US006088351A

United States Patent [ (1] Patent Number: 6,088,351
Jenkin et al. 451 Date of Patent: Jul. 11, 2000

[54] METHOD AND APPARATUS FOR [56] References Cited

ACCOMMODATING SIGNAL BLOCKAGE IN
SATELLITE MOBILE RADIO SYSTEMS U.S. PATENT DOCUMENTS
5,594,041 1/1997 DENL eovvvverereeeeereeeeererrseesreenn 370/310
[75] Inventors: Keith R. Jenkin, San Marco; Terrence 5,848,060 12/1998 DENt ..oooveeeveeveeisreerveeseesssinins 370/319
R. Smigla, Manhattan Beach, both of . .
Calif. Primary Examiner—Dang Ton
Attorney, Agent, or Firm—Michael S. Yatsko
[73] Assignee: TRW Inc., Redondo Beach, Calif. [57] ABSTRACT

[21] Appl. No.: 08/872,752 A digital audio radio system where multiple digital data
versions of a single source signal are transmitted to one or
[22] Filed: Jun. 11, 1997 more satellites to be rebroadcast to a defined reception area
L where the multiple versions are delayed with respect to each
Related U.S. Application Data other. One of the signals is intended to be used by a mobile
. L receiver if the transmission from the satellite is not blocked,
[63] fgo;lé1n11)1:ttloNn(—)1n§p§ét705f3a§)pl1cat1on No. 08/665,143, Jun. 14, and the other one or more versions are intended to be used
PoTT o T if the broadcast signal from the satellites is blocked. Because
[51] Imt. CL’ . HO4J 13/00 the multiple versions represent the same source signal that is
[52] U.S. Cl ooeeecccrccceneseeeseeecneeas 370/347 received at different times, if the signal from satellites is
[58] Field of Search ..., 370/347, 330,  blocked, the signal being received at a different time can be

370/310, 319, 329, 281, 311, 312, 314,
316, 320, 321, 332-337, 341-345, 441,
442, 503, 535, 537, 465; 342/352, 373;

455/13.3, 20, 428, 25, 427, 12.1, 63, 67.3,

69, 103; 375/296; 348/7, 12, 13; 379/219

(o))

118 120

Soft

Demodulator ———»

Decisions | Demultiplexer
(Operates on

Soft Decisions)

used. The signals that are to be used when the broadcast
signal is blocked can be of a lesser data quality to conserve
system resources.

58 Claims, 20 Drawing Sheets

Version 2 of
Source Signal
(Delayed Relative
to Version 1)

124

/

Bit-by-Bit In-Phase
P Addition of

Version 1 of
Source Signal v

Time
Alignment
Delay

Soft Decision

122

Combined Bit Detection/
Soft Decisions Decoding
126

— | Decompression —» Audio

128

Copy provided by USPTO from the PIRS Image Database on 07-25-2003



U.S. Patent Jul. 11, 2000 Sheet 1 of 20

16 12 10
A
Audio Pre- I o

1 Source Transmitter_':Transm'tter:

F - """ T o~ |1 A= T

: Post- I Audio
: Receiver :_> Receiver _>: Generator :
28
Figure 1

Copy provided by USPTO from the PIRS Image Database on 07-25-2003

6,088,351



U.S. Patent Jul. 11, 2000 Sheet 2 of 20 6,088,351

24 14 26
/ Data
i Frame
Audio Store Frame .
Samples Means [ 7| BYfer constructor] ~  [Transmitter

\ 7

Data 30
Frame
. Store Error
Receiver | —p Means — Checker —»| Buffer 12
38 40 ) Select Audio
Means Sample

Figure 2

Copy provided by USPTO from the PIRS Image Database on 07-25-2003



U.S. Patent Jul. 11, 2000 Sheet 3 of 20 6,088,351

52
L y
| Magnetic/Optical |
54 L _S_t(_)_rgg_e_ o
Bus /
CPU Memory Communication
Ports
46 48 50 T l
Audio Data
Samples Frame
Figure 3
54
Bus /
Communication
CPU Memory Ports
46 48 50 T l
Data Audio
Frame Sample
Figure 4

