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Researcher

Degree

LMt GO

Ph.D. (Dr. of Enginecring) (University of Tokyo)

OHYA, Jun SR FURRA TSR RN TR
Title Professor (Department of Modern Mechanical Engineering, School of Creative Science and Engineering)
SFRAN BRI
Research Arez Imagy
®7ovrh EgTE
Project Research on Image Engineering

Homepage/Email http://www.ohyamech waseda.acjp

AR K

KAWAHARA, Daisuke

*F

Degree

WL () GRaBRo)

Ph.D in Informatics (Kyoto University

o0 % WOR (BN TERARUEEER)

Title Professor (Department of Communications and Computer Engineering. School of Fundamental Science and Engincering)
SR  AREIRA. WebliHaR, ATk

Rescarch Area Natural Language Processing, Web Information Processing, Artificial Intelligence
*7/o iR T

EH Bz

*

Degree

KASAL, Hiroyuki on %

Title

LWL (LR )
D. Engineering (Waseda University
o (R TR EGR I F R R

Professor (Department of C s and Computer E

School of Fund: | Science and Engineering!

SHRT T

RA{LES. BNEE. ATeR

Research Area Optimization theory, Machine learning. Signal processing

Bl - FHIATLHR

Rescarch on optimization and learning for systems

8

Homepage/Email http://kasai.commwaseda.acjp

hiroyuki kasai@wasedajp

Project Natural Language Processing
‘ Homepage/Email https:/‘nip-wasedajp’ dkw@wasedajp
* L7 (195 (ALK )
QK ! Degree D. of Engineering (Tohoku Univ.)
SHIMAMOTO, Shigeru @At B W R TR HUE R F )
Title Professor (Department of Communications and Computer Enginecring. School of Fundamental Science and Engineering)
STORORY, —¥aviEe A¥

Other AfSiations

tiona)  Director of Japan Society of Simulation Technology

L
R

Project

DAY VAT 42 A 5K RSl . 00 S 4 R R AR VX A DR, A ke vy
Wireless Access, Satellite Communication, Optical Wircless Communication, VZX, Al based Wireless Communication, Vital Sensing
TAYLAT 74 AT

Wireless Access Scheme

Homepage/Email http.//www.

sciwaseda.acjp/ shi vaseda.jp

BiE ZHB

KATTO, Jiro

*F e
Degree
*u %

Title

W1 O GRRAT)
Ph.D (University of Tokyo)
T ORI GE 42 F F D)

Professor (Department of Communications and Computer Engincering, School of Fundamental Scicnce and Engineering

SoltoRy, LTWHEGER

Other A

FR7=0—, BREHREATITFERT=0—
IEICE Fellow, ITE Fellow

SR Y

R aks TR T TS ]

Research Area Multimedia Communications, Image Processing

*70v2sb

Project

ER T EHR

Image Information

L.

Homepage/Email https://www.katto.comm.waseda.ac jp.

katto@waseda.jp

Ak fE=

SHIMIZU, Kana

*F

Wt (105F) (R ERE )

Degree Dr. Eng. (Waseda University)
o B RROERR URRNAERAE LER)

Title Professor (Department of Computer Science and Engineering. School of Fundamental Science and Engineering
SRS hGWRAE. /LRI, 7210 — RHER

Research Area

Project

Computational Biology, Genome Sequence Analysis, Privacy-preserving Technologies

Hidr R

Computational Biology

Homepage/Email  https://'www.cbio.cs waseda.acjp.

L B

KAMEYAMA, Wataru

*E
Degree
*i )

Title

LFNL (R
Doctor of Engineering (Waseda University)
HR R TFSMEREEER)

Professor (Department of Communications and Computer Engineering. School of Fundamental Science and Engineering

L i

2AFATATIREREE, WEUE, RS

Research Area Multimedia Information Distribution, Information Sharing, Information Retrieval

H AEF

TANAKA-ISHII, Kumika

*¢E
Degree
o %

Title

LML (RORKF)
D. Engineering (The University of Tokyo)
Foiz LW TFRM R ERas)

Professor (Department of Computer Science and Engineering. School of Fundamental Science and Engincering)

Project

. Complex System, Machine learning

§0 BOR - R

Natural Language and Machine Learning

al Linguisti

AL L TolY
Mathematical Modeling

Homepage/Email https://ml-waseda jp.

