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Spatial big data has a large scale and complex, therefore, it cannot be
collected, managed, and analyzed by traditional data analytic software
shortly. These platforms in many situations are restricted to vectors data.
However, the raster data generated by the sensors on the enormous
number of satellites now needs to be processed in parallel on the cluster
environment. The article introduces the satellite image data analyzing
method using the RasterFrames library on the Apache Spark platform.
The RasterFrames library examines raster data for Python, Scala, and
SQL, bringing the power of Spark DataFrames to access to Earth
Observation, cloud computing, and data science. In the experimental part,
the NDVI and the change in the average value of NDVI in the time series
are calculated to demonstrate the vegetation mantle changes in Phu Tho
province. These results are the reference data source in the assessment of
weather, climate, and environmental changes in the study area during
that time.
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Danh gia bién dong 16p phi thwe vat dua trén phan tich chudi
thoi gian voi Apache Spark va RasterFrames

Nguyén Thi Mai Dung®, Vii Thi Hoai Thu
Trwong Pai hoc M6 - Dia chdt, Ha Noi, Viét Nam

THONG TIN BAI BAO TOM TAT

Qucf trzr?f.z: Dir liéu khong gian Ién c6 khdi Iu'o'ng Io'n va phwc tap, khéng thé duwoc thu
Nhén bai 18/9/2020 thdp, qudn Iy va xt Iy bdng cdc phdn mém xi ly di ligu truyen thong trong
Straxong 09/01/2021 thoi gian ngan. Cdc nén tdng xw ly die liéu nay trong nhiéu truong hop chi
Chdp nhan dang 02/02/2021  4iGi han & di liéu vecto. Tuy nhién, dit liéu raster dwoc tao ra béi cdc cdm
Tor khia: bién trén s¢ luong Iom vé tinh hién nay cdn duwgrc xit ly song song trén moi
Apache Spark truong cum..};?al bdo gidi thiéu phAu'Ung phqp xw ly dir liéu dnh vé tinh s
Dt lidu khéng' gian 16m dung thw vién RasterFrames trén nén tdng Apache Spark. Thw vién
: ’ RasterFrames xtt ly dir liéu raster cho Python, Scala va SQL, mang stvc manh
MODIS, cua Spark DataFrames vao viéc truy cdp dir liéu quan sdt Trdi ddt (Earth
NDAVI' ] . Observation), dién todn ddm may va khoa hoc dir liéu. Trong phan thuc
Phan tich chuoi thoi gian, nghiém, chi s6 thurc vat NDVI va sw thay déi gia tri trung binh ctia NDVI theo
RasterFrames. chudi thoi gian da dwroc tinh todn dé chi ra sw bién doi Io'p phu thuc vat tai
khu vwec tinh Phii Tho tir ndm 2013+2015. Cac két qua nay sé la nguon dir
liéu tham khdo trong ddnh gid sw bién ddi vé thoi tiét, khi hdu, moi truomg

ctia khu virc nghién ctru trong khodng thoi gian do.
© 2021 Trwong Dai hoc M6 - Bia chat. T4t ca cic quyén dwoc bdo dam.
1. Mé dau ngubn, da ty 18, ty 1€ 16n dong va phi tuyén tinh.

Tép dix liéu hinh anh vé tinh rat 16m va phic
tap dén ndi kho xtr ly ching bang cac cong cu quan
ly co s& dit liéu c6 san hodc cac rng dung xtx ly dit
liéu truyén thong. Viéc phan tich di liéu 16n doi
hoi cac thuit toan phirc tap dwa trén ky thuat hoc
may va hoc sau dé xir 1y dir liéu theo thoi gian thuc
vGi d6 chinh xac va hiéu qua cao. Truy van dir liéu
ttr cac hé thong vé tinh quan sat Trai dat thwong
gap phai vin dé khé khin nhu: cac dac tinh da