Copy provided by USPTO from the PIRS Image Database on 07-25-2003



6,088,351

Sheet 4 of 20

Jul. 11, 2000

U.S. Patent

G ainbi4
cl
/S
“Joyng 8y} wioj erep imnd, - (A)1081109 paalaoai ‘olpne ainjnd,
pakejep ay) WoJj J0 ‘Weal)s Sem awel) pue uasaid, yioq Buiney
BlEp JU8Sald, S} Jaylie WoJ) ur ejep |[e Ji 19S) saweyy, Jo pasudwod
elep [eubip sasn a1eb 4O ayL Uq MO swel S| Weals ejep ayL
H - e e e —
mw/ 0l
o 9
olpny
\/\ <+{0vd a d dyd;d,d,d, dydydy ey dyd,d,d,
L Juesald, \ 2amn4,
ve d S A e
—— 0z | !
d- _ olpny
g€ .
\ : av|eN\
oIpel §49sn mW\p/fl _ —
u1 Jayng . s _ 91
1915160y WIUS Sl b1 ]
>0 05 A\|6~m_mmm
e Hys
v 18)ng UOIIBIS PUNOIL)

Copy provided by USPTO from the PIRS Image Database on 07-25-2003



U.S. Patent Jul. 11, 2000 Sheet 5 of 20 6,088,351

30 60

—» | :F ' | Shift Register

At radio turn-on,
the buffer is
empty

(Note that the
Frame OK bits
are all zero.)

i /36

! y (60 sec. to Here)

62

X
WIS 1111
WU | 111
P P o P PP Fo o Fp i Fo o i i o @ I I | » [DAc

OO O RO E ORI | | v
A I\
....................... : R
| Out

The radio has just been turned on. Music can play The OR gate must use

immediately using “Present” samples. “Present” samples, since

no “Future” samples are

available yet.
28

Figure 6

Copy provided by USPTO from the PIRS Image Database on 07-25-2003



U.S. Patent Jul. 11, 2000 Sheet 6 of 20 6,088,351

30 60

—»|:F Shift Register
After about
30 sec., the

buffer is half full

Ce s EEsEEES

2Pt v (60 sec. to Here)
%,_/
62
L
X \
T N N @ ' [DAC
64 /\/
PR - R Audio
Out
_—>
The OR still cannot use
“Future” sample, since they
have not passed all the
way through the buffer
28
Figure 7

Copy provided by USPTO from the PIRS Image Database on 07-25-2003



U.S. Patent Jul. 11, 2000 Sheet 7 of 20 6,088,351

30 60

—» |:F Shift Register

The buffer is
now full. It has
been receiving
good samples
from the
spacecraft for at
least a minute
(no blockages
have occured).

e v (60 sec. to Here)
—
62
L

\

b e P e o P e e o e e o o Fp e Fo P i P P @ t |[DAC
64

J f

....................... . R Audio

Out

The OR gate has both
“Present” and delayed
“Future” samples available.
It will continue to use
“Present.”

Figure 8

Copy provided by USPTO from the PIRS Image Database on 07-25-2003



U.S. Patent Jul. 11, 2000 Sheet 8 of 20 6,088,351

30 60

—» | :F———= ——==—— | Shift Register

A blockage is ¢ (60 sec. to Here)
approaching. (Here
represented as eight

P
“frames.”) —‘
\ ]

Tttt M 2
v
Il CUDDELE Ly ’A\/
....................... R udio
_— Out
Data is completely lost during the blockage. 28
Figure 9

Copy provided by USPTO from the PIRS Image Database on 07-25-2003



U.S. Patent Jul. 11, 2000 Sheet 9 of 20 6,088,351

30 60

F Shift Register

The shift register
has begun to get
empty frames. (4
illustrated here.)

The blockage is about halfway . v (60 sec. to Here)
through. The radio continues music
play uninterrupted, as it uses

“Future” samples from the buffer. 62

N o ' L

PP o oo o o P o Fs oo Fofs b ” @ } |DAC
64
ni )\
" s s « = o 5 83 3 3 5 5 o " m o m m om = m®= . R Audio
_— QOut
The OR gate is using stored “Future” samples from 28

the buffer, since “Present” samples are missing.

