1007-4619(2019)04-0695-11

Journal of Remote Sensing % & 54k

CesiumiEZE R B T B R FE#BEE A RIET

SR, FAME,

MEE, £,

4!

LIRS 5 TR, 1T 255049,
2. W ER A B RN A S IR AT IR SR B R G EF H A SRS, Jbat 100101

7 OE: S MR E B RGOT AMELL R
2 P RCHE DRI 23 18] 2 7% 25 S ML EL 7 18U

2L 2L Cn ey IR Nb
Bt XA ] 25

, RAWFE Cesium*F- 5
EEES E’Jﬁﬁﬁﬂ%ﬁﬁﬁ{w?}mﬂ“ RHEF

Cesium ) Z JA M FUR BUE S MBS MBTT 58 . SLIATREN], P— R Bl BmEIT % . #EmshE2 I

FUR RIS T R R OB 5 #AS TUR IR FE I RAE A ] 25

S8 S 7% TL B 2 5y i AR s S22

Z 2 WS BT IRIE T R BEA BT A R H R ARCRE . AT TAETHRGIS -5 1 19 2 P A 0 1

AR, DR R RS SRS H B R T — IR

R
S JEHE, Cosium, 4 TH0H,

SIA: SEREH, Nk, WER, &4,
695-705

AL, AR,
ZEHELE. 2019. CesiumiEZR SRR FitE R F HIEREHF RiZT. BRFER, 234):

1 FRAE PRI AR T 58, A BN T 1 S BrR

A HALHRE

FanJF,Hu TY, He HX, Qin L and Li G H. 2019. Multi-source digital map tile data mashup scheme design based
on Cesium. Journal of Remote Sensing, 23(4): 695-705 [DOI:10.11834/jrs.20197441]

1 51 5

FRTIRGIS -5 /e M B A5 R S &
V25 HOR B A0 VE FH (Zaragozi 45, 2012; #4f
J=, 2011), FFRGISE-HHMAEN FEIATILIT A
SR HR A&, DL GIS - & B R
. APFIR 55, 2017). CesiumZTFIHATHIT
yifJavaScript/E, T WebGL(Web Graphics
Library, Web@ﬁ/ﬁﬁ)ﬁ*%ﬂ@ﬁ/B/‘Jﬁﬁiiﬁ:ﬁl]L,
HEAEVEG . B mre s, JHeatshSg
P 0 =/ = 4 v Ak e R T g
org/[2017-06-03]; =%, 2014; Chaturvedi,
2014), %ﬁ%TUiCesmmpeﬂﬂa‘afﬁFﬁJ@ 4k
BRIKF e O, TR AT RIEIE . o
DB, H S 3R R 2 80 w0 g M 3 F &
CesiumXfAJAX(Asynchronous JavaScript And
XML, SH:JavaScriptFIXML)IIRESEFT T Hidf 5L
L& 501 R R 55 7 vt 6 2k b 2 2 B 45080 1Y) g

(http://cesiumjr.

RSB 2017-10-31; FRENZ: 2018-07-03

Cesium/fE N H AT H 25 W4T 09 TR IR = 4k 1K1 5|

, ERSIREGE &) 2 TR . EAMEAH
3?5%%%5@@, FFN E T X Cesium = 4T HE
(o AEE . TsaiZ$(2016)%F GEE(Google Earth
Enterprise, GoogledER (Ml b)) FlCesium P & A9 )

AT TIRA ST AL, JF5C8 7 NGEE %
CesmmqZ £ 3D H PR 7S (8] n] M4k J2 7R D RE ) i
o Hed5(2016)5H X 4k ) RGAFLE N R PR32
I H Cesium M3DCityDBRY A 04k /i, 3T T
T CesiumM3DCityDBAYWeb3DHL, /JGIS R 4t ,
SCELT 3D RIS e B i e ST Ak, Hh
B2 [H) 0 FH 1) 22 R 1 S T 3 ) 5 R g e
M BE 23 [A]{5 BLAYTE X, PotnisFIDurbha(2016)% 1t
A HCesium iy = 4] AL Uy RE , 8 o
SPARQLZ 1) A5 R0 ih 32 7 iy B 28 [B) AR 44 S L S 3
SEPL T Cesium K FULH0 BR X5T b B 25 [8] A4 18 o] 408 4k
IIfE. Gede(2016)4143 1 Cesium it 45 I HAE