“Tdc gid lién hé
E - mail: nguyenthimaidung@humg.edu.vn
DOI: 10.46326/JMES.2021.62(1).06

Van dé nam & viéc truy cap dit liéu do kich thuéc
khéng 16 cia hinh anh vé tinh va thuec t€ 1a viéc
phén tich ching dang gdp nhitng vin dé can phai
thdo g&. Pa c6 rat nhiéu nghién ctru vé viéc truy
cap va phan tich dir liéu vé tinh, dac biét 1a trong
nghién ctru mirc d6 6 nhiém & mot qudc gia, tinh
hinh I lut hodc chay rirng. Trong bai bao nay,
nhom nghién ctru gidi thiéu moét nén tang phan
tich va xtr ly dit liéu anh vé tinh dwa trén cum
Apache Spark két hgp véi RasterFrames la mot
thw vién xtr Iy dir liéu khong gian dia ly cho Python
va SQL. RasterFrames cung cip ché d6 hién thi dir
liéu vao DataFrame ddi véi bat ky ki€u dir liéu anh
vé tinh quan sat Trai dit, cho phép truy van khéng
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gian, thoi gian, thuwe hién cac phép todn so6 hoc va
twong thich véi hé sinh thai cta cac thudt toan
Spark ML. Cu thé, bai bdo st dung RasterFrames
va Apache Spark dé tinh toan chi s6 NDVI, sau dé
trich xudt sy thay d6i cia NDVI trong mét khoang
thoi gian nhit dinh dé theo déi sw bién doi ca 16p
phu thyc vat tai khu vic nghién ciru.

2. Co’ s& ly thuyét va vung thwc nghiém
2.1. Nén tdang Apache Spark

Apache Spark 1a mot nén tang tinh todn phan
cum mi ngudén m& dwgc phat trién so khai vao
nam 2009 béi Matei Zaharia tai Pai hoc California,
Berkeley RAD Lab. Spark ban dau dwoc mé nguén
theo chwong trinh BSD (Berkeley Software
Distribution) va Spark da dworc trao cho Apache
Software Foundation vao nam 2013, tré thanh dw
an cao cip nhit cia ASF vao nam 2014 va dwoc
phét trién cho dén nay. Spark c6 hon 400 cong tac
vién va nha quan ly riéng biét tir cac cdng ty nhw
Facebook, Yahoo, Intel, Netflix, Databricks,... cho
phép xdy dung cac mo hinh du doan nhanh chéng
véi viéc tinh toan dwoc thwe hién trén mot nhom
cac may tinh, c6 thé tinh toan cung lic trén toan
b6 tap dit liéu ma khong can phai trich xuit mau
tinh toan thir nghiém. Téc do xtr ly cua Spark cé
dwoc do viéc tinh toan dwoc thyc hién cung liuc
trén nhiéu may khac nhau. Pong thoi viéc tinh
toan dwoc thwc hién & bé nhé trong (in-
memories) hay thuc hién hoan toan trén RAM.

Apache Spark dwoc biét dén la giai phap hiéu
qua nhat cho xtr ly dit liéu 16m va dwoc hdu hét cac
nganh cong nghiép va cong dong chip nhin
(Databricks). Apache Spark cung cip mo hinh lap
trinh ho tro nhiéu loai rng dung, bao gbm ETL,
hoc may, x Iy luéng dir liéu va tinh toan do thi.
Spark bé sung hai tinh nang méi cho MapReduce
nhu l3dp lai, twong tac va cac ing dung truc tuyén.
Nho xi& ly in-memory nén Spark cung cip cac
phén tich dir liéu thoi gian thwe cho cac chién dich
quang cao, may hoc (machine learning), hay cac
website mang x3 hoi. Mot trong nhitng wu diém
16m nhét cia Spark 1 tinh dé st dung. Spark c6
giao dién ngwoi dung than thién. Spark cung cip
cac API than thién cho Scala Java, Python va Spark
SQL (hay con goi la Shark). Viéc Spark dwoc xay
dung tlr cac khoi don gian sé gidp tao cdc ham do
ngwoi ding xac dinh mot cach dé dang. Nén tang
Apache Spark la ma nguén mé, st dung cac server