Figure 10

Copy provided by USPTO from the PIRS Image Database on 07-25-2003



U.S. Patent Jul. 11, 2000 Sheet 10 of 20 6,088,351

30 60

F Shift Register

The blockage has passed, . . The last “Future”
but the buffer is not yet ot ) samples
replenished. - : continue to

. X migrate through
the buffer.

v (60 sec. to Here)

P
| S
62
L
\
e B e e i R e i i i e R o i iy @ » |DAC
64 /\/
s & = o momomomomomoa R’Audio
Out
_—
The OR gate continues to
use “Present” samples.
28
Figure 11

Copy provided by USPTO from the PIRS Image Database on 07-25-2003



U.S. Patent Jul. 11, 2000 Sheet 11 of 20 6,088,351

30 60

F Shift Register

The lost “Future” samples are
exiting the buffer. If a blockage
were to occur now, the radio
would not play music. (Double
synchronous blockage.)

Lost samples
exit the buffer.

‘ v (60 sec. to Here)

°p
—————
62
L
| X ‘
L N N ii e hhpiihhih b a ? |DAC
" 64
) .
....................... . R Audio
—_— > Out
Only “Present” samples are
available at this moment.
28
Figure 12

Copy provided by USPTO from the PIRS Image Database on 07-25-2003



6,088,351

Sheet 12 of 20

Jul. 11, 2000

U.S. Patent

€1 ainbig
‘sabey00|q papualxa
Buunp sjgeidasoe s| Ayjenb
paonpail Jl ‘leulwou uey) Jayealb
9,9 AJuo SI 8jel ejep mel 8y
9z Y cl
s e e s 5T Y,
mo N\ $9
olpny
\/\4o<n_ ﬁ n_n_un_n_n__ n__n_n_mn__an_n_n__
4 E| 4 4 E|
7 ]

‘ajdwes yyunoj Alans
auop s! uonejodiaju] "0 0} 19s S}ig 8 ‘o1uoydouowW 0} LEAUO)
ubly sy pue ‘sjpuueyd T pue Y yioq Juesald, Simng,

1o} pareoydal si sjdwes 11g-8 yoe] = T
k3 TG
8g uj
”n_ . _ opny
("eyep mei g9 piepuels — | (201D <« av A|\/\
jo o215 Kowew aur 9i/1) | [ =1 /L) _
‘yibua| au) ¢/} pue | [Fom™
‘apim slig 8 A|Uo sI Jeyng —— _
soysiboy yyg [——=d" | —— S\ L
<+—— 19)s168Y YIS
o¢ v
layng uoiels punoin

Copy provided by USPTO from the PIRS Image Database on 07-25-2003



6,088,351

Sheet 13 of 20

Jul. 11, 2000

U.S. Patent

1 aanbig
(sAejop swi} om}) s|dwexa
SIY} Ul [eulwou ueyy sajealb
%G'Z | SI 8jel Bjep mel eyl
8c d = ot
8 Ch e r e e Bl Y
no ¥9
olpny
\/&+o<n_ a d n__n_ d|d m_n_ n__ n__n_ n__n_ n__a n__n_ n__n_ a_
sl 1?1 Ist PP sl L ISt IPL Ist P
|
“
L Juasald, “
‘g|dwes yunoy Aleas
‘'spouad a|dwes-ino} JaA0 asn ‘s}iq g 0} 8yeduN}
auop s! uonejodisiu] "0 03 18S S 8 ‘s1uoydouow 0} yeAuo?)
UbIY S pue 'S|BUUEYD 7 PUE Y Uiod Juoesald, MOOS,, __,w._E:m:
1o} paredidal si s|dwes 1qg-g yoeg - S “__
= _
"BlEp Me) u——
(erep mes o prepuess | [ == 1| | “av|«"\
jo azis Alowaw ayy 9i/1) —"{" 005 _
‘yibus| ayy /L pue | Mo ¢ ”
‘@pIm S1Ig 8 AJuo sI Jayng u—— _
Jeisibey Hus 2 [ oining, b1 1
0e (30010 <+—— Jaysiboy WIys
/L) v lajjng uonels punoly)

uj
olpny

Copy provided by USPTO from the PIRS Image Database on 07-25-2003



6,088,351

Sheet 14 of 20

Jul. 11, 2000

U.S. Patent

8z
o N

olpny

\/\ ova

1

‘a1es g dwes sdsy-y¢ ay) dn eyew
0} so|dwes 08181s IIg-9| usamiaq ajejodiaiy|

‘pasn
s1 abe)s 18114 BY) WO}
o|dwes e asimIayl0
‘pasn si |l ‘poob s
o|dwes ,uoosg, ay; §|

abelg puooeg
le1sibay yys

d

== ==

m-

(01D 2/1)

