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Abstract

  A  novel  scheme  is proposed and  demonstrated where

satellite  visibility viewed  from running  vehicle  is economi-
cally  and  effectively  evaluated  with such  low  cost  GPS  re-

ceivers  1ike equipped  in automobiles.  Our preliminary ex-

perlrnent articulated even  economical  L1 CZA  1.5GHz GPS
receivers  can  create enough  precise database of  ground fea-
ture blockage, compared  to fisheye photograph method,  if
only  two  statistical  pararneters the author  proposed  are  2.
adequately  set. lntegrating the series  of  our  effbrts'on  this
research  field the author  also  concluded  it is feasible to
develop an  automatic  database creation  system  by the co-
operation  of  the govemmt  and  the civil with low cost

GPS  receivers. With this datahase, the cornmunication  sat-

ellite's visibility to a  running  vehicle  can  be predicted. Sat-
ellites visibility chart  against  time can  be drawn as well. As
the chart  reflects  the status  qvo  including the traffic jams
and  signal  blockage correctly, seheduling  strategy designers
can  make  a  precise judge to decide the best schedriling  pol-
icy. This scheme  can  also be meaningfhlly  takeri advantage
of  as  a test:bed to examine  the effectiveness  of  a  resourtie

reservation  mechanisrn  for such  a  prioritized vehicle  liiee an

emergency  vehicle  in near  future's Land  Vehicle Satellite
Communicationsociety
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1. INTRODUCTION

 Lately. one  of  high elevation  satellite  systems  for land
mobile  satellite  communications,  QZSS (QuasirZenith Sat-
ellite  System), has been discussed. QZSS uses  inclined geo-
stationary  orbits. When  observed  from an  adequate  service

area  such  1ike middle latitude areas, a  satellite of  QZSS
traces a 

"figure

 of  eighe'  pattern in the sky  and  ptovides
elevation  angle  s as  high as  70 degrees or  more  for eight
bours a day. Thus. wheri three or more  satellites are placed
in adeqvate  orbits,  minirnum  elevation  angle  of  as  high as

70 degrees or  more  are  available  continuously.  In this
background it comes  to be important to comprehend  and

evaluate  the status quo of  blocking by ground features such

1ike buildings or  mountains  while  vehicles  drive on  actual

roads.  However  there was  no  adeqgate  method  to realize  the

dernand in cost  effective and  simple  way.

METHODOLOGY  - BLOCKAGE  ASPECT  -

 A  simple  method  is introduced to evaluate  the satellite

visibility at the sky  above  vehicles  moving  in real roads. A
GPS  receiver  with a  recorder  on  the vehicle  colleets  the

sigrial  strerigth  data of  each  GPS  sate11ite  with  elevation

angle  of  more  than O degrees, It also  collects  the azirnuth
and  elevation  angles  of  the GPS  satellites.  After oollecting
the data, the piejected area  in the sky  is estirnated  in which
the probability of  signal  blo( king is less than a  certain  ratio

for the entiTe evaluation  period using  a reasonable  threshold
for the sigrial strength.

West

Nerth
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East

Fig. 1 An  exarnple  ofGPS  sate11ite  constellations  viewed

fromTokyo

 The characterishcs  of  the GPS  antenna  and  the GPS  re-

ceiver  used  in this experirnent  are deseribed below. This is
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one  of  ve
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 common  specifications  forcivil use GPS  appa-tion  and  azimuth  as a result of  positioning calculations.

2.4 Catibration of  Signal Strength output  value

2.1 Antenna  Specifications

Anterma  sp
Typei

SerISitivity:

Size:Weight:

ecifications  in our  experirnent  are  as  follows:

   Micro-stripped Plane Antenna

   Righi-handedcircularpolarization,

   -130dBm

   54(w) x15.5  (H) x58  (D) mm
   O.12kg

2.2 Receiver Specifications

  The speci

as,fo11ows:

  Type:

fications of  GPS

Channel:

Positioning:

Frequency:
Outpat Period:

recelver  m  our  expenment  are

Outpat;Latitude,Longitude.H

Weight:

L1, CLA  code

GPS  Staridard Positioning Service
8 channels

Parallel positioning (max 8 satellites)

157S.42MHz  al-band)
1 second

         eiglrt,

GPS  Time, Ori(intation of  Vehicle,

Satellite ID, Elevation,

Azimuth, Signal strength
O.55kg
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  A  prelirninary calibration  was  carried  otrt on  output  value

of  signal  strength  by using  GPS  sigrial  simulator  used

along  with  the GPS  arrtenna  and  receiver  described above.