chung, chay trén ddm may (cloud). Spark cin mét
lwgng lén RAM vi n6 xtr ly moi thir & b nhé. Viéc
thiét 14p cac Spark Cluster kha ton kém nhwng khi
yéu ciu xtr Iy dit liéu thoi gian thue thi Spark1a lwa
chon t6i wu vi chi cin it hé thong cho xt Iy mot
lwong lon dir liéu véi thoi gian ngan. Mot lwa chon
khac dé giam chi phi la str dung mét nha cung cip
cho Spark nhw DataBricks, EarthAl hodc chay cac
quy trinh EMR/Mapreduce trén dam may véi
AWS.

Trong nhitng ndm gin day, mét s6 giai phap
xt ly dir liéu khong gian trén nén tang dir liéu 1on
da dwoc cong b6 nhw MD-HBase (Nishimura va
nnk, 2011), Parallel-Secondo (Lu va Guting,
2012), Hadoop-GIS (Ablimit va nnk, 2013),
GeoTrellis (Kini va Emanuele, 2014), GeoMesa
(Hughes va nnk., 2015), SpatialHadoop (Eldawy
va Mokbel, 2015), GeoSpark (Yu va nnk,, 2015) va
SpatialSpark (You va nnk.,, 2015). Cac nghién ctru
nay déu tip trung xr ly cac van dé vé dir liéu
khong gian dialy 16m, tuy nhién van ton tai sw khac
biét gitta nhitng thach thirc dat ra va cic yéu cau
ky thuat cu thé.

Magellan (Ram Sriharsha) la giai phap thuc
thi phan tan trong phan tich dit liéu khdng gian dia
ly 16m. Cong cu nay dwoc trién khai trén Apache
Spark va khai thac triét dé cac ky thuit co s& dir
liéu hién dai nhw sap x€p cac 16p dir liéu hiéu qua,
téng quat hda, tim kiém t8i wu. N6 ho tro day da
cac tinh nang co' ban cia OpenGIS nhw cac ham dw
bao khéng gian SQL, cac thuat toan khong gian
topology. Mot bd phadn mém xir ly dit liéu khong
gian 16n khac dwgc phat trién trén nén tang
Apache Spark la SparkSpatialSDK (Shangguan va
nnk., 2017), dd xem xét nhitng dac trung cta dir
liéu khong gian, b6 sung ciu tric dir liéu khong
gian va API cho phép ngudi dung dé dang thuc
hién cac phép phan tich khong gian véi dir liéu
khong gian dia ly 1é6n. Mot s6 nghién ctiru da tién
hanh so sanh viéc trién khai mot sé phép truy vin
trén co s& dit liéu khéng gian truyén thong
PostGIS/PostgreSQL va GeoSpark SQL. K&t qua chi
ra rang PostGIS/PostgreSQL hoat dong t6t hon so
vGi GeoSpark SQL trong truy vin khdng gian c6
tinh chon loc cao nhw truy van dang diém hoic
truy vin theo ctra s6. Nhin chung, GeoSpark SQL
hoat dong t6t hon khi thuc hién cac phép truy vin
khéng gian nhw KNN va két n6i khong gian (Huang
va nnk,, 2017). STARK (Hagedorn va nnk., 2017),
thuc hién phan tich dir liéu khong gian-thoi gian
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trén Spark, 1a mét nén tang thich hop chit ché véi
Apache Spark, ho tro cac kiéu dir liéu khong gian
va thoi gian cling nhw cac thudt toan xi ly Fei Xiao
(2018) dé xudt hé thong xt ly dit liéu khéng gian
lé6m 4p dung cho gidm sat diéu kién dia 1y cda
Trung Quéc, gom bén 16p 1a lvu triv dir liéu khong
gian, RDDs khong gian, cac phép toan xtr ly dit liéu
khong gian va ngdn ngir truy van khong gian.