kumiko@waseda jp

wE EE

KAWAI, Takashi

&7 LAF AT T HIAOE > AF LR
Project Multimedia Information Distribution Systems
Homepagy mail http://wwwkmcommwaseda.acjp/ wataru@was
fe WL AR (R
Degree Ph.D. in Human Sciences (Waseda University)
*0n % BB TR ZRFR)
Title Professor (Department of Intermedia Art and Science, School of Fundamental Science and Engineering)

SIokoRy EARRIES HAR.

ms (optionsl) Japan Committee

Otber A

aR

ir of Advanced Imaging Society

SR

Research Area Ergonomies / Human

L FAEF Y
Proj

AR TS R HBR, A= F AT YT 2T 2TV a—F A2 Y  JORE—Y N 27 T2 —R

ictors, Stereoscopic Imaging, Virtual Reality, Wearable Computing, Cross-modal Interface

Fl AT TEAM 1

Ergonomics / Human Factors in Advanced Imaging

‘,\

Homepage/Email http://www.tkawai-lab.com

Bl 2

TOGAWA, Nozomu

L =2 W (T RRmE

Degree D. Engineering (Waseda University)
>0 % EROLRA CEEMAUAERER)

Title Professor (Department of Communications and Computer Engineering. School of Fundamental Science and Engineering
SUERTY REIAFL, MEEX2YFA

Research Area

®7udh

Project

Integrated Systems, Information Security

s AT A AR R

Information System Design

Homepage/Email http.//www.togawa.cswaseda.acjp.

ntogawa@wasedajp

& Ei

KAWANISHI, Tetsuya

> 4
Degree
*n f

Title

W C12) iU R)
Ph.D (Engineering) (Kyoto Universit
FOR OERA TFRE FWRY AFLER)

i
Professor ( Department of Electronic and Physical Systems, School of Fundamental Science and Engineering)

S$IoftoRy IEEE7

Other AR

(optiona) 1E

L i

RN L7 74 /GG, 77~ 2l R, > o A

Research Area Optical modulation, Optical fiber communications, THz communications, Senor technology

L Fa-FFS AN
Project

HLH O

Convergence of Radio and Optical Technologies

Homepage/Email https://kawanishi.wwaseda.jp

FE FA

NAKAZATO, Hidenori

4% (£ PhD.in Computer Science (University of Illinois)
Degree Ph.D. in Computer Science (University of Illinois)
ol 7 R ORRR TEEMBLEEER)
Title Professor (Department of Communications and Computer Engineering, School of Fundamental Science and Engincering)
ST KHEANEA -2 FHROVEa tvy
Research Ares  Future Information Network, Distributed Computing
®Tuvzrt Ao bu—rHRAR

Project

Network Information Processing

Homepage/Email http://www.nz.comm.waseda.ac.jp.

nakazato@waseda.jp
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MIYASHITA, Tomoyuki

|

Researcher

* MRS, LA

Degree D. Engineering (Waseda Universit
SR B R OEEA TR O RN RO
Title Professor (Department of Modern Mechanical Engineering, Schoal of Creative Science and Engineering)

STOBORY, HARR

Othe: o

oy

ty of Design Engineering, Dircctor

SR i L%, &at L
Research Area Space engineering. Design
*7 b PRFLATHA SWIR. FHA ¥
Project System Design. Design Generation

gineering. Design Optimization

F—ar iR

Homepage/Email  http://www.miyashitammechwasedaacjp tomomiyashita@waseda jp

F

=E M=
Sf\KO. Kazue

5 £ :(
Degree PhD (Kyoto University
FRE (ER TREWRA AR

Professor (Department of Computer Science and Engineering, School of Fundamental Science and Engineering

HABHMAFL 70— HAFEN2REE 2R

JSIAM Fellow, Member of Science council of Japan

v, Ay Fe—
s, Blockchain

04 el P IN

Distributed Ledger Systems

Homepage/Email https://sako-labjp/ KazueSako@aoniwaseda jp

& OES

MORI, Tatsuya

®F  f EERREET(RRECE)
Degree Dr. Information Science (Waseda University)
el f BTG TEEENELE AT RO