HEEWH: ERARFEILEGS: 41501425, 41601478, 41471330); EFKESHFAITRIGE: 2017YFB0503500); LI A4 & S0 &3k
(%5 : 2016GSF122006); AR 25 # AR ITHRI(SS . TI6LHO3); AR T RFF RN & B H RIS 4072-115016)

E—1EHEN

s YUMREY, 19854FA:, B, YRHIE, BFFEIT AN R B R SRS KON T A bR, E-mail: fanjf@sdut.edu.cn


http://dx.doi.org/10.11834/jrs.20197441

696 Journal of Remote Sensing & &5 4R 2019, 23(4)

4 B 5 80 rT LR U R T RE g, R
£ TN AQGISHif:, A BT LICZML(Cesium
Language, Cesiumifi & )#g=UA s & BihA] .

H 17 [ N X Cesium B 5E 3 241 H T Cesium
FEAAT N A Ak 55 R S TR e . PR iR
FIH (201 5) 763 T WebiR 55 Y GISHE LR |-
TR T Cesium =4EWebGISTF AT E, Tk
ST WebGIS RGP IRl g . 4 21
(2015)iz HIWebGLA A K Afi T Cesium [k 55, [7]
it 3 3k T A i 4 1 B SO e A i A 0
SR R R e = Y R R B T, SE AR T B
BRI B RS B AR . AT €(2017) 3 F
Cesium F A58 T PR =4 7704, 377 548
KR PEOCIR , 7E = 4 b 5 v SERT R AT il K
L5, SEELT R B s IR e s B B R
YA

TESEBR A GIS S B T AR FH o, A2 A 2R A
SR BRI, A R] 6 b Pl R 45 v A 326 A AT 91X
PN AT ARG L R PR A AR R, S AR
DR AE R 2 1 25 () RIS [R] 0 [T PN R 2R 5 o DLt o
— [18) o P Bl R AR AR TS A GIS T H XIS R 24
PEFNE 26 C B TR oK, T 2 IR AR IR A e
B BRI, P I oE X PR IR Y A3 (] A fE]
BRI ESEERE L WebGISHF & F-AH T R4
TIner BRI, e LS TR B e i e, [
B 22 RS2 AR IR T BB 51 S 28 (8] 225 NG LY
[, By s i PR N 2R A TR EL AN AR o B Bl
- 5 Mk DL RS B A 2 IR RS A5OEUE Al A R A )
b, AR HrCesium -6 T 18 FL A s 41 28
BN SERE b, SCBURRIZS 2% . Z2UE A5
B L, WMl ES . AR SR
RAE BT 2, DU e 2 2 18] oA [ 25 1) 2
% ZV R EAESE GRS S, BdEma 5
AE RN IRV, S e GIS Iy B JEs [ B Sk Y 4
PR T % o

2 AR

2.1 EHIESRIE

Cesium 32 Fm# iy TR 155y MAR IR S5 Fn
B FL T WIRP (] K, 2017), KteRh L8 5 A%k
PER(FR1), CestumdA ] SEEL LR N4k

F 1 CesiumZIFHE it B #IER

Table 1 Tiled map data sources supported by Cesium

ANIF) =S [R5 2% (A 2 0

A G

Webs2 KL WGS84

HE 1—19%%

TR 0—184%
AN FF

T 1—18%%

WARE 1—19%%
b E 2—18%% 2—18%%
A 0—19%% 2—20%%

FUR BUER A T7 585 2R AN [R] 25 18] 2 25 (80
PRI, H LA TE L IR L R B S 8 2 % O
Web s KL H A A8 RPROJCS(Projection
Coordinate System) MW GS84 b Hl 4 5 R
GEOGCS(Geographic Coordinate System),
CesiumZHpxf R PR3 8] 2% T 1Y 5L £ i
VITRIFIINER o T 2R P A Sl ] 44 52 4 Web s
RACBI A bR RS FIWG S84 AR bR R G5, Ry
THATIRIE T R BT MIBCR R L, A SCIREBUK #y
VL 1 2, 11 T A ] 2 ] 25 25 T |9 BL e 580
TS5