Muc tiéu ctia bai bao la nghién ctru giai phap
xt Iy &nh vé tinh trén nén tang dir liéu 1én Apache
Spark. Dit liéu &nh vé tinh dwoc tai vé va dwoc xir
ly bang cic cong cu Apache Spark. Sw phat trién
cia DataFrame da dwoc tiép tuc véi Spark SQL,
dwa DataFrames vao tinh toan phan tan dit liéu
khong gian 16n. Théng qua mot so cai tién mai,
Spark SQL cho phép cac nha khoa hoc dir liéu lam
viéc véi DataFrames qua 1ém so véi bd nhé cla
mot may tinh. Cic DataFrames nay c6 thé thao tac
qua SQL tiéu chudn, cling nhw cac ngdn ngir 1ap
trinh Python, R, Java, Scala (Hinh 1).

2.2. RasterFrames

Public and Private Imagery Intelligent Reading and Organizing

DataFrame-centric API

45

RasterFrames la mot dw an clha Eclipse
Foundation LocationTech, két hop phéan tich dir
liéu quan sat Trai dat, dién toAn ddm may va khoa
hoc dit liéu dwa trén DataFrame.

RasterFrames két hop truy cip dir liéu quan
sat Trai dat, dién todn ddm may va khoa hoc dir
liéu dya trén nén tang DataFrames. Cung cip kha
nang truy cip va hién thi dir liéu raster qua
DataFrames, thuc hién cic truy van khéng gian
thoi gian, cac phép toan dai so trén dir liéu raster
va kha nang twong thich véi cac thudt toan Spark
ML. Bang cach st dung DataFrames nhu mot mo
hinh tinh toan théng nhat, RasterFrames cho phép
cac nha phan tich, cac nha khoa hoc dit liéu, cac
chuyén gia vé khoa hoc khong gian dé dang lam
viéc véi dirliéu quan sat Trai dit trong cau truc dir
liéu DataFrames quen thudc (Hinh 2). Ngoai ra do
RasterFrames duwgc xiy dung trén nén tang
Apache Spark, cac gidi phap dwoc thir nghiém trén
may tinh tir khai pha di¥ liéu dén xt 1y cac tip div
liéu 16m c6 thé dé dang dwoc gidi han ty 1é dé chay
trén tai nguyén tinh toan phan cum va dam may.

Interactive Analysis

Jupyter

spaEnc

Scalable Compute

Hinh 1. Xi¢ ly di¥ liéu khong gian trén nén tdng Apache Spark.

Sp:

GeoTrellis Layers TitleLayer RRD

Phép todn
khing gian
trén lop

ark

DataFrame

l Lién két khong gian

khéng gian hgc bin d

Phin
tich
thing ké

d
N\

Hinh 2. Cdc thanh phdn cdu thanh nén RasterFrames.
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Thong qua Spark DataSource, RasterFrames
c6 thé doc cac dinh dang raster khic nhau - bao
gom GeoTIFF, JP2000, MRF va HDF - va tir mot
loat cac dich vu, nhw HTTP, FTP, HDFS, S3 va
WASB. N6 ciing hd tro doc cac dinh dang vector
GeoJSON va WKT / WKB. RasterFrame c6 thé thuc
hién cac phép loc, chuyén doi, tong quat hoa, tai
chia mau va phan loai thdng qua hon 200 ham
raster va vector.

