. Here we use 43 eigen vectors for HRIR data type 1 to type 4 and only 10 eigen
vectors to HRIR data type 5.

The flowchart of data reconstruction for modelling HRIRs using PCA can be seen on Figure 2b. We
modelled and reconstructed HRIR data from pn, PCs, and PCWs with distance of 75 cm, elevations from
-40° to 50° with an elevation step of 10°, and azimuths from 0° to 355° with 5° azimuth jump. The PCA
variables (un, PCs, and PCWs) are then exported to Code Composer Studio (CCS) program in the form
of text files. These files are moved into the project folder for CCS. The variables are combined to
produce HRIR model for left ear and HRIR model for right ear. Each HRIR model is convolved with
monaural sound that comes from a particular sound position, so that it outputs a pair of 3D sound for
left and right ear.

Figure 2b shows the data reconstruction process of HRIR models. It begins with reading all PCA
variables in the form of text files from Matlab. A few number of L eigen vectors in matrix A are linearly
combined with their corresponding weights, W, then its result is added by pn. In the purpose of data
normalization, we search the maximum absolute sample of all resulted models, h. The HRIR models
are divided by this maximum, and at the end the output is multiplied by 32,767 and rounded to the
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nearest integer. This kind of data normalization is needed because we use a 16-bit fixed points DSP
board. The result of data normalization is then stored and saved in the form of text files. We call these
models for DSP later to compare them with the resulted PCA models from Matlab.

__________________________________ ]
DSP Board
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Figure 2. Research scheme in implementing HRIRs into DSP Board.

4. Results and discussion
In this section, we explain the parameter used to show the performance of PCA modelling and data
reconstruction in DSP board. Analysis of the performance of deployment HRIR models into DSP Board
is also performed.
4.1. Performance parameter
A goal of PCA is to keep as much of the variation of the original database as possible, while minimizing
the number of eigen vectors and weights needed to model the original HRIRs. The percentage error
between an original HRIR, h, from the database and its model, h, is defined as
a 2

e(8,8) = 100% XW
where 6, @ are the azimuth and elevation angle of the position of sound source, respectively.
4.2. Performance of HRIRs modelling
Figure 3a shows the percentage errors of right ear HRIRs modelling along the horizontal plane. In this
case, PCA is performed by using all HRIRs from distance 75 cm only. The worst error for each HRIR
data type 1 to 4 happens at azimuth angle of 265° with error of about 98%, where the sound position is
located in the opposite of right ear. This result is as expected because the amplitudes of HRIRs in the
contralateral side of hearing ear are very small compared to amplitudes of HRIRs in the ipsilateral side,
so that PCA has difficulties to approximate these HRIRs well.
The percentage errors of right ear HRIRs modelling along the median plane can be seen in Figure 3b.
As observed, the percentage errors are relatively small and almost the same in positions along the median
plane, i.e. between 0 and 10% for all data types. This happens because the HRIRs have similar shapes
and relatively large amplitudes at those positions. Table 1 provides the averages of percentage errors of
right ear HRIR models along the horizontal plane and the median plane, for all data types. The average
of percentage errors of data type 1, type 2, and type 3 are relatively the same, i.e. about 2.90% in the

@)
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median plane and 11.72% in the horizontal plane, for right ear HRIR models. This fact has validated
that the discarded samples of original HRIRs have no contribution to the performance of HRIRs
modelling using PCA. Using HRIR data type 5 or the minimum phase HRIRsS, it results in the smallest
average error of 6.38% for positions along the horizontal plane. Although the average error along median
plane for minimum phase HRIRs is not the smallest, it is almost the same with other average errors of
remaining data types. This result is in line with our previous work in [12].

Percentage Errors of PCA Models of Right HRIRs in the Horizontal Plane

(@) in the horizontal plane (b) in the median plane
Figure 3. Percentage errors of right ear HRIR models using PCA.

