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Table 1 Frequently used datasets in the PIE-Engine Studio data catalog

VIS Sy PR R TR 2 I 1) 7 5 23 )78 5
Landsat 5/7/8 surface reflectance (C2) 30m 16d 1984 4E-—H1E I
Landsat 8 surface reflectance (C1) 30m 16 d 2013 4F—H 7 GRS
andsat Landsat 5 top of atmosphere(C2) 30 m 16d  19844F—20124F L
Landsat 7/8 top of atmosphere (C1) 30m 16d 1999 4 —H1F v
Sentinel-1 A/Bground range detected 10m 64d 2020 4E—7E ]
Sentinel Sentinel-2 MSI 10/20 m 10d 2019 4F— 7 i
Sentinel-5P TROPOMI 0.01 9B 5 min 2020 4 —IAE [
MODO09A 1/MOD09Q1 500 m/250 m 8d 2000 4E—FH7E i
MODO9GA/MYDO9GA 1 km.500 m HR 2000 4F—H7E h
MOD11A1/MOD11A2 1000 m RBd 2000 4FE—PAE 4Bk
MCD12Q1 500 m AR 2001 4-—20194F 4Bk
Mopis MOD13A1/MOD13A2/MOD13Q1 250 m/500 m/1000 m 16d 2000 4E—HH7E i
MOD14A2 1 km 8d 2000 4E—3AE AR
MOD15A2H 500 m 8d 2000 4-—2020 4F EaE|
MOD16A2 500 m 8d 2000 4F—F7E i
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GF-2 IEHTRlA 7= i 0.8m S res s 20204 e R 43 DX A
GF-6 Z il i 3R S =7 8m — 2021 4 I 4 DX Ak
PR ZY =3 02 201 3 5 3R 7 i 8m — 20214 ] S 4 XAk
JNT WorldPop A H4#iE4E 100 m/1 km HHAE 2000 4F-—2020 4F i
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Fig.2 The access process of distributed data
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TR BRI ARSI AE 33t 300 25T,
¥ JavaScript Fl Python P FFiE 5 B9 U5 R 7=, H
REF IR 2 R

%2 PIE-Engine Studio S EF
Table 2 PIE-Engine Studio function summary

ke L] BARS T
DU iz A Add subtract .mulitply . divide 5
=R Sin.cos . tan.asin.acos .atan 2§

— brifEis 58 Abs .pow .sqrt . floor .min ,max ,round 5§

Al WA Eq.neq.gt.gte.lt.lte .and ,or .not
efiizsy Bitwise and/or/not/xor 2%
A A Int .double . float \byte %5
JLRIBH [EkiqiER=zs

S B A Get . length cat .slice 5§

HE R Determinant ,decomposition ,solve , transpose .inverse ,diagonal , pseudoinverse %
NIl Accum .reduce
FEASRAE ki qise=szs
AR Clip

AGERE W B e Add .select .rename . expression ,expression function s
gt o Reduce reduce region 45
FfALR AT Sample ,sample regions %5
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RS S UL BT T
B 53 H Slope apsect ,hillshade %5
TR R P Get ,set 5
Al $ Cat ,constant ,geometry ,paint ,pixel area reproject ,update mask ,where ,convolve %
FAHRAE Size first \map \mosaic ,sort
T AR IR Filter filter bounds .filter date select limit %
Geitor b Max .mean .median .min .reduce .reduce columns ,sum 55
TR e P Get .set 5
JLfap 7 Point line string . polygon ,rectangle %
TR HEDRAE Length area %5
25 [’ 53 Bt Intersects ,contains ,containedin ,disjoint ,within distance ,intersection ,union ,difference %
HAbHRAE Buffer .bounds .centroid . coordinates .simplify 5
AR Length ,area %5
P Z5 ) 34 EPIREE(E
T Get . set %
HAb A Buffer simplify . geometry %5
FEARTRAE First .map .merge 5%
PTTI i UL Filter filterbounds , limit 45
; TERCR R Get set %
H AR Geometries . error matrix ,classify ,random column %
A PR A Count first ,last 55
o G5 Hr Mean ,median ,mode ,percentile . histogram %5
- LIPSy Pearson correlation
U553 B Linear fitlinear regression
i B Horizontal \laplacian lowpass \sobel \vertical 55
Hlas s g gieS KNN .Random Forest .SVM ,Normal Bayes 5
AW 2 K-Means .EM
LA 85 AOT . cloud mask .rgh .PM 10.PM 2.5 ,sea surface temperature
. Mz 4A AOT .cloud mask .rgh .\PM 10 .PM2.5 .snow percent
TR Landsat 8 \Sentinel 2 Cloud mask
Sentinel-1 /55 =% Coastline extract .ship detection
Fsf ] 3 778 Date .day of year calendar range
SHIERE ey HIERR Bounds , contains ,within distance %
JE LR IE In list string contains ,string starts/ends with
AR R Eq.neq.gt.gte.lt.lte .and ,or .not .not null
iy TR A Accuracy .kappa
Ffb B2 my FAFE IR T IR B B