La moOt phidn cha dw 4n LocationTech,
RasterFrames dwoc xdy dung dwa trén nén tang
vitng chac dwgc cung cip béi GeoMesa (phép toan
khong gian), GeoTrellis (phép toan raster), JTS
(mo hinh hinh hoc) va SFCurve (1ap chi muc khong
gian thoi gian), tich hop cac khia canh khac nhau
cta cac dy an nay thanh mat thé théng nhit, phin
tich di liéu dwa trén DataFrame. Hinh 2 mo ta cac
thanh phan ciu thanh nén RasterFrames.

RasterFrames gi¢i thiéu mot kiéu dir liéu
riéng méi dwoc goi 1a tile cho Spark SQL. Mdi 6 tile
chira 2 ma trin 2 chiéu gbm cac gia trj “cell” (pixel)
vGi thong tin gidi thich s6 lwong cac 6 d6. Mot
“RasterFrames” la mot Spark DataFrame vé&i mot
hay nhiéu cot kiéu tile (Hinh 3). Mot cot tile
thudng biéu thi mot kénh anh doc 1ap cda dir liéu
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anh vién tham twong (ng véi mot dai song trong
dai quang phd, dwoc phan tach thanh tirng mang
c6 kich thwéc nhit dinh. RasterFrames ciing ho
trg dé 1am viéc vai dir liéu vecto véi dinh dang
GeoJSON. Ngoai cac cot tile, con quan ly thém cac
cot geometry (gi¢i han hodc pham vi/dwong bao)
xac dinh vi tri cta dir liéu, thong tin vé hé théng
toa do (crs) va cot timestamp biéu thi thoi gian thu
nhan dit liéu. Cac cot nay dwoc st dung trong cau
1énh WHERE khi thure hién truy van trén anh.

Dir liéu raster c6 thé dwoc doc tir mot s6
nguén. Théng qua API Spark SQL DataSource,
RasterFrames c6 thé dwgc xiy dung tir cac tip
hop GeoTIFFs, GeoTrellis Layers va danh muc cac
dit liéu thuc nghiém tir b div liéu Landsat 8 va
MODIS trén Amazon Web Services (AWS) Public
Data Set (PDS) (Hinh 4).

2.3. Di¥ liéu va viing thwec nghiém

Dit liéu dau vao str dung trong nghién ctru la
anh vé tinh MODIS Nadir BRDF-Adjusted Surface
Reflectance Data Product 500m véi dinh dang div
liéu GeoTIFFs dwoc lay tir nguén Amazon Web
Services PDS.

geometry | timestamp crs tile tile tile
DataFrame Rq
WKT; DTS, EPSG, | Afo Moo o0 }(i.e_ M&;‘ao;as?riar?o:
SDpa;l;_ WKT; DTS: | EPSG. | Afhy | Ay | Afoqy
ataFrame -
WKT; DTS; | EPSGe | Afig; | Aho | Afg
WKT, DTS; | EPSG, | Afiqy | Ahy | Afg

f

Temporal Projected Extent

Tiled Raster Bands

Hinh 3. Kiéu dir liéu Tile str dung trong RasterFrame.

aCOG

Amazon PDS H
(experimental)

-

GeoTrellis
Layers

......

STAG
(in development)

[

Spark SQL DataSource API

ix: RasterFrames

Hinh 4. Cdc nguon dir liéu raster st dung trong RasterFrames.
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Dit liéu anh MODIS dwgc thu nhan trong

khoang thoi tir thang 01/1/2013 dén thang acquisition_date timestamp
31/12/2015 cho khu vuec tinh Phti Tho (Hinh 5). gid string
S6 lwong anh cung cip bdi Amazone Web b01 string