[0

‘'spolad ajdwes-inoy} 1eAo suop si uoiejodiaiu|
‘0 0}1es siq 8 ybiy ayj pue ‘sfpuueyd
pue Y yioq Joj pareaidal si sidwes 1g-g yoe]

"1aynq ayl ui paode|d si (sQ) \lwl,

Gl ainbig4

dd 0L

«U00S,, o}

ajdwes ||nu e uay) ‘peq si S: (
aidwes aining ayr | leynq | L | V1R0ID
ebes a1y oy ui peceyd o | = ¥/)
se|dwes ouow }g-g ,84nin4, .l
obers 1) 2inind,

1918169y HIYS 0¢

v

‘(91/g2 10 ‘pouad yunoy Aians sidwes
ouowi }ig-g a|buis e pue ‘pouad Jayjo Alons
sidwes 08191S 11g-9} eJIX8 Uy) a|dwexs sy} ul

[eulou uey) Jajeaib 9,96 si ajel eyep mel oy

cl
S
4% ,._wq_ 4% amm_ a%y n_mn__
4 E| 4
‘gjdwies yunoj
‘gdwes| | Alons asn ‘syq
0al9]s g8 0} ajeounu}
Hg-91 J8yjo ‘oluoydouoctu
Aans asn 0] LBAUOD
ussald, M00S, £Inn4,
d S 4
| u
_ olpny
av e\
4 _ 1

<+—— Jo18ibeYy Yus

g lajjng uonels punolL

Copy provided by USPTO from the PIRS Image Database on 07-25-2003



U.S. Patent Jul. 11, 2000 Sheet 15 of 20 6,088,351

74 76 78 70
Modulator at
> Compression»Delay 1 Frequency 80
No. 1
Modul Broadcast
odulator at Signal
: Trans- igna
Source __—> Compression{H»{Delay 21 Fr?\jq:e;cy mitter
Data i
Modulator at
—»|Compression»Delay nH» Frequency
No.n
Transmitter System
Figure 16
90 92 94 86
—» Compression»{Delay 1 96
Spreading Broadcast
_ Code No. 1 Modulator/| |signal
Source __—b Compression»{Delay 2 Trrwﬁ?;r—
Data Spreading
. . Code No. 2
88 98
¥ Compression»{Delay n
Spreading
Transmitter System Code No. n
Figure 17

Copy provided by USPTO from the PIRS Image Database on 07-25-2003



U.S. Patent Jul. 11, 2000 Sheet 16 of 20 6,088,351
100 104 106 108
; . «| Modulator/ .~ RCHP
l——VCompresswn »| Delay 1 —» Transmitter r> Antenna
Source 110
Data ‘
. .| Modulator/ LCHP
1o Compression|—»{ Delay 2 —» Transmitter >5 Antenna
112
Transmitter System
Figure 18
116
118 120 Version 2 of 124

Source Signal

Soft (Delayed Relative
Decisions | Demultiplexer | to Version 1) Bit-by-Bit In-Phase
Demodulator ———»| (Operates on » Addition of
Soft Decisions) Soft Decision
Version 1 of
Source Signal v
Time
Alignment
Delay
122
Combined Bit Detection/ ; ;
Soft Decisions Decoding Decompression Audio
126 128
Figure 19

Copy provided by USPTO from the PIRS Image Database on 07-25-2003



6,088,351

Sheet 17 of 20

Jul. 11, 2000

U.S. Patent

02 aanbig
18A1908Y 9|IqON
e 00sG| |e{ Jopooeq |elionesjBuieq e
961
elRQ e 00s 0l |e{ Jopooeq |e{lonespBuiele-
92In0g uoissaidwoos( |« 100185 Xxnwa( fe{powaq
awel
paiencosy ] 29sc |e] i8pooeg |e{ivnessiuiogie »
891
091
] 2050 |e{ Jopooeg |«
Z — Z
8¢l 991 12278 g9l 861 val
fejeq WasAg Jsniwsuel |
¢ loneojoju] |e{ J1opooug |eq 08S 0 uolssaldwo) fe—
orvi
¢ J1oneopoju| |e{ Jopooug |e4 o8s g |e{uoissaidwor) e
lojiwsuel | _mwnw_%wuz_\,_ || erea
/lo1e|Inpony al ISING 20IN0S
SWIL g 1oneapa |€] iopoouz |ed dos oL le]uoisseidwon e
csl
1214}
< Jopoouy |4 o0s G| |e{uoissaidwon e
—_— g€l 0Gl ¢/ 4} 144" crl
vElL

