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Abstract The increasing growth of remote sensing data and geoscience research pushes earth sciences
strongly and poses great challenges to data infrastructures for remote sensing big data, including the
collection, storage, management, analysis and delivery. The de-fact remote sensing data
infrastructures become bottleneck of the workflows for remote sensing data analysis because of their
capability, scalability and performance. In this paper, data infrastructures for remote sensing big data
are catalogued into 6 classes based on the features such as basic service unit, distributivity,
heterogeneous, space-time continuation and on-demand processing. Then, architectures are designed
for all the 6 classes of data infrastructures, and some implementation technologies such as data
collection and integration, data storage and management, data service interface, and on-demand data
processing, are discussed. With the architecture designs and implementation technologies, data
infrastructures for remote sensing big data will provide PaaS (platform-as-a-service) and SaaS
(software-as-a-service) services for developing much more remote sensing data analysis applications.
With continuously growing data, tools and libraries in the infrastructures, users can easily develop
analysis models to process remote sensing big data, create new applications based on these models,

and exchange their knowledge each other by sharing models.

Key words data infrastructure; remote sensing big data; on-demand processing; data integration;

data management
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Fig. 6 Architecture for data infrastructures in class V
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AN ) L BRI 1) 45 5 R0 O A — A A ) (1 454

J& B 2514 : String query(String request) ;

PeIR2E W String getDescriptions (String queryID,
int size);

F 2] : void closeQuery(String queryID).

TE 3% SE TT B A 4R AE B, query $E W — 1> &
WS AFF AT R request , BT XA A5 ) 25 17 JR 38—
AN RS AS  FRORE AR 1 Y 1D AR S e 7 Sz BV 18] 25 FH
FrA ) R S B Bh G . get Descri ptions f# X A4 1)
ID 15 240, L XML 8 14 98 2 52 B0 2 45 1 1
“F size DICEUET BB A T B E A IR
FZ A closeQuery A 1] M 11

query B request i XML #% 20 2H 2L iR
Blin—"AHIF 4 Landsat? T A ETM A4 B B
FALHHX (115, °E~117. 4°E, 39. 4°N~41. 6°N) |
KAET 2010 4R )5 10d B9 R 24 N1 7 TR,

WK 7 s . B8 request EEALFE 3 85
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PF R A&7 B AND,OR F1 NOT 4§
B IE S R AL B A R TE A 2
SRS 2% ) A 3R 26 7 LA 2 P 2 R4 Y £
K.

(7 xml version="1. 0" encoding="UTF-8"?)
{requesty
{condition relation="AND">
{condition)
Coperator) EQ{/operator)
(attr)SENSOR_ID{/attr)
(value) ETM+(/value)
{/condition)
{condition)
(operator) EQ{/operator)
Cattry SPACECRAFT_ID</attr>
(value) Landsat7{/value)
{/condition)
{condition)
¢(bbox»115.7,39.4,117. 4,41. 6{/bbox)
{/condition)
{condition)
Coperator) GT<{/operator)
(attry CREATE_TIME(/attr)>
(value)2010-12-22 00:00:00</value)
{/condition)
{condition)
Coperatory L T{/operator)
(attryCREATE_TIME(/attr)>
(value)2010-12-31 23:59:59</value)
{/condition)
{/condition)

{[request)

Fig. 7 Example for XML description of query conditions
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X AP AT XML R 38 J7 i B R 0 7 k. 2
PAFH T4 38 R B AN T 2 () LAY B AS ] 102 A 4% I s
f 32 R R A

<7 xml version="1.0" encoding="UTF-8"?)
{result_list)
{result)
{field name="id">
LSAT_LE71220322010365EDC00</field>
(field name="CREATE_TIME">
Fri Dec 31 00:00:00 CST 2010</field>
{field name="SPACECRAFT_ID")
LANDSAT7¢/field)
{field name="SENSOR_ID")ETM+ (/field>
{field name="ROW")32</field>
(field name="PATH")>122(/field>
(field name="UL_LON">117. 40405¢/field>
(field name="UL_LAT">41. 28446</field>
(field name="UR_LON">119. 64354</field>
(field name="UR_LAT">40. 95797¢/field)
{field name="LL_LON">116. 91972¢/field>
(field name="11_LAT">39. 682</field)
(field name="LR_LON">119. 10786<¢/field>
(field name="LR_LAT">39. 36316</field>
{field name="RESOLUTION">30¢/field>
(field name="STATION") EDC(/field>
{field name="CLOULD_COVER">0. 0221¢/field)
{field name="LEVEL">12{/field>
(field name="OFFSET">260202(/field>
(field name="FORMAT")Geotiff(/field)
(field name="DATASIZE")228085541¢/field>
{[resulty

(result)

{[resulty
{[result_list)

Fig. 8 Example for XML description of query results
&8 #rif) 4 A i XML & 7 4

B T AR 2 Ah L 3T SOAP [a] Bl ml L L —
A R Bl AR IO R L BOAR IS SR RN 45 AR B
3ARAE 4L A Y 3 T XML Ay 5 45 38 86 50 5 25 B
3

J& h 3R BT 2 : String access(String datalD) ;

B EL4E B . String getResult(String accessID) ;

ZE AR : void closeAccess(String accessID) ;

X 4 5 2 iSO AR 3 SR R al 12 14 3 AR AR 5 2 1Y
Bt 1D e g Bon R 28U B2 RiF PR R 3
Hedls D 38 w5 00 R ok A T T A 4R B GR [ T
BAG. 2 access B A, BB VR S s — i
FR B T T B L TE A6 IR H O AT 0 S
FH P AT DU 8 XK. R B)  access SRy AR B T8
Bl —A~ accessID, 3X > accessID W] LLAEVH ] getResult