Services PDS 1a 2 canh anh trong mdt ngay va b01lga string
thudc tinh cta anh sé dwgc thé hién dwéi dang b02 string
lwoc d6:

col_name data_type b07qa String

product_id string

Ngoi Tha
Y, % Tuyén Quang

MODIS trén Amazon PDS

Yén'Bai Son Duong

-4

s H
<
\ HaHoa
Ny
X
TranRhu Phurarig X4
R n
Song Thao 7 Hoa Son
“we-Phong.Chau 2 2
. Tioh
Tinh Phi R
Tho <
" Hi
en
Thanh'Son Vinh Tudng
Thanh VinhThinh
ba Bac Luong Son
\ i -
Hinh 5. Khu vurc nghién ctru.
Dir ligu vector
(geojson.io)
Scene
List
v
Granules
[ .
1 DataFrame
GeoTIFF
RasterFrames
T

Tim nap cac
tile do va NIR

Bura hinh hee khu vye vé
cung mégt CRS nhwr anh

Xac dinh tiles cua
Khu vire nghién ciru

Biéu d6 NDVI
theo théi gian

Hinh 6. Lwu do gidi thudt chi tiét phan tich chudi thoi gian ctia NDVIL
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3. Phwong phap phan tich chuéi thoi gian
3.1. Phan tich chuéi thoi gian gid tri NDVI

Hinh 6 mo ta lwu d6 giai thuit x& Iy va phan
tich chudi thoi gian gia tri NDVI trén tap dit liéu
dau vao. Phwong phap nay c6 thé tom tat & cac
bwéc chinh nhw sau:

1. S& dung RasterFrames két noi dén nguén
dir liéu tir dich vu ddm may Amazon.

2. Xac dinh vung dit liéu ving quan tam va
thoi gian thu thap cta dir liéu anh.

3. Thuc hién cac tinh toan gia tri trén cac
DataFrames.

4. Thuc hién cac phan tich theo timg chudi
thoi gian.

5. Biéu dién cac két qua phan tich trén cac
biéu do.
3.2. Cai dat chwong trinh

O’ phin nay cia bai bao trinh bay cai dit giai
thuat phan tich chudi thoi gian v&i ngdn ngit
Python, cac buéc chinh cia phwong phap dworc cai
dat nhw sau:

- Két n6i dén ngudn div liéu Amazon

path="RG_PhuTho_offset1km_1.geojson’

PT_vector=spark.read.geojson(path)

cat=spark.read.format('aws-pds-modis-
catalog').load().repartition(50)

PT_cat = cat\

filter(

(cat.granule_id =="h27v06")&

(catacquisition_date >=1it('2013-01-01"))&

(catacquisition_date <lit('2013-12-01"))

JA\

.crossjoin(PT_vector)
- Xdc dinh vung div liéu va thoi gian thu nhdn dnh

raster_cols = ['B01', 'B02',] # red and near-
infrared dé tinh toan NDVI

PT_rf = spark.read.raster(

PT_cat.select(['acquisition_date', 'granule_id']
+ raster_cols + PT_vector.columns),

catalog_col_names=['B01','B02']) \

withColumn('PT_native',

st_reproject('geo_simp’, lit("EPSG:4326'),
rf_crs('B019))\

filter(st_intersects('PT_native',
rf_geometry('B01")))\

- Tinh todn NDVI

rf PT_tile = PT_rf\

withColumn('dims', rf_dimensions('B01")) \

withColumn('PT_tile',
rf_rasterize('PT_native',
rf_geometry('B01"),'OBJECTID’,
'dims.rows")) \

.Jpersist()

rf_ndvi = rf_ PT_tile \

withColumn('ndvi',
rf_normalized_difference('B02','B01")) \

withColumn('ndvi_masked', rf mask('ndvi',
'PT_tile"))

- Phan tich chudi thoi gian

'dims.cols’,

time_series = rf_ndvi\

.groupby/(

year(‘acquisition_date").alias('year"),
weekofyear(‘acquisition_date").alias('week'))\
.agg(rf_agg mean('ndvi_masked").alias('ndvi'))

- Biéu dién két qud phan tich
ts_pd = time_series.toPandas()
ts_pd.sort_values(['year’,
inplace=True)
pltfigure(figsize=(20,8))
pltplot(ts_pd['year_week'], ts_pd['ndvi'],'go-

'week'],

4. Két qua thwc nghiém

Chi s6 thuwc vat NDVI va sy thay doi gia tri
trung binh cia NDVI trong mdt khodng thoi gian
nhit dinh dwoc tinh toan dé chi ra sw bién doi 16p
pht thwe vat tai khu v tinh Phi Tho.