Copy provided by USPTO from the PIRS Image Database on 07-25-2003



6,088,351

Sheet 18 of 20

Jul. 11, 2000

U.S. Patent

Ig @inbig
olpey Jep 1oyng |l 1opooaq |¢{1aneapaiuieg 902
- coc Z 'ON
. Xnwed « sorenpowaq [
] 1oung | 1op00eq |¢]ioreaaieg 861
uoisioaq Jos
oIpny < uoissedwosaq f« %mwm o Mcw_m_MMM%om / ﬂ_now ) /sH0 8 X 8rey  SdsW AN ¢
4 J 089S Q£ 010 ur Q% 9G¢ 01 v9 uoISIvaq HOS cgvolge <
9k ] J91ing | 18pooaq |e]ioneapioiuieg e sdgi '8
" P 019'G | "ON
piz ziz 0z s 802 XNWed |« Joremnpowea|€
] 181ng |4 19pooeq |¢]ioneapaiuiag)e] roe 002
9/1
UoIe]S punolL) —
€« |ioneojioiu| | 1opoou3 |¢{NLje{uoissaidwon —_—
N : gvf WOd 22
S — |puueyD
sdan '8 AIn5>mm__mE_ L 12poou3 | | L fe@{uoissaidwo)
. aui 19 -
019G .
: sdgy 952 .
L "ON +ON 0} ¥9 ° .
— ¢ oHlwsuel ] [« &——1oneajon| ¢ 1opoouT |¢{ N1 je{uoissaidwo)
allj|jareg XN A.4 eleq
JioreInpow -
a|qeinbiyuon . AWOd e
cbl 061 S — L [uuUBYyD
& {1onespoiu| [ Jopooug 11 fe]uoissaidwon
: 98! -
0
¢ oN Lm:_NEwr_,__S 1
ayl||e1es il : Rl lg————1/9AE3LI9U| ¢ 18P0O2U] A-m‘ Co_wmw._QEOO
) /i01e[Npojy SXNW Wog " eleg
961" SUSW| 4y 0} s800 . — Nod |
cy8e } ON AImE J1anesaiu) | 1epoouz E uotssaidwor) IoHKEHO
174 88l 2 ON 12’1 28l 08!} 8/1
773

Copy provided by USPTO from the PIRS Image Database on 07-25-2003



6,088,351

Sheet 19 of 20

Jul. 11, 2000

U.S. Patent

no
olpny

\/\+o<o a

1 Juasaid,

‘spouad a|dwes-ino} Jano

auop si uonejodiaiu] "0 0119s S}Iq 8
ubiy syy pue ‘sjpuueyd T pue Y yioq
1o} pejeondal si 9jdwes 1g-g yoeg

Ing

In_

("eyep mes QO piepuels
Jo 9zIs AlowaWw a8y} 91/1)

‘yibus| 8y} /| pue
‘apIm s}q 8 A|uo s! Jeyng

)

smsibey yys | ——3"

:Coownq

—

%0010
/1)

me_ 3“3&3

gz ainbiy

‘(sAejop swi omy) aidwexa
SIY} Ul JeulLIOu Uey} Jajealb
%SG'C| Sl 8lel ejep mel ayl

v

n__a n__n_ n__n_ n__a a_n_ d

s| Pl Ist Fl Is] P
|
_
|
|
|
“
‘gdwes yunoj Alone
asn ‘sjiq g O} sjeounu)
‘oiuoydouow 0} UaAuoD
Juasaid, Lo0s, | aimng,
d S 4
_ u
_ olpny
av]eN\,
s

<+«— 19181B8y Yys
layng uolje}s punoly)