Title Professor (Department of Commumications and Compuler Engincering. School of

amental Science and E

incering)

SRR HREFa T - T4
Research Area Information Security & Privacy
®7oizrh  WHREFDFARIR

Project Information Security Research

Homepage/Email https://seclabjp mori@seclabjp

o T

SATO, Takuro

*F ¢ TFEELEEECE)

Degree D. Engineering (Niigata University)
R ¥ WERRRER

Title Senior Research Professor

STnEORY |

247 7=u—, IEICE?47 7=u—, JSST7=xu—
E life fellow, IEICE life fellow, JSST fellow

SR e K
Research Area
S

RERA 7 —Fo b RIHCB#E R Ry b7 — 2 2 R RR R
gineering: Future mobile internet, Next generation mobile communication network
| science: Standardization research, Ma of Technology

@7ovzsb Project WICEBEASAFL Next generation mobile communications

Homepage/Email http://www.sato.commwasedaacjp/ t-sato@wasedajp

#HFE R

MORITA, Itsuro

*7 e L) G LRERE)
Degree D. Engineering (Tokyo Institute of Technalogy
L 2 % EROERA TEENEaE TR

sor (Department of Communications and Computer Engineering, School of Fundamental Science and Engineering)

ST

Research Area Optical Fiber Communication System, Free Space Optics, Photonic Network

Project Optical Comtunication

Homepage/Email https://moritawwasedajp/ it-morita@waseda jp

WU, Jun

*7 ¥ TFEELHEEAE)
Degree D. Engineering (Waseda University)
L 2 ¥ WPRUENT) (L S A7 LR
Title Professor (nondenure-track) (Graduate School of Information, Production and Systems)

Zru—

STofEoRt |
i IET Fellow

SHRGE FobT—2ACFN I A KEROEI DA F—R2 b
Research Area Network Intelligence, Next Generation Internet of Things

EIDA 7 ¥ =y MR

Internet of Things

Homepage/Email https://www.waseda jp/fsci/gips/other-en/2021/09/14/21514/ junwu@aoniwaseda jp

BB LWH

WASHIZAKI, Hironori

- 2

*F WL RS (R AFE)

Degree Doctor of Information and Computer Science (Waseda University)

2 Computer Soci S5 2R

iond) |EEE Computer Society 2025 President

SRS V7MY T AL- BNFE L, WA
Research Area. Software Engineering, Al and Machine Learning Software Engineering. ICT Education
7RVt WAV TP =T LFEMR

Project Reliable Software Enginecring

Homepage/Email http://www.washicswasedaacjp/ washizaki@wasedajp

Ny Yr=—
PAN, Zhenni

o
L

o IR | e (REREE

Degree Doctor of Science in Global Information and Telecommunication Studies (Waseda University)
Lo ¥ R (TR A T S )
Title Assistant Profcssor (Major in Computer Science and Communications Engincering, Global Center for Science and Engineering)

SR ARMBERA -2, YI-VilfArs b2
Research Area Future Generation Wireless Communications, Green Communi

vz WELER Y AT AMR

Project Wireless Communication Systems

Homepage/Email https://www.sh sciwasedaacjp zhennipan@aoniwasedajp

B %

WATANABE, Hiroshi

*F et Clbied
Degree D. Engineering (Hokkaido University
B F RSN URENEE TR
Title Professor (Department of Communications and Computer Engineering, School of Fundamental Science and Engineering)

SRR EEEE. R, WIRIEEN. RIS
Rescarch Area Deep Learning. Video Processing, Object Recognition, Image Coding
‘27b d—Fad - EVaTARRLRER

Audiovisual Information Processing

Homepage/Email htips:/www.ams gitiwasedaacjp hiroshiwatanabe@wasedajp

X W

WEN, Zheng

*° i
Degree
o F ¥R (R CERRERE R )
Title Assaciate Professor (Major in Computer Science and Communications Engincering Global Center for Science and Engineering)

Aot

‘mergency

s hr—2
ation Network

SifResY KEQEER V-2, CTT 70y —va
Research Area Next Gener: n Network, ICT Application, Disaster
sb fHEGE AF LK TR