e RS R R E) 2021-09, - & TR

R AR B 2% B A [ AT 43 Sy R AR T
MR, Hoh ] AR T 2 48 QU i SR
RN, mBasEeshifBRg ., BrA
TR T BRI R IR AR WAL, TR E .
EO7 B SO HA AR A

—ANEF WA AR SEN R 3 AR
B, H AR UR W RS (Simple) B2
S8+ (Complex), AMHIZE TFHIRES,
ZHINERIGZE TS EER . a2 Bom
HEEE AT . addlmage (imageA, imageB), H:

KN Simple, FAFRH addlmage, L5 WANS%L,
43934 imageA Fl imageB .

e R B 7T Rt 3R] ] R85 S SR L ) B
e, WHRF Image MEBAE E WAL var image =
pie. Image ("LCO8/01/T1/L.CO8_121031_20170101") ,
SCAT S R X S AT A A, RS A O
BRI R TR ROREIIRE. 5T
Image T select 454 1] S2 I 45 8 52140 Ik B
i YL e« var image = pie. Image ("LCO8/01/T1/
LC08_121031_20170101") .select ("B1");
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Fig.3  The calculation flow of PIE=Engine Studio
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Research and application of PIE-Engine Studio for spatiotemporal remote
sensing cloud computing platform

CHENG Wei, QIAN Xiaoming,LI Shiwei, MA Haibo,LIU Dongsheng, LIU Fugian,
LIANG Junlong,HU Ju

Piesat Information Technology Co., Ltd., Beijing 100195, China

Abstract: With the arrival of remote sensing big data era, numerous remote sensing cloud computing platforms have emerged inland and

overseas to rapidly process and analyze massive remote sensing data. The emergence of remote sensing cloud computing platform makes it

possible to quickly analyze and apply remote sensing data on a global scale or for longterm sequences. However, currently, there is lacking

of remote sensing cloud computing platform with complete functions in domestic, while foreign remote sensing cloud computing platform

has insufficient support for domestic satellite data. Based on this situation, we have independently developed a spatiotemporal remote

sensing cloud computing platform, PIE (Pixel Information Expert) -Engine Studio. By adopting container cloud technology, this platform

integrating data, computing power and technology, can implements on-demand acquisition of remote sensing data and rapid processing of

massive data just driven by the script. (1) This study first introduced the system architecture of PIE-Engine Studio, and then described the

data storage and access mode. (2) PIE-Engine Studio provides operations for multiple objects such as number, matrix, image, vector, list,

dictionary, etc., also machine learning algorithms and some special satellite algorithms. (3) Furthermore, this study illustrated the calculation

flow of the platform in detail. Firstly, the user writes a script in the front-end to describe the calculation process of remote sensing data.
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Click the “Run” button, these codes automatically build the preliminary chained structure call syntax tree. Then the syntax tree is optimized
in the back-end through filter the invalid calculation content. The computing tasks are then distributed to the computing services on multiple
nodes through the scheduling center. Finally, the resulting visual map layer or data file is returned to the front-end interface triggered by
specific front-end requests or operators (print, addLayer, export).(4) At last, an application case is presented, we adopted Landsat 8 data and
taking the calculation of Normalized Difference Vegetation Index (NDVI) in the growing season as an example, the calculation results and
running time of this platform are compared with Google Earth Engine (GEE). The results show that, due to the limitation of computing
resources, the running and export time of this platform are slightly longer than that of GEE, but the spatial distribution of calculation results
is consistent, among which about 68% values are distributed between (0.48, 0.77), and 95.33% of the difference between the two results is
concentrated between (-0.13, 0.13). It shows that the results are reliable. Therefore, the remote sensing cloud computing platform
constructed by this paper, can provide data resources and computing power for research in the field of earth science, and will help promote
the development of remote sensing cloud computing platform in China and the application of domestic satellite data in cloud computing
platform.

Key words: remote sensing, big data, remote sensing cloud computing platform, distributed storage, parallel computing