22 EBR¥EAAFEREH

HL - b ] ) R AR A3 e (o 745 1 T B R 15
FER T Z N, B T 2 5 T b R
D/ 8 L S N e 4 S AT S R B o B B i OB
IR H AR (i Efe, 2015; #&& %, 2011), Hu&
FLR BRI R 2 N0 S, B B 41 44
HEMNZEEN AT . T 2 _E A0 ol FHXORTY A A 4o 43
SR ECH PEATAR IR . EBOZREC TP LG, M IR 46 ik 25
R R DI, K — 2R A% A X
BTNy, B BRI B ROk AR, —
BRI BB R KN R256x256(F M,
2012), KhBHRGE—MHZE)S . 115, J1%
BIL, X, Y)3 SOk EL A i BEA7 i
e, ME—FRRER R (B 45, 2012), AN[H
SAIB T, 09 B R E AR5 05 R
i), SEIARZON MY B B i 2007 R
(BB E—E 225 . WGS84bHL AL FR R Y
W BC R IR AE 206, T WebsB R FLHEY AL bR
ENR NN} eI E SR



TEARTHT 2. CesiumMEZL YR AL 3|1 FU R Bl A5 7 S it 697

2.2.1 WGSS4ithIBA iR R TR FHIRHLSA

WGS84h FRAL AR 22 N HT I B F i K 43 7 =X
TR .

SF FH DU U 2275 W G'S 84 1l 3 Ak A R BT = 2% L
R AZUEA(E2), mEL. K208, 02 HbA
FLR 21256 x256182 R R/NW BL R 4R, Hir
P2 AR E 9 R R O FERE AT R0 5. SEndt B
RAPIX, Y)PRRS RPN, FrA B R Bl
o TR X I A 21 2007 SR i 44 B4, e R
AME—RE: EE)5 . 115 FI5EL, X,
YFAETERR SO e rfr, RIAA s < B R Bl B 5k
>> b B JZ b5 (L) U Je>> 1745 5 (X) SOk
>>FFR5 (Y)SCHB B H R4, #
WGS84HHH AL R R B WIAEAE SO e, B —42%
MR S H ST, SO e B0 SR B SO
P EC R B0 I A (63)

(a) OZLBL 7 &5

(a) Tile division of level 0

(b) 1 FL R R4y
(b) Tile division of level 1

Bl 1 WGSS4HBERASR A T R IZE FL ARl 73 (R i &)
Fig. 1 Spatial divisions of the first two levels of tiles under
the WGS84 GEOGCS (Tianditu)

EHIE
IR
24

K2 WGS84MERALER F T Y PUSUR BL R U
Fig. 2 The quadtree organization of map tiles under the WGS84 GEOGCS

R2 WGSS4E MR R INWebE R IR B LIRRE TEnRHIEER LA RIRSX, Y)IIR
Table 2 X/Y identifiers of each tile in the level n map tiles under the WGS84 GEOGCS and Web Mercator PROJCS