Project Information and Communication System

ommunic

Homepage, Email http://www.sato.commwaseda.acjp/ robinwen@aoniwaseda jp

2 I

LU, Jiang

@ ERERRGE G o (WU CE)
Degree Doctor of Science in Global Information and Telecommunication Studies (Waseda University)

*Wm B on

Title Professor (

jor in Computer Science and Communications Engineering Global Center for Science and Engincering)

SRS MEERA P2 XXX, EMBER
Rescarch Area Wireless Communication Network, Sensing, Optical Wireless Comm
®70dzF  KBBELEY VY

Project Wireless Communication and Sensing

Homepage 'Email jiang@waseda.jp

mE &

SAITO, Megumi

f{

B A (RIS ) (RURRIEACE)

Degree Master of Science in Global Information and Telecommunication Studies (Waseda University)
*R ¥ EWLHEAESO—sRLFay—Tavers—)
Title Assistant Professor (Global Education Center, Waseda University)

SR EAAATFRs2hsbI—2
Fo =2 FD Y-

Research Area Mol

Net

le ad hoc network

ork literacy

Homepage ' Email https://www.shimamotolab.sci.waseda.acjp




Researcher (HEIMIZER)

9y Jev ®F {0 DL OURERE)

Degree Master of Enginecring (Waseda University)
WATIS, Hou O| % FRET ORI REERE AR LS —)
Title Research Associate (Global Information and Telecommunication Institute Waseda University)

SRR MEBERAFL, SEERGEYAFL, V2X, RERUBYAFL

Research Area Wireless Cammunication System, Intelligent Transportation System. V2X. Dynamic Traffic Signal Control.

&’ sb RIS AT LS

Project Intelligent Transportation System

Ho

Email wanghuan2022@aoniwaseda jp

= — *F i L0 (REEKE)
=i L Degree Master of Enginecring (Waseda University)
YOSHII, Kazutoshi .

R % FRBT (KEHYRLE AR 5 — HRBT)

Title Research Associate (Global Information and Telecommunication Institute)

SR EBEE. HYEE. wREE

E’Ej Research Area Wircless Communication, Shortwave Communication, Satellite Communication
Hox ge Emaill  kyoshii@aoniwaseda.jp

FHED T RN

Collaboration

ER@FOMEYrELPT, S8, ORI -FRLVCRBEICHSTLIEICEET,
DL LIRRO T CRENVAZZNEALFSMAMBREL RO L0 OE L ko 2N
iz L 2R LD EIRTY

GITITCIZ R & OEFMPIC & 2 ILF PR REREMNIHELTVET,

OHRERD T

GITIRMERECRIMREOUMRMEA TS . WEEN/WER Y b 7— 2 BHlE B
K. FERLAY T IRT—HA7OBE - MfF. ZEORBEXRADRY FT—F AT AL,
Ea—2oAr2—7=x—RREAYE, BRBRIEBAICHI->TVET.

OZ MR - HAME 7O LR
RIEFRIE, % - NPO - B - BiAE - RMPH - BALEYADSOEREZITHONAIHRTIACETIEER
SEAMCABLTVELE LAY ET, RRERLVRESAETHAR - BEEEE KL LT2, HRHECHE. £8,
BLFRELEERELEIAT, BHFEMITHLLTHRERMBLET.
HEFHR X, K - NPO - BfF - Bitsth - RRIME - BALEOPARBRF LEARBEBREAR - Z— s HHEOH KR
BICOWTRETHIIHRTY.

REMNLBFHEEICOVLTIUTOWebY 1 FEISWLEE L

LREAFOEELEEIOVT - SREAXYT HREH
https://www.waseda.jp/inst/research/tlo/industrycollaboration

ZHEMAR - HRAARICEDLAIEMVWEbE%
BN EREXY BIt2— FARAXER
TEL:03-5286-8069 FAX:03-5286-9870 kenren-contract@list.waseda.jp

@ Collaboration

The world has not fully recovered from the recent financial crisis and is still suffering from its repercussions. In
such economic situation, one of the effective methods for companies to advance the research development
investment while suppressing the risk is to conduct joint researches with universities. GITI has actively promoted
joint researches and the funded researches with many companies.

@ Field

GITl is an expert group of specialists in information and telecommunication. Our research focuses on mainly tele-
communication technology/information network technology, designing and creation of digital contents and archive,
designing of network system and human interface to support the contents distribution, and so on.