  The oorTespendence  between the receivers'  s output  value

and  absolute  power  level right  after  3dBi  GPS  anterma  is

sbown  in Fig.2. The horizontal axis  is the unit  which  is spe-
cific to the apparatus  model.  The vertical axis  is the esti-
mated  power level right after  3dBi GPS  antenna.  The con-

version  formula from relative  value  to absolute  value  was

ereated  in this process. in Ftg.2, the upper  curve  is data with
two  extension  cables  and  the iower curve  is data with no

extension  cables.  GPS  signal  strength's  dependency on

GPS  satelihe  elevation,  which  is shown  in Fig,3, is also

considered  and  properly correoted.

 -127.eEngv

 .12S.OE\

 .12y.oli

 -IJe.o
                    Elevdien  mp  (deS)

Fig. 3 Minlrnum  power of  the  near-ground

signa1  as  a  function of  satellite  elevation

12345`7 9

2.5 Coordinate in Sky Hemisphere

user-receivedLl

  in this study,  when  seveTal  sate11ite  signal  data are  irrte-

grated together as  sarnpling  values  for a  cettain  orieritatio4

the orientation is virtually  considered  not  as  a point bat as a

small  circle.  Its center  is one  of  cross  points determined by
5 degree increment in azimuth  and  5 degree increrneni in
elevation. The  length of  its radius is supposed  to always
have the angle  distance of  5 degrees, The angle  distance
between two orientations,  (rp1, el) and  (rp2, e2) in bori-
zontal  coordinate  (azimuth, eievation), is generally obtained

from the fo11owing forrnula:
acos{  cos(el)･cos(e2).  

･cos(rp1-rp2)+sin(el)･sin(e2)}

Fig.2 Calibration of  signal  strength  output

2.6 Ratio of  Inevitable Lock  off  due  to Receiyer  Nature

2.3 Output ofthe  Reeeiyer

  SPS (Standard Positioning Service) Ll-band  GPS  an-

tenna and  receiver  are used.  Latitude, longitude, altitude.

GPS  time and  orientation  of  the vehicle  are  recorded  every

second  as  well  as  GPS  satellites'  ID, signal  strength.  eleva-

  As  our  experiment  uses  an  ordinary  GPS  L1 receiver  not

for dedicated purpose but for common  use, the spontaneous
look off  is a  natura1  phenomenon,  The  ratio  was  measured

that the power was  less than the expected  minimum  power
(-130dBm) with  the path between the satellite and  the re-
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oeiver  oompletely  clear  (shown as  
"`Satellite

 in Visible
State"). [Ehe ratio, C was  estimated  as about  O.158 by the

prelirninary expeiiment  as  shown  in Fig, 4. ,

2.7 Two  Threshold Pa rameters

 Based on  the consideration  deseribecl al)ove. the two
threchold parameters are used  to process the rnany  data on
GPS  sigrtal strength. Orte threshold parameter is -130 dBm.
The other  threshold parameter is the accumulated  frequency
ofO.158.  Ifl at  an  orientatioq  the accumulated  frequency at

the signal  stTength  of  -130dBm  is at  or  less tlvan O.158 
,
 the

orientation  was  considered  to be visible.
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  A  novel  scheme  is proposed and  demonstrated where
satellite  visibility  viewed  from running  vehicle  is economi-
oally and  effectively evaluated  with such  low cost  GPS  re-

ceivers  1ike ecluirrped in antoinobiles. Our prelirninary ex-

peTimerrt articulated even  economical  L1 CtA  1,5GHz GPS
receivers  can  create  enough  precise database ofground  fea-

ture bloekage, compared  to fisheye photograph rnethoa  if
only  two  statistiea1  parameters the author  prvposed are

adequately  set. lntegrating the series  of  our  effbrts  on  this
research  field, the author  also  it is feasible to develop an
alrtomatic  datahase creation  system  by the cooperation  of

the govemment  and  the civi1  with  low cost  GPS  receivers,

3 METHODOL(}GY-scHEDULINGASPECT-

 Once the blockage database is built, we  can  build various
usefu1  applications,  including scheduling  aids, as fo11ows.

3.1 Visibi]ity in the Sky at a  Point

  The  blockage database can  provide the infbrmation of
communication  path existence  in the unfured  form of  the
azlmuth  elevation  coordination  at the sky  heniisphere above

ut

a  ground  point on  a  certain  road.  Blockage  is a  result  of

principle of  superposition.  It is eased  by many  obstacles.