- WGS84 WebsR4L

1355 " :
£ 151 2524 %275 £ 151 525 %2"51

4T 0, 2'-1 1, 2"-1 2o, 2" 0, 2"-1 1, 2'-1 271, 2'-1

4} 0, 1 1, 1 271, 0, 1 1, 1 21, 1

HEAT 0,0 1, 0 21, 0, 0 1, 0 21, 0

K3 WGSS4iIBALIR RINIWeb B FIEHR B LIRETRA

R TFAE A
Table 3 Tile storage rules under the WGS84 GEOGCS and Web
Mercator PROJCS
WGS84 WebZ K46

e P

D) SCUFSIRAEE SCPFIRNEL T SO SRR N TL R

(BEAebR) B br)  (BEAbr) B etr)
0 2 1 1 1
1 4 2 2 2
n 2" 2" 2 2

222 WebSFHERBAIRRTERHEAR

Web 2B BB HFR P 28 R B 0l
“ERIN S RACEOE, S A IRER B — P DL ER
BRI D 242 9 TEBR (A QR i B A R 14 b [T 4572
Titko R Webss RAERIBL I7 Uik — 2 R
JER AL bRAR R bR 22, (H PR DA A 1
2 e A il 0 B P 5 R R R A A X R S IE T
B, AMER XA YRR S PR, F) T AL bR
185 R TR B U AR, BRI T



698 Journal of Remote Sensing

#2019, 23(4)

BII(ERAR 45, 2012), Websa RIEBGEZAARR T
RTPHZE EL T BRI 73 A& 3 F

(a) OZL L v 0153

(a) Tile division of level 0

(b) 1L KI5
(b) Tile division of level 1

K13 Webs RIEBEZ AR T HTPIZ LR I3 (4 )
Fig. 3 Spatial divisions of the first two levels of tiles under
the Web Mercator PROJCS (Google Maps)

FHRLAR B F7R Webss RAGBE AL PR R TR =2
AR (ERE %, 20125 750 B R a6,
2012)(E4).

F0%

EAE
ek

K4 Websh RFCBGZARF T I PUSUR B 48051
Fig. 4 The quadtree organization of map tiles under the Web
Mercator PROJCS

3. E4nT%, 0 AUA 1IE256x2561% FE 1
AR, HRBHAEH R R MR T
X453, MR & S ORI IR AL, 2012;
PR BMB/NAR, 2013; SECRIHE, 2008), 56
LR ATANX, YRR S 2R

Webs2KIEFIWGS84%3 [0 2% 1Y I A A6k 1Y
SR FH DU SR ) 43 1 07 SCR B BL R &3 . AR TR
JEWebss RIERGE AR R T, E—Z000 B A s
SCAA S PRI SO e B FUH B R B AR A . 9%

FRBE TR SH ., R RS RN E
R R R R UFRIPTR

3 SR AR

Cesium H HiI 372 W GS 84 1l 3 4k b 2 I
Webss-RFLH AL bR R P FIAS [F] 25 (8] =25 1 b 1] FO
FBARIE . AR ZS 81 2% 588 0 TP or
% (Tiling Scheme) I Xf i . 7ECesiumiK R T,
WGS845% 0] 2% X} i Geographic TilingScheme (3 B
AR FZ), WebfkKILas[0]12% %\ WebMercator-
TilingScheme(Webz& 44 FL 1 77 %) (Hitp://cesiumyjs.
org/[2017-06-30]), AW IERA AP A4y
RYHIEMMZERSEAAHEREG A, A6
BN s o

SEE IR, FE B BN E I b 2 S
ZNOZL Iy, 75 I 8 28 b R HH A TR L . X
T/ 1) Tl P )22 9 RT AR A A Y 4% 6] 275 1 TG 4
P A LD BT b 42, BT B R/NVE
RHM256x2561%% .

30 B—REREIEBEME TR

Fi RFTAR BC A Bl 41 23 454, B — B0 k8
JEN# ] 38 i Url TemplateImageryProvider5Z {4 Il 55
FcreateTileMapServicelmageryProvidersZ {4 IR 55 ¥
iy L

(1)UrlTemplateImageryProvideriZ {4 iR 55 . fifi
A UrlTemplateImageryProvidersZ 44 il 55 7 { FC A4+
G AERZS (8] 2 2% 1 B B 2 . WGS84H:
P23 (0] 27 FIWebs RAGBOE A5 RIS N LA INEg
R NES R . Z MR FWebss RIEHE L, W
WA IX 25 IR E B R B S, tnElS(c) . EIS(d)H
ZTHEFR 43 Ry AR Hb DX A T (5 BC R E s 5 0L T i
TR IR (5,