Please refer to the following website for specific procedures.

Procedures — Research Activities, Waseda University
https:/www.waseda.jp/inst/research/en/tlo/procedures

Contact Please feel free to contact the following office in charge

Research Support Section, Administration and Technology Center for Science and Engineering
TEL : (81)3-5286-8069 FAX: (81)3-5286-9870

E-MAIL : kenren-contract@list.waseda.jp
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GITW 2022

Global Information and Telecommunication Workshop

December 17, 9:00 (JST) (Online Workshop)

Organizer: @

6 I T 1

WASEDA UNIVERSITY
Co-Organizers:

%1% GHAsis+y

Tsinghua University National Taiwan University

Participant Universities:

e University Malaysia Sabah e Beijing University of Technology

e Institut Teknologi Bandung *  Bangladesh University of Engineering
e Shanghai Jiao Tong University and Technology

e Thammasat University *  Royal University of Phnom Penh

»  Zhejiang University e The Arctic University of Norway

*  Peking University *  Institut Teknologi Sepuluh Nopember

https://www.waseda.jp/assoc-gitw2022/

10



WASEDA University
EEAAY

Global Information and Telecommunication Workshop

Shigeru SHIMAMOTO
WASEDA University
General Chair



< GITW 2024

GITW
Global Information and

Telecommunication Workshop

December 20" — 215, 2024
Tokyo, Japan (Hybrid)

Learn more at https://qgitw2024.w.waseda.jp/

CALL FOR PAPERS

The GITW is a global inter-university workshop on the latest ICT advances, offering students the chance
to present achievements and engage with universities worldwide. It also facilitates academic exchange
among faculty and promotes international research collaboration.

ASPIRE Session: The ASPIRE Project, supported by the Japan Science and Technology Agency (JST) is a
pioneering governmental research program that aims to foster international collaboration among top
researchers, nurturing and mobilizing future research leaders. At GITW, a joint session will be held with

ASPIRE partner universities from Norway, Canada, UK and Australia, in collaboration with Waseda
University.

Topics of Interest

The GITW2024 will address challenges with realizing ICT over various sectors including technology and applications. We
cordially invite original contributions in, but not limited to, the following areas:

+ Communications Software and Multimedia *  Next generation networking and future internet
¢+ loT and Sensor Networks * Computer Vision / Video and Image Recognition
*  Mobile & Wireless Networks e-Health
*  Optical Networks & Systems Big Data

*  Wireless Communications

* Machine Learning and Al

* Vehicular Cooperation and Control

*  Assisted and Autonomous Driving

+ Satellite, Airborne and Maritime Mobile Systems

P ion slides

Co-Organizers:

& HANYANG
UNIVERSITY
GP4 QUEEN'S
UNIVERSITY m
BELFAST MEMORIA
UNIVERSITY

Participant Universities:

Beijing University of Technology
Institut Teknologi Sepuluh Nopember
Institut Teknologi Bandung

Peking University
Shanghai Jiao Tong University
Thammasat University

Quantum Communications
Natural Language Processing
Information security and privacy
Image/Network Processing etc.
Digital Contents

61 T 1

WASHBA TNVERSTTY

National NTNU

Taiwan
¥ University

iversity of
elnology

S

2= UiT The Arctic
£ ¢ University of Norway

i
e

University Malaysia Sabah
Zhejiang University




GITW 2024 Registration
(Countries/Regions)

GITW 2024 Registered Countries/Regions

Country/Region Count 50
Japan
Indonesia
Australia
Korea
China
Taiwan
Bangladesh
UK

Canada
Norway
Thailand
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40,000 AGL

5,000 AGL

Ground to Air Air to Ground
(VDLM3) (VDLM3)

«FlS- * Turbulence Alerts
FIS-B Weather Products * Pilot Requests for

Weather Information

Turbulence Data < VDLM3 Ground Stations & Network

Collection Center Ground
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6G CANNOT BE
THE NEXT 5G

Fantastical use cases,

Misaligned stakeholder outcomes

6G

Big promises, little results Deliver a new standard of connectivity

Vendor-centric view of the world Build for stakeholder needs

Unimpressive economics Growth industry
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Geostationary Earth Satellites (GEO) ##1EEE