Table 1. Average of percentage errors of right ear HRIR models

HRIR data No. of Horizontal | Median
samples used plane plane
Type 1 1024 11.73 2.91
Type 2 512 11.72 2.90
Type 3 349 11.72 2.90
Type 4 256 9.66 1.49
Type 5 200 6.38 3.12

Table 2. Global average of percentage errors of HRIR models

. HRIR No. of No. of eigen OA ve. of OAvg. of
Pre-processing data samples veotors used A{ errors % errors
used (3 distances) | (75 cm)
Original 65,536 Hz type 1 1024 43 24.26 13.48
Chopped type 1 type 2 512 43 24.24 13.46
Chopped type 1 type 3 349 43 24.24 13.45
Resampled type 3to | type 4 256 43 21.04 9.79
48 kHz
Minimum phase type 5 200 10 5.45 591

Table 2 gives the information about the global average of percentage errors of HRIR models for all
positions. Our first experiment used HRIR data from 3 distances (50 cm, 75 cm, and 100 cm) with
targeted models using PCA for HRIRs in all positions of distance 75 cm. Second experiment using PCA
was conducted by using only HRIR data from distance 75 cm. Overall, the averages of percentage errors
of models that are delivered from HRIR data only with distance 75 cm are much better than those from
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HRIR data with three distances. It is plausible because the HRIR data from a distance have relatively
large amplitude variations compared to HRIR data from other distances.

The averages of percentage errors of models from HRIR data type 1 to type 3 are relatively the same for
both cases. The models of HRIR data type 4 are slightly better than the models of HRIR data type 1 to
type 3. However, the best models come from HRIR data type 5 which are minimum phase HRIRs. The
average of percentage errors of the models of minimum phase HRIRs is the smallest compared to other
models, i.e. 5.91% for HRIR data from 75 cm and 5.45% for HRIR data from three distances. It shows
that the reconstructed minimum phase HRIR data using PCA almost resemble the original HRIR data
because the resulting global average is very small. That is why, we further use the models of minimum
phase HRIRs extracted from only HRIR data with 75 cm distance in the data reconstruction for
implementation in the DSP board.

Comparison of original HRIR, model of HRIR, and reconstructed HRIR [left ear (0°,0°)]

024
02

—— original HRIR
modelled HRIR

—original HRIR
035 modelled HRIR

plitud
. ©
S >

Figure 4. Reconstructed minimum phase HRIRs for position directly in front of a listener

The HRIR data type used in Figure 4 is minimum phase HRIR. As it can be seen, the blue graphs are
the original HRIRs, the red graphs are the modelled HRIRs using PCA, and the black graphs are the
reconstructed HRIRs in DSP board. The position of sound source for these HRIR data is directly in front
of a listener, which has azimuth 0° and elevation 0° or (0°, 0°). The reconstructed HRIRs are very similar
visually as the modelled HRIRs that were used to make the reconstructed HRIRS. The percentage error
between the reconstructed HRIR and the modelled HRIR for left ear (Figure 4 above) is 1.03%, whereas
between the original HRIR and the modelled HRIR is 11.32%; and between the original HRIR and the
reconstructed HRIR is 14.29%. For right ear (Figure 4 below), the percentage error between the
reconstructed HRIR and the modelled HRIR is 1.21%, but that between the original HRIR and the
modelled HRIR is 28.80%; and that between the original HRIR and the reconstructed HRIR is only
18.40%. This result indicates that the reconstructed HRIRs in DSP board have a very high degree of
similarity to their original HRIR data.

The next test is to calculate the time required by DSP Board TMS320C5535 eZdsp to conduct the
process of reconstruction of HRIR data from modelled HRIRs using PCA with C programming language
in simulating 12 sound positions moving around the horizontal plane. The test is performed by
debugging the C program. Debug programs that run only from the beginning and end of the HRIR data
reconstruction process are completed in order to calculate the clock cycle required to process the
modelling using PCA. The test gives the result of clock cycle calculation of 76,622,703 clock cycle. To
change the clock cycle count into units of time, the calculation is done by multiplying the cycle count
with periods in the DSP board [9]. In this research, the frequency used is 300 MHz. From the calculation,
the result of HRIR data reconstruction is 255.41 ms.
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5. Conclusion

Based on the results of this research, implementation the HRIR models using PCA in DSP board
TMS320C5535 eZdsp™ can be performed by first using Matlab program in processing original HRIR
data and then modelling them by PCA. We found that using the minimum phase HRIRs resulted in the
best models using PCA method compared to original HRIRs, chopped original HRIRs, and resampled
HRIRs, that were tested in our experiments. The global average of percentage errors of these models is
only 5.91%. Using minimum phase HRIRs, the reconstructed HRIRs in DSP board have a very high
degree of similarity compared to the modelled HRIRs in Matlab. The reconstruction process in DSP
board to simulate 12 sound sources moving around the horizontal plane takes only 255.41 ms.
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