(a) RHLPE(WGS84) (b) BHHR(WGS84)
(a) Tianditu (b) Google Maps
(WGS84 GEOGCS) (WGS84 GEOGCS)

(c) Kb (Webs4T) (d) AR (Web S FE)
(c) Tianditu (d) Google Maps
(Web Mercator PROJCS) (Web Mercator PROJCS)

5 Cesium 3DME T AU ELH 2R /R 2 E

Fig. 5 Tile loading effect under Cesium’s 3D view



TEARTHT 2. CesiumMEZL YR AL 3|1 FU R Bl A5 7 S it 699

(2)createTileMapServiceImageryProvidersZ {4
Ml . {di HcreateTileMapServicelmageryProviders¥
15 MR35 MR B R 5 4 B R 1 Pl A 45 1)l 3R SC A (X
iR AE, 2015)FFH07E B B AR H s sk,
ZXMEE TR BENSEZ2% . LR/,

(a) KHLPE(WGS84)

(b) B HR(WGS84)
(a) Tianditu (b) Google Maps
(WGS84 GEOGCS) (WGS84 GEOGCS)

TEGE R FIE S R NS R A B
DS, HETEC R s i IR EL. WGS84h
HZS M) 2% IWebss RICHOE A MS% T 1Y BLA 4K
P nARFR M E 6 TR . El6(c)FIE6(d)H LTHE R
T EFES(c) . BI5(d) IR RCREFTX L

(c) K F(Web S RHE)
(¢) Tianditu
(Web Mercator PROJCS)

(d) AR (WebER4T)
(d) Google Maps
(Web Mercator PROJCS)

El 6 Cesium 3D T AV E A AR R EE

Fig. 6 Tile loading effect under Cesium’s 3D view

TEWGS84= 0] Z % 1, Cesiumffi i Url
TemplateImageryProviders 14 ik 55 77 % Micreate
TileMapServicelmageryProvidersZ {2 iR 55 7 £ iz,
B —HHR ISR AR ] (R FEWebss RICEE ik
T (b BT A 88 45 P Rl 2 (—85.05°S, 85.05°N)),
Sl SR T B bl DX b LR, TC R FLE A R AR
(K%, 2012; Wikipedia, 2017), BAFPRZARARSS
INEBORAEAE TR 25 fiHUrlTemplateIma
geryProvidersZ AR IS5 B, PR IX S8 7 4 s 46 1Y)
TCECHE W5 A BRIA BRI B 6,1 5(c) . KI5(d));
createTileMapServicelmageryProvideriZ 5 IR 55 B,
ife /L BSCHI ) R AR i DX A 3 TR AR P 3 % b DX
P BC R A (L FUL A R R e DX 7 b P 808 (1 6 ()
Kl6(d)), HgiRE], EWebsk RIEE W ZS%
T, B A PlcreateTileMapServicelmageryProvidersZ
MR 55 I LSRR A, BR— B0 7 iR U5
B HEIE T, CesiumXt Bifh2s M1 2% F Y KA
BAE R T RAF SR, TSI

32 EBRRBEHSUIMAR

FUR IR FE RSV 7 58 25 2 VAN [ 9 2008 TR
2SR ZHHEATIRE, 73 9 IR Ah B R A ] 2 [4]
27 | SRR DR [ 25 18] 2 25 A ) i dis A
238123505 %, 3 LI2DAL R R s aicR .
DR A 3 JR s R R RS IRAS [R) 2 (8] 2 2% B0 P e 4

PR AR, A SCHEZAE I T R G IC fal
TR B R R P04 07 UL BURAE . TE R
RIEFEVI TR T, 8T 0 W o S50 4%
R, TELE RS R EE I T I IRR R 5 THEAR
AEPAIREEYN, HIZIHESS Y o HASIE 45 3