Orbital height: 35 800 km
O Orbital velocity: 3.07 km/s
Orbital period: 23h 56m 4.1s



Medium Earth Orbit (MEO) Satellites
PELERE

Inclined to the equator

Altitude: 5000 to 12000 km

New-ICO
Orbital height: 10 255 km
Orbital velocity: 4.89 km/s

Orbital period: Sh 55m 48.1s



GPS(Global Positioning
System)

Altitude 22,000km
55degree inclination

61 satellites lunched

29 satellites available
The first satellite in1978



Low Earth Orbit (LEO) Satellites
RELERE

Altitude: 500 to 1500 km

Iridium

Orbital height: 780 km
Orbital velocity: 7.56 km/s
Orbital period: 1h 40m 27.0s




Iridium (1997)

Afreon Payload o 1 ink
Antennas
Ka-band

“:- iridiunmy
Everywhere

Feeder link antennas
Ka-band

Deployed “Wingspan” 9.4m

Weight: approx. 860 kg  Stowed Dimensions: 3.1m % 2.4m x 1.5m
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A Global Message Network Employing Low
Earth-Orbiting Satellites

Jaidev Kaniyil, Jun Takei, Shigeru Shimamoto, Yoshikuni Onozato, Member, IEEE, Tomenori Usui,
Tkuo Oka, Senior Member, IEEE, and Tsutomu Kawabata

Abstract—A global message communication network for low
density traffic, employing satellites at low altitudes, is the sub-
ject of this paper. This network affords round the clock ser-
vice to any part of the globe, including the polar regions. Such
a network can accommodate static and mobile user terminals
slmnltaneuusly The oblate globe is modeled as a regular
poiyhedron with 12 faceis for seiting up the orbits. Satellites
are positioned uniformly in low-altitude symmetrical orbits.
The symmetrical orbits are those whose axes are symmetrical
in the three-dimensional space. We study the coverage aspects
of the 6-orbit scheme and the 10-orbit scheme, each with sat-
ellites deployed at an altitude of 5000 km. At this altitude, the
terrestrial user terminals can access satellites at a grazing angle
of 45°, The method of access over the cross-links is considered
to be the slotted ALOHA scheme. For low density traffic, the
down-link and up-link throughput rates are estimated. Simu-
lation results agree with these analytical estimates for low val-
ues of network offered load.

of redundancy in orbits at an altitude of about 300-400
nautical miles (instead of at the altitude of about 36 000
km mandatory for the geostationary orbit). Reference [4]
suggests that the pseudo random scheduling (PRS) can be
employed for the multiple access over the cross-link to

nhiava radn ma ga onl
achieve reduction in message collisions. Low-altitude sat-

ellite communication schemes [1]-{4] are immensely ap-
pealing to achieve a worldwide network that would pro-
vide service irrespective of the type of users (mobile
terminals—including air and sea borne navigational ones—
or static terminals) and service area (mountainous, city
premises with tall building structures, etc.), devoid of the
inherent drawbacks associated with geostationary satel-
lites; this provides the motivation for our study.

This paper proposes a global message network, the
nodes of which are a number of satellites orbiting the earth

Authorized licensed use limited to: WASEDAUNIVERSITY LIERﬁ?qngrﬂTifﬁjd)gdfnﬁﬁé‘fB% aﬂéﬁﬁw Lffgme\ Wﬁl&rﬁqmyﬁﬂ\ﬁ_app\y

1. INTRODUCTION
N almost all of the currently operational satellite com-

Amuiication networks, ihe satellites are placed in the
geostationary orbit. This scheme has a great advantage in
the nonrequirement of excessive control overhead of
tracking of the satellite. But, the high cost of placing the
satellite in the geostationary orbit, inability to extend ser-
vices to the polar regions, the necessity of high on-board
power, high gain of ground stations, high propagation de-
lay, etc. are some of the serious drawbacks when com-
pared to the advantages offered by the low earth-orbiting
satellites. Further, as intelligence can be made available
on-board, intricate satellite tracking and control by the
earth terminals can be done away with. Recent studies
[1]-[4] inspect some of the features of a global, low earth-
orbiting satellite network. Even though, conceptually, the