Those ineludes buildings, mountains,  ovethead  Toads  and

railways,  any  of  three dmensiomal public display inoluding
billboard and  public art  and  foliago. Unexpected  object  sueh

1ike ta11 tracks at the adjacent  lane in trarao jams is one  of

essential element  of  blockage. If the road  is near  a airport,

airplane  to take  off  and  touch  down  can  not  be neglected  as

well.  Tlie evaluation  of  the status  quo of  such  blockage can
not be executed  by simple  simulation  based on  some  layers
on  a  geographical infbrmation system. ln this context,  this
blockage archive  created  by our  method  comes  to be very
important because the archive  can  reconciles  all objects'

effects  matually.  The  easiness  to ereate this kind of  archive

on  GPS  signal  strength  hasa latent strength  to open  the
door for the futureorierrted 

"skyward

 path resource  man-

agemeni"  govemnce, including functions suoh  like auto-
matic  detection system  of  illego1 constructions,  in coopera-

tion with the civil GPS  reeeivers  on  their vehicles.

ntt th

nv

Fig. 5 Irnages ofVisibility  in the Sky by GPS  data

32 Visibility Chsrt  against  Time

"

   Once  the  blockage database based on  the GPS  sigrial

strerigth  is built, the communication  sate11ite's  visibility  to a

running  vehie!e  comes  to be adecpiately predicted. It is
achieved  by combining  this blockage database as a layer
with the satellite  layer, whioh  repTesents  the behavior of
satellites  based on  those orbital  elements,  and  the vehicle
layer, which  deseribes the vehicle's  route  log on  the ground
or  antieipates  the vehicle's  trace based on  the route  guid-
ance.  In this frarnework, a novel  and  effective scheduling,

aid  tool based on  the bloekage database is establislied,  Us-
ing this, satellites visibility chart against  time is drawn. This
chart reflects the status  quo of  the blockage which  vehicles

really encounter  in real  road  environrnents,  inclucling efi

fects of  traencjams and  go-stop and  tall tacks  next  lane as
well  as  usual  buildings and  mountains  as  described above.
The GPS  sigr!al  blockage archive  is refiecting  so  cerrectly

those all  phenomena that seheduling  designers can  relay  the
prediction of  the blockage and  make  a adequate decision on
the realistic scheduling  policy whioh  would  inost  suitable  to
a eertain cirvtmce  in a  real  road.

   [Ihe blockage database is to be used  for the real  time

prediction of  visibility  state transition between a satellite
and  a  vehicle.  It enables  us  to make  a real time handover.'
This practical feature is one  of  the most  important aspects
this blockage datahase scheme  originally contains.
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3.3 Visibility Duration  Histogram 5 CONCLUSION

  This blockage database has the additional  feature which

allows  us  to make  exteridable  studies on  a  durability of  ve-

hicle sate11ite  commmication  link. It is reflecting  a  speci-

fied road  ciicumstance  including the effbcts  of  the traffic

jams. go-stop and  tall tracks on  adjacent  lane as well  as

high-rise building and  all other  ground  and  airborne  fea-
tures. Such  a  feature 1ike this histogram duration study  eri-

ables  us to analyze  effective vehicle  sate11ite communica-

tions system just before the real  launch of  real  satellite

whieh  costs  vastly.
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   in this framework, it should  be notable  that it is easily

achieved  to reconcile  the real  vehicle  rnovernent  with  the
real  electromagnetic  wave  propagation. It should  be noted

also  that the histogram studies  open  the new  region  on  fit-
ting parameter analysis, which  searches  the hidden Parame-
ter in the vehicular  satellite comrriunications  in a city and  an

urban  area  for the first tirne. These parameters are  supposed

to be related to the city parameters such  1ike the mean

building height, the average  road  widrh,  the seriousness  of

traffic jams of  the city.  This blockage database framework
emables  us  to exploTe  novel  antioipations  and  confirmations

of  visible duration histogram fittings in other  cities and  sat-

ellite  orbits  in a  cost-effeetive  way  for the first time.

4 FUTUREWORK

 As  to data transfer, standardization  is required  to the co-
operation  of  the civil and  govemment Further comparative
studies  using  this blockage archive  is planned to explore  the

parameuic  studies of  the link dnration histogram between  a

satellite  and  a  vehicle  in a  real  environment  such  1ike cities
and  mountain  aieas,  includmg  areas  in south  hemispheres.