LR IR S #R A U4 )7 28 7 1 U v 20090 e FRAH
N R B R B A AU BEAE % o 9 An#E Geographic
TilingScheme FL A FEi T E T, 2K WebE 4T
23 (8] 2 25 W9 BU Fr DF 238 30 I ) 3% R/ i HoAT &
WGS84%3 [0 2% T L HZU5 =, PHER T
e SR N Y TG R B 2 BL R OB e g i
) —2F, PR RS (8] 22 1 T R e [ — 3
e, MRS X L% M GeographicTiling
Scheme FL B4 7 R . 24K JHWebMercator
TilingScheme FL RVl J5 G It 22U FC A B
B TR

32,1 HEPHBEEARZESXE

AR b P R4 - 1 B0 1 o1, AH ) 5
PRI R 25 18] 225 R B9 TL R IR $8 7 S i it an 4 pr
N, BTIER TSI T 480 AR A9 5L A 22
S E Y SNNA RS €= N TR P S RS e
FHO— 148 L 7 1) 2% e 22 1) 34 FL 7 DIk S UE A
IR B3 ) B P TR VIR



700 Journal of Remote Sensing & &5 4R 2019, 23(4)

®4 HEBEEARZESE THEFRBEARZT

Table 4 Design of tile mashup scheme under the same data sources and different spatial references
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Table 7 Design of tile mashup scheme under the same data

sources and different spatial references
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Multi-source digital map tile data mashup scheme design based on Cesium

FAN Junfu"’, HU Taoying', HE Huixin', QIN Liu', LI Guihua'

1. School of Civil and Architectural Engineering, Shandong University of Technology, Zibo 255049, China;
2. State Key Laboratory of Resources and Environmental Information System, Institute of Geographic and Nature Resources
Research, Chinese Academy of Sciences, Beijing 100101, China

Abstract: Developments and customizations based on open source software have lower costs and higher flexibilities than the large-scale,
high-cost, and high-complexity routine maintenance of commercial geographic information system (GIS) platforms that is limited by the
function of the system. An increasing number of GIS applications are migrating from commercial platforms to open source GIS platform
frameworks. The open source GIS platform facilitates the application of GIS and promotes the rapid development of spatial data manage-
ment and processing technologies. However, developers may still face the challenge of scenarios of integration or mashup applications of tile
datasets from multiple digital map sources in many GIS projects. Therefore, the data source of the base map based on the open source GIS
platform must be increased to extend the space and time coverage of the base map in the study area.

Cesium is an open source 3D map engine developed based on the Web Graphics Library with various characteristics, such as cross-plat-
form, cross-browser, 2D/3D integration, and dynamic geospatial data visualization. This library offers a flexible and efficiency base map
customization environment for WebGIS applications with low costs. Cesium provides access and loading support for two mainstream spa-
tial references: WGS84 and Web Mercator coordinate systems. On the basis of these considerations, we comprehensively examined the tile
data organization mechanisms and spatial reference differences of the Cesium platform and various tile data sources, such as Google maps,
Tianditu, and Bing maps. Two types of tile data loading schemes, namely, static and dynamic loading, were designed for the mashup of
multi-source tiles with different spatial references. (1) Experiment involving the single data source tile loading scheme illustrated that single
data source tiles could be loaded successfully by the two image services, and the createTileMapServicelmageryProvider image service was
suitable as a choice of single data source tile loading scheme. (2) The static and dynamic schemes showed favorable visualization effects
when tiles from different data sources with the same spatial coordinate system were loaded. (3) The static tile mashup loading scheme could
lead to tile image deformation when multi-source tile data with different spatial references were loaded. (4) The dynamic mashup scheme
could overcome the deformation problem and shown better visualization effects than the static one when multi-source tile data with different
spatial references were loaded.

The proposed method that is based on Cesium and involves different spatial references and multi-source tile data in offline maps, data
fusion, and integration applications can be used to extend the base map data source of GIS and remote sensing projects and has evident po-
tential practical application values.

Key words: remote sensing, Cesium, digital map, spatial data organization, tilling mashup, localized deployment
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