NDVI thudng str dung dé theo doi han han, dw
doan san xuit ndng nghiép, hd tro dw doan cac
khu virc chay rirng va lap ban dé sy xam lan sa
mac. NDVI dé€ theo doi tham thwc vat toan ciu vi
no giup 1am can bang cho viéc thay d6i diéu kién
chiéu sang, d6 doc bé mat, hwéng va cac yéu to
ngoai lai khac (Lillesand 2004). Chi s6 NDVI duogc
tinh toan theo ty so gitra kénh s6ng do (Red) va
kénh cin hong ngoai (NIR).

_ Band (NIR) — Band (Red)

NDVI =
v Band (NIR) + Band (Red)

Qua trinh x ly dit liéu thay vi dworc thue hién
trén tirng dit liéu raster ddc 1ap, RasterFrames
cung cip kha nang xtr ly trén mét tap hop cac dir
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liéu raster. Tap hop nay la mot danh sach cac URL
tham chiéu dén cac tép raster cling c6 thé 1a Spark

DataFrame, Pandas DataFrame, tép CSV hoac

chudi CSV.

Thuc nghiém két hop dit liéu ranh gi¢i khu
virc nghién ctru véi danh muc cac tép raster va chi

Showing only top 5 rows

xtr ly trén cac kénh anh dung dé tinh toan chi so
NDVI (Hinh 7).

Chi s6 thuc vat NDVI trong khoang thoi gian
tir1/1/2013 dén30/12/2015 dwoc tinh toan cho

toan bo dir liéu. Hinh 8 thé hién gia tri ctia thang
12/2013 dwgrc tinh toan, két xuat tir chwong trinh

BO1 BO2 PT_native extent crs
trwa;‘é‘%;'.:?ﬁﬁ%’; [1.0837511065018026E7, 2268379.0601196797, [eproj=sinu +lon_0=0.0 +x_0=0.0 +y_0=0.0

) ( TR 1.0956419120449172E7, 2386967.1155508263] +3=6371007.181 +b=6371007 181 +units=m |
[(,1033"‘21%"2'-;'535\;%"; [1.0837511065018026E7, 2268379.0601196757, [eproj=sinu +lon_0=0.0 +x_0=0.0 +y_0=0.0

( taieitad 1.0956419120449172E7, 2386957.1155508263] +3=6371007.181 +b=6371007.181 +units=m |

[(,1033%‘2'-;'%;\;%"; [1.0837811065018026E7, 2268379.0601196797, [#proj=sinu +lon_0=0.0 +x_0=0.0 +y_0=0.0

( Eiatad 1.0956419120449172E7, 2386987 1155508253] +3=6371007.181 +b=6371007.131 +units=m |

[(,maagﬁ‘g'fgﬁggé [1.0837511065018026E7, 2265379.0601195797, [+proj=sinu +lon_0=0.0 +x_0=0.0 +y_0=0.0

( Elettal 1.0956419120449172E7, 2386967 1155506263] +a=6371007.181 +b=6371007 131 +units=m ]

i oy T [1.0837611065018026E7, 2265379.0601196797, [+proj=sinu +lon_0=0.0 +x_0=0.0 +y_0=0.0

( EleAtal 1.0956419120449172E7, 2386967.1155508263] +a=6371007.181 +b=6371007.181 +units=m |

Hinh 7. Tdp hop cdc dir liéu raster str dung trong tinh todn chi s6 NDVI (Kénh séng P6 va cdn hong ngoai)
ctia dnh MODIS.