like the scheme specified in [3], the thrust in the design
of the network structure is removed from crisis surviv-
ability in favor of commercial viability. Further, the ori-
entation of satellite orbits of the proposed network is dif-
ferent from that of the Iridium system [2]; unlike the case
of polar orbits of the Iridium system, we consider sym-
metrical orbits over the oblate globe modeled as a regular
polyhedron (see [5]). Coverage aspects of two different
orbital arrangements, with various number of satellites in
each orbit, are studied. Proper tradeoff between the num-
ber of satellites deployed and the coverage achieved has
to be arrived at, as the stress in a global message network
shifts from survivability, which in [3], [4] is achieved by
a large degree of redundancy of resources, to commercial
feasibility by reducing and even removing the redundan-
cies. We do not address the real-time communication in

O T
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In the next section, the general organization of the net-
work is presented. First, the details on the geographical
segmentation and the satellite altitudes are given. After-
wards, the message paths and the access details are dis-
cussed. Two routing schemes—orbit-dependent and orbit-
independent ones—are considered. In Section III, analyt-
ical estimates of various performance measures are car-
ried out. The results of the simulation studies of the per-
formance measures are explained in Section IV. Our
concluding remarks are given in Section V.

II. ORGANIZATION OF THE NETWORK

In this section, we first describe the topology of the
network scheme. Next, the progress of a message through
the network is explained. Finally, a simplified on-board
p ing scheme is idered.

A. Network Topology

To afford a wider grazing angle, we assign a higher
altitude to the satellite orbits. This comparatively high al-
titude, when compared with the altitudes of systems in
[2]-[4], may entail in higher satellite on-board power and
higher electronic hardware cost. But, for a given measure
of coverage, the number of satellites is less in higher al-
titude orbits than in lower ones. We trade-off higher over-
heads corresponding to higher altitudes in favor of a wider
grazing angle and reduction in the number of satellites.
For the global network proposed, the grazing angle is 45°.
In comparison, the Iridium system [2] arranges the satel-
lites in polar orbits with respect to the grazing angle of
10-15°.

A regular polyhedron with 12 facets [5], which models
the oblate globe, is considered for setting up the orbit

419

Orbit 5

orbit 3

orbit 4

(b)

orbat 1

omit 2

orbit 0

Fig. 1. Symmetrical orbits (number of satellites is 30). (a) 10-orbit sys-
tem. (b) 6-orbit system.

this meodelifacilidates an i TY LIBRARY. D on

orbit arrangements (see [5]-[7]). This particular model
was selected against other polyhedrons with 4, 6, and 8
facets because the 12-facet polyhedron facilitates a higher
number of symmetrical orbits. The symmetrical orbits are
those whose axes are symmetrical in the three-dimen-
sional space. The symmetrical orbits, unlike the polar or-
bits, can avoid crowding of satellites at the polar regions
so that, for a given number of satellites, a higher degree
of coverage can be achieved. Fig. 1 shows two different
arrangements of symmetrical orbits of a system deploying
30 satellites uniformly distributed over the orbits: one is
the 10-orbit scheme (Fig. 1(a)], and the other is the 6-
orbit scheme [Fig. [(b)]. In both schemes, symmetrical
orbits are allocated satisfying the parameters of Table 1.
Fig. 1 also illustrates the typical i positions

June 24,5008 43:52:51 UTC from IEEE Xplore. Restrictions apply.

ORBITAL PARAMETERS: ALTITUDE OF ORRITS 1 5000 km (a) 10-OrpiT
SYSTEM (b) 6-ORBIT SYSTEM

of satellites in both schemes, the positions being denoted
by ® (satellites over the facets hidden from the view are
not shown in the figure). The oblate earth presents differ-
ent effects for the 10-orbit and the 6-orbit schemes. For
example, the nodal regression (the rotation of the orbital
plane), being a cosine function of the dip angle or incli-

Orbit Dip Angle of Orbit Right Ascension of Ascending Node
0 0° -
1 41.81° 0°
2 41.81° 120°
3 41.81° 240°
4 70.53° 37.76°
5 70.53° 82.24°
[ 70.53° 157.76°
7 70.53° 202.24°
8 70.53° 277.76°
9 70.53° 322.24°
(a)
Orbit Dip Angle of Orbit Right Ascension of Ascending Node
0 0° -
1 63.43° [Ug
2 63.43° 2°
3 63.43° 144°
4 63.43° 216°
5 63.43° 288°

(®)



@ low earth-orbiting satellite

® low earth-orbiting satellite in the message path

/ direction of transmission

Fig. 3. Orbit-independent routing.