Further fisheye photograph comparisons  are  also  planned,

 A  novel  scheme  is proposed and  demonstrated where

satellite visibility viewed  from running  vehicle  is economi-
cally  and  effectively  evaluated  with such  low cost  GPS  re-

ceivers  1ike equipped  in automobiles,  Our preliminary ex-

periment aniculated  everi  eeonomical  L1  CZA  1.5GHz  GPS

receivers  can  create  enougli  precise database of  ground  fea-
ture blockage, compared  to fisheye photograph method,  if

only  two statislcal  pararneters the author  propesed are

adequately  set. lntegrating the series  of  our  effbrts  on  this
research'  field, the author  also  concluded  it is feasible to
develop an  automatic  database creation  system by  the co-

operation  of  the government and  the civi1  with  low  oost

GPS  receivers. With this database, the cornmunication  sat-

ellite's  visibility  to a  running  vehicle  can  be predicted. Sat-

ellites  visibility chart  against  time  can  be drawn  as  well.  As

the ehart refiects the status qpo including the traffic jams
and  signal  blockage correctly,  scheduling  strategy  desigriers
can  make  a  precise judge to decide the best scheduling  pe1-
icy. This scheme  can  also  be meaningfully  taken advantage
of  as  a  test-bod  to examine  the  effectiveness  of  a  resource

reservation  mechanism  for such  a  prioritized vehicle  1ike an
ernergency  vehicle  in near  fiiture's Land  Vehicle Satellite
Communicationsociety

References
Miyata H., Takahashi M.  et  al., (1998) DyTLamlc Schbch:1ing Algo-

  rithms  of  Rcal-Timc Signal Proocssing ort Ring-Based Multiprooessor

  Systems, in: Jbzamal of 1nji)nimtien Ptecessing Sbci'ety ofvlalxin,
  Vol.39No.7
Takahashi, M., et  af. (1998). An  Evaluation Method  on  Pbth Ratio to

  High-ElcvatiorL Sate11ites using  GPS  Signals. in: IEICE  Generul  Con-
  ]brence hoceedlngs. B-3-29, Keio Univ., 1998
Talahashi, M., et al. (1999a) A  New  Methocl to Evaluale Blocling

  Probabilit)J on  High Elevatiort Sate11ites Viewed  from Land  Vchicles,

  in: Proceedings of  IEEE  49th  international Vehicutar Technology

  Conference, p.p. 170 -174 
,
 Huston, United States

TakahashL M., et  aL  (1999b). An  effeetive  method  to evaluste  intermittent

  btocking on  land vehicle  satellite  communicstions,  in: Ptvceedings of
  JEEE  50th interuational Vlehieular fechnelqgy  thnjlenencc.

  pp.273S-2739,Amsterdarn,Netherlands
TakalLashL M. (200ea), A  Novel Evaluatiom Method  of  Blockage  by

  Ground  Feanires on  land vehicle  sstelEte eommunications,  in: Pro-

  ceedings  of EEE  51st internatienal Plahicular fecimolagy Conjbr-
  ence,  Tokyo, pp, l810-1814
TakahashL M., et aE., (2000b). A  new  evalustion  method  of  intermittent

  blockage on  land mobile  salcllitc  comm.,  in: Proceedings of thtro-
  pean 4pace Agenay  Millennitmt Cbnf  on  Antennas tvid  rvc\ngntien,

  Davos.Switzerland
Takahashi, M.  (2e03). Geographical Pstterns ot  Satellites Visibility viewed

  ffom Running  Vehicle, in: Proceedings ofAmericun inst. Aeronautics

  and  Astr(mautics 2ist intem, Cenunzmications thtelfite optstems Cbn-

  forence and  Erhibit. (AIAA 21st ICSSCX  Yckahama
Takaliashi. M.  (2006a). Veiiiele and  Sste11ite interactivity. in: R,oeeedingu

  eftltnericatihistituteAerenauticsandAstrona#tics24thintenvatienal
  Communications , thteltite bystems Conjlerence and  E ±hibit,
  MAA-2006-5444,  pp.1241-124j (AIAA 24th ICSSC>  San D;ego,

  United States (to be  appeared)

Tal[ahashi, M  (2006b). A  Ncrvcl Analysis Framework  efVehicular  Sate1-

  1he interactivity with GPS,  in: Proceedings oftEEE 64th interna-
  tional Ulehictttdr 1lechnotogy CenjUrence. (IEEE 64th VTCX

  pp.1 103-1107. MontTea1. Canada  (to be appeared)

57