M closeAccess BWHVE RS0, 24 getResult #% 8 B,
R Al 5080 v & A 0 BN [A] s 2 A R G 45 2R XML
R AT, s 9 BR
<7 xml version="1, 0" encoding="UTF-8"7)
{result)

(state) RUNNING(/state)

{[result)

(a) Still running

{(? xml version="1. 0" encoding="UTF-8"?)
{result)
(state) ERROR({/state)
(caused)Data not found. {/caused
{[result)
(b) Access failed

¢(? xml version="1. 0" encoding="UTF-8"7>
(result)
(state) OK(/state>
Curl usage= “package”)
ftp://use: pwd(@xx. xx. xx. xx/download/xxx. tar. gz{/url>
{url usage="*“quickview”)
ftp://use: pwd@xx. xx. xx. xx/download/xxx. jpg{/url>
{[result)

(¢) Access accomplished successfully

Fig. 9 Examples for XML description of access results
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RE 500 58 35 77 (68 i 414 38 3o J 40 vy B i Y R L R
A I 1] 1 T2 /A% SRt 25 WL 5 1 1) 20 25 52 AN TR
ol 24 A1 ok 5 A e R AR TT LR AT S [R] 44 R Y B (EL
SE(EL A0 B0 S TR A ] DUAS [R] (A o — A2 45 3 L — >
B0 A B SOR L B AT RO SO 9 81 R A
XML 1 JSON J2 He 8% FH 1 2 Bhoo s 1% fm A sg
Herty Az =L 4. MODIS i 19 50804 7T LLL JSON
A XML A% 270 5 il iR & 10 Fras

{ "id"."1456304112338__796__956875114",
"CREATE_TIME" ;"2002-10-16 00:00:00",
"COVERAGE".{ "TYPE": "Rectangle" ,

"UL_LAT".30.05501,"UL _LON".115. 0986,
"UR_LAT":29.999105,"UR_LON",127. 035,
"LL LAT".19.940222,"LL_LON";106. 0635,
"LR_LAT":19.886341,"LR_LON".117. 0474}
"SENSOR_ID" ; "MODIS", "RESOLUTION" ;500.,
"SPACECRAFT ID"."AQUA","LEVEL"."12",
"FORMAT"."HDF","DATASIZE" : 72675949

(a) JSON Description

<? xml version="1. 0" encoding="UTF-8"?)
(dataltem id="146304112338__796__956875114">

(CREATE_TIME>2002-10-16 00:00:00

¢/CREATE_TIME)

(COVERAGE type="Rectangle">
(UL_LAT»30. 05501¢/UL_LAT>
(UL_LON>115, 0986¢/UL_LON>
(UR_LAT)29. 999105¢/UR_LAT>
(UR_LON»127. 035¢/UR_LON>»
(LL_LAT>19. 940222¢/LL_LAT>
<(LL_LON>106.0635¢/LL_LON>
(LR_LAT>19. 886341¢/LR_LAT>
(LR_LON>117. 0474¢/LR_LON>

(/COVERAGE)

(SENSOR_IDy MODIS¢{/SENSOR_ID>

(SPACECRAFT_ID> AQUA(/SPACECRAFT_ID)

(RESOLUTION»500<¢/RESOLUTION)

(LEVEL)12¢{/LEVEL){FORMAT)HDF{/FORMAT>

(DATASIZE>72675949¢/DATASIZE>

{/dataltem)
(b) XML Description

Fig. 10 Format examples for meta-data exchange
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D Fields for Data Query Reference to Metadata

12345 XXX 123. 32 56 cd6ff(l)e4b02304dabeaebb

7
12346 yyy 124. 21 56 cd6/ffOe4b02il’>04dabeaebb

12347 77z 132. 21

7 T
56 ccliﬁff 0e4b02304 dabeaebb

{
"_id": Objectld("S6cd6ff0e4b02304dabeaebb"),

"CREATE_TIME": "Wed Oct 16 00:00:00 CST 2002",
"SPACECRAFT_ID": "AQUA",

A

“_id": Objectld("56cd6ff0e4b02304dabeaebc"),
"CREATE_TIME": "Wed Oct 17 08:00:00 CST 2002",
"SPACECRAFT_ID": "AQUA",

NoSQL Storage
Fig. 11 Hybrid meta-data storage
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B A7 5 R R O EE Bk S — O, 2
AN [ 48 DL A 75 38 R R T LA St 3 s () 9 /4% B
T2 SRR T A I ] 5 [ B 22 SO TR DL A AT LA
A SICH S I TR A ) 5 R LR A i T R 1Y
JE 3 B v B U7 0] i 205 5 0t [ I 28 JR Rl 4 ik
Bilt B i T LA A — 28 B B (0 A] R M R
A o A R G2 b i oA O R S
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FEAl.
3.3 HIERSEDO

AT oA i 32 SRR A B i it 1Y) e B A AT
G5 R AR A P 4 i R [ | 2 R] 0000 AR 1 A AR A
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Fig. 12 Classical workflow for remote sensing data analysis
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{"type": "simple",

"OS", {
"name" ; "Windows" ,
"Version":"10",

"Distribution" : "Windows 10 64bits"

)
"Tools":[

{ "name" ;" Visual Studio",
"Version":"2010"

}
]
}
(a) JSON Description
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<OS name="Windows")>

{version)10¢/version)

{distribution) Windows 10 64bits

{/distribution)
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{tool name="Visual Studio")
{version)2010</version)

{[tool)

{/environment)

(b) XML Description

Fig. 14 Examples for runtime environment description
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