@ low earth-orbiting satellite

Iow earth-orbiting satellite
in the message path

direction of transmission
ortitB

orbit A

Fig. 4. Orbit-dependent routing.

in the destination orbit, it is forwarded along the highway
until the message reaches that satellite (of the destination
orbit itself) which can down-load the message over the
down-link.

An illustrative example of typical orbit-indep

IEEE JOURNAL ON SELECTED AREAS IN COMMUNICATIONS, VOL. 10, NO. 2, FEBRUARY 1992

example, satellite 1 can access four satellites— numbered
2,5, 6, and 18—over its cross-links. By referring to Table
III, a satellite can determine whether a message access
over the cross-link is valid or not. This table was also
prepared for the static positioning of the satellites as de-
noted in Fig. 1(b) and thus there exists direct correspon-
dence between Tables II and III.

C. On-Board Processor

A simplified model of a basic scheme of the on-board
processing of a given satellite is shown in Fig. 5. For the
access of a to be successful ges should not
encounter collision and the on-board processor should
have buffer space available for storing the message. The

1y SSi enter the on-board pro-
cessor queue @,. The processor P, associated with @, de-
termines whether the access of the message is valid or not
by referring to the on-board tables. If the access is invalid
P, removes the message from the queue. If the access is
valid P, performs the error checking and routing func-
tions. The routing functions of P, involve routing the
cross-link oriented messages to the buffer Q. and the
down-link oriented messages over the down-link. The
p P., iated with Q,, t its the
in Q. over the cross-link channel. Fig. 5 indicates that the
access over the cross-link channel is according to the slot-
ted-ALOHA scheme. (In orbit-dependent routing
schemes, as discussed in Section II-B-3, collision-free
access can also be idered.) The itted
by P, are vulnerable to collision with messages transmit-
ted from any of the neighboring satellites. So, P, main-
tains the copy of the message it transmits for a predefined
time within which acknowledgment will be received by
it, if the t ission was 1. If acknowled,
is not received until the end of this period, the message
joins the queue at the end of the period. If acknowledg-
ment is received, the transmission process with respect to
the message is completed and the copy of the message is
erased; thereafter, the transmission process as described

routing related information made available on-board is
given in Table II. We consider that satellites numbering
30 ape.gistributedss G.orhitebRigwi@abATaleHondicuieAry.
part of the routing table when the satellites are numbered
(1,2, - - -, 30). Consider that the on-board processor of
satellite 1 accepts a message destined towards satellite 15.
From the routing table, the on-board processor identifies
that the message is to be transmitted to satellite 5 (corre-
sponding to the first row, 15th column) from the current
satellite (satellite 1). When satellite 5 receives this mes-
sage, it identifies from the routing table that the message
can be switched to satellite 15 directly. The actual size of
the routing table for the network under our consideration
would be of the size 30 X 30. This table was p d

above is d for the ge next in the queue.

II. APPROXIMATE THROUGHPUT ESTIMATES

!
aown\oaded on June 24‘%13%5 at 13:52:51 UTC from IEEE Xplore. Restrictions apply.
e

. Approximate Mo
As the satellites are in continuous motion in their or-
bits, the network topology is highly dynamic. Anyhow, a
small portion of the constellation can be assumed to be
static for a small period of time [3]. Fig. 6 represents a
typical quasi-stationary [3] arrangement of satellites, all
of which can access among themselves over the cross-
link. Like the satellite 0 in Fig. 6, any given satellite is
idered to have N, neighboring satellites which may
interfere over its cross-links. For Fig. 6, N. = 4. The
network i d is a h network with orbit-

with respect to the static positions of the satellites as de-
noted in Fig. 1(b).

Table I identifies the satellites to which a given sat-
ellite may switch transit messages over the cross-link. For

independent routing scheme.

We assume that the buffer @, is provided only to absorb
the transient fluctuations in traffic. The processor P, has
a high capacity so that, on average, there is no build-up of
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