Copy provided by USPTO from the PIRS Image Database on 07-25-2003



6,088,351

Sheet 20 of 20

Jul. 11, 2000

U.S. Patent

€2 aInbig
"DV 9y1 01 Juss si a|dwes (pejeadal 10) ||Nu e (weabeiq %ool9)
‘peq ale yioq Jl INq ‘pajos|as si ajdwes jussald A2 ajdwex3 21607 pajesipag
penlwsLeIBId 8y} UsY) ‘JoU §| 'Pe1dd|as (-o19/0uD/ANIEd) —ZH) vy
St YO S! 8|dwes Jussald awi-|eal auy J awel4 yoes o} beyy
HOZH Py \ L0 ZHM b YO ubisse ‘Auenb isa. [« (xnW) o
X ) . — ZH) vy
\/\ « ova je{ Ho Jussald, Bely 3O ZH) by Alona %000 "Uim
UM Sewel > SawWel} pling 0} sayoe
InQ oipny v9 (yuesaid e N
penjwsueldid)
(sppe/syiys/sayore) (xnw3a) -adwies
‘a1el s|dwes sdsy 17 aul "sallel{ Woij “(yoo[o Yunoj Alene
dn 8yew 0} sa|dwes 0818} eseld ‘ucog ‘euning Urew yunoy asn ‘si1q 8
19-9| usamieq ajejodialu| yoedun 0} seyoje] adwes | ™Mo010 A1ane “ynsel 01 ajeouny]
(ussaly o) 4 + oasois | urew g g 91buIS) | ‘guoydouow
¥ 5 doi JUasald SNUIW Uoog N9 ZHY v ug-gy | fewo ‘Ajuo 0} HaALOD)
J8181bay HIYs ul wm_QENm >Q A@m_w MO < JETIN ISEYY:) ®~>D MO| 8sn
+ S|QUUBYD NG-O} OM}) BpIM (g/1) QU fiono | @sn ‘(1 b1 wys) _—
suq ¢ :Aewe 1ois1bal JUS |10 ZHY 22 asn | w0 2/ ‘ppe ‘yoreT Alx_ (/1)
A + A
‘pasn si abels 1541} 8Y) WOJ}
a|dwes e asimIBLIO "pasn sI YO Jussaid, JLo0s, | AP ZHM e sumng,,
1 ‘poob s| aidwes U00S,, ay) §| (2r1)
U0o0g,
(sppe/syius/seyoie) Keop
‘spouad sjdwes om)] 19A0 auop S| uone|odialu] oW} 1UaSald -Kejep auwil} Uo0S
"0 01 18 suq g ybly ey} pue ‘s|puuByd 7 SNUIL UOOS Ul snujw 8Jning uj ui
pue Y uiog Joj pajeolidal s1 ojdwes §g-g yoes _ ! . _ olpny

+

(uoog o) iasibay WUg uoog snuIwl |g (/1)
. alning ul ssjdwes AR ZHM LI
Jeynq ebeisisiy o | gnim gy 6 Aese
ul paoe(d ale sajdwes ' hw.uw_me wus e
ouow ¥g-g 2Inin4,, _ _ Blning,

JoAI999Y

Amuenb sidwes Ag
‘(yoee suq 91 Jo
S|auuUBYD 08198 2)
apIm suq gg Aeue
lais1bal Yiys

Amuenb sjdwes Aq
‘(yoea syq 9| Jo

apIm suq gg :Aeue
Jasibal Ylys

ccwmm_n_os
leisibey Yus

AP ZHY vy

Jajsiboy us
12 ZHY v

(uoog 03) a

Jepwsues)

4 sjouueyo os9)s g) [€ E \/\

AR ZHA by

Copy provided by USPTO from the PIRS Image Database on 07-25-2003



Copy provided by USPTO from the PIRS Image Database on 07-25-2003



Copy provided by USPTO from the PIRS Image Database on 07-25-2003



Copy provided by USPTO from the PIRS Image Database on 07-25-2003



Copy provided by USPTO from the PIRS Image Database on 07-25-2003



Copy provided by USPTO from the PIRS Image Database on 07-25-2003



Copy provided by USPTO from the PIRS Image Database on 07-25-2003



Copy provided by USPTO from the PIRS Image Database on 07-25-2003



Copy provided by USPTO from the PIRS Image Database on 07-25-2003



Copy provided by USPTO from the PIRS Image Database on 07-25-2003



Copy provided by USPTO from the PIRS Image Database on 07-25-2003



Copy provided by USPTO from the PIRS Image Database on 07-25-2003