el

Hinh 8. NIDV tai 12/2013 va bdn dd hién trang.
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va ban d6 hién trang 1ép phu thye vat nam 2013
cda tinh Pht Tho. Két qua cho thiy do chinh xac
cda phwong phép tinh toan dé xuit. Khu vuec trén
anh c6 gia tri NDVI cao (>0.6) twong ng vdi ving
16p phu rirng (méu vang) trén ban doé 16p phda.
Tiép theo, phan tich theo chudi thoi gian dwoc
thiét1ap bang cach str dung gia tri NDVI trung binh
theo tuan trong khoang thoi gian nay tai khu vue
tinh Phu Tho bang viéc str dung cac ham tinh todn
dwa trén nhém va thoi gian duoc tich hop sdn trén
Pyspark va ham tip hop cla RasterFrames dé
thuc hién viéc tinh todn. Hinh 9 biéu dién gi tri
bién dong NDVI theo tuin trong cic nam 2013 va
2015. Két qua cho thiy do6 bién dong & 2 nam la

kha dong déu. Gia tri NDVI trung binh cé xu
hwéng gidam manh tir khoang thang 11+3 nam sau
chirng to thwc vat dang trat 14 c6 thé do thoi diém
nay la mua khd. Ttr thang 4+10 gia tri NDVI trung
binh ting chirng t6 thuwc vt dang dan phat trién
on dinh do thoi diém nay 1a mtia mwa khong bi
han hén, chay rirng, nhiéu 4nh ndng mait troi giup
thuc vat quang hop tét.

5. Két luin

Phwong phap xt ly va phan tich dir liéu anh
vé tinh dua trén nén tang Apache Spark két hop
véi thwe vién x ly dir liéu khong gian
RasterFrames. Dit liéu dau vao 1a tip cac anh
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Hinh 9. D6 thi biéu dién xu hwéng trong chudi thoi gian NDVI (1/2013-12/2013 va 1/2015- 12/2015).
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vé tinh MODIS dworc thu nhan trong khodng thoi
gian tir thang 1/2013 dén thang 12/2015 khu vuc
tinh Pht Tho. Chi s6 NDVI theo chudi thoi gian
dwoc tinh todn va phan tich dé danh gia sy bién
déi ctia 16p phu thue vat tai khu viee nghién ciru.

Phurong phap dé xuat cho thiy kha ning mé
rong dé cé thé xt ly lwong dir liéu 1ém va két noi tir
nguén dit liéu phong phd. Cac két qua thuc
nghiém dwoc thyc hién trén mét may tinh, tuy
nhién c6 thé mé réong thanh 1 cum tinh toan dwa
trén nén tang Apache Spark. Két qua bai bao da
g6p phan khang dinh vai tro clia cic nén tdng cong
nghé dir liéu 1én, dién todn dam may, khoa hoc dir
liéu trong cac bai todn lién quan dén quan ly, giam
sat tai nguyén thién nhién va moéi tredng. Thuc
hién cac phén tich da thoi gian phirc tap hon dé c6
nhitng danh gia chi tiét va mé rong ngudn dir liéu
anh dau vao 1a mot trong nhitng huéng nghién
ctru tiép theo.
Loi cdm on

Két qua nghién ciu nay la mot trong nhirng
ndi nghién ciru cta dé tai “Xt ly anh vé tinh trén
nén tang dit liéu 16n ”, Ma s6 T19-29.

Nhém nghién ctru xin chin thanh cadm on bé
tai da ho tro cho nghién ctru ndy.

Nhirng dong gop cua tac gia

Noi dung khoa hoc cia bai bao c6 sw dong gép
cla tat ca cac tac gia, cu thé:

Nguyén Thi Mai Dung: d& xuit phwong phap,
chinh st¥a ban thao bai bao; Vi Thi Hoai Thu: cai
dat chwong trinh, viét ban thao bai bao.
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