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NGHIEN CUU THU NGHIEM KET HQP MOI TRUONG LAM VIEC
GOOGLE COLABORATORY VA PHUONG PHAP HQC MAY
(MACHINE LEARNING) TRONG PHAN LOAI ANH VIEN THAM

PHAM MINH HAI®, NGUYEN NGOC QUANG®

WVién Khoa hoc Po dac va Ban do, ?Cuc Vién tham Quéc gia

Tém tit:

Khi @6 chinh xdc va mdt d¢ dir liéu tang theo thoi gian, khoi lwong dit liéu tang theo cdp s6 nhén
nén do thuwce s la nguon dir liéu vé cing khong 16 ma trong nhitng ndm gan déy c¢é ding thudt ngiv
“Big data” dé mé ta . Dit liéu vién tham la di liéu cé cdu triic phire tap, nhiéu dinh dang do dé can
phi thiét ké hé thdng c6 kién triic heu triv logi big data vién tham nay. Bén canh do6, mét méi truong
co the xw ly VO'l toc dg nhanh, kha ning vmg dung d’u’()’c cdc phirong phdp hoc may d@é xir Iy dir liéu
vién tham can dwoc quan tam nghién ciru phat trién. Trong pham vi bai bdo nay, nhém nghzen clru
da thw nghiém tinh kha dung cua moi truong Google Colaboratory phuc vu phdn loai anh vién tham.

1. Giéi thiéu chung

Trong nhitng nim gan day, sy phat trién cong
nghé sb di khoi xudng viéc phd bién dir licu
vién tham rong rai téi nguoi st dung. Hién tai,
da c6 hon 1000 vé tinh vién tham da dugc phong
lén quy dao [1] va dir li€u thu dugc tai tram thu
anh vé tinh dugc luu trit nhiduTerabyte mdi ngay
[2]. Theo thong ké cua Hé thdng thong tin va di
liéu hé théng quan sat trai dat (EOSDIS) niam
2014, EOSDIS quén ly hon 9 Petabyte dir liu va
hang ngay nhéan thém 6.4 Terabyte vao kho luu
trit (NASA 2016). O co quan vil tru chdu Au
lugng dir ligu anh vién tham thu nhan duoc da
vuot qua 1.5 Petabyte [3], con néu xét tong dung
lugng dir ligu vién tham d3 thu nhan duoc thi da
dat t&i don vi Zetabyte (10e9 Terabyte) [4].

Khi dd chinh xac va mat d¢ dir licu tang theo
thoi gian, khéi luong dit liéu ting theo cip sb
nhan nén do thyc su la nguén dir liéu vo cung
khéng 16 ma trong nhitng ndm gan day c6 ding
thuat ngir “Big data” dé mo ta [5] ma gio thyc té
da cong nhan dir liéu vién tham la ‘big data’.
Thém vao do, dit liéu vién thim c6 cu trac rat
phuc tap, nhiéu dinh dang nhu Geotiff, ASCII,
HDF,...va khoéng c6 sy tuong tac gitia cac loai
dit liéu tir cac vé tinh vién tham khac nhau do do
can phai thiét ké hé thong c6 kién trac luu trix

loai big data vién tham nay. Mot van dé nita la
xir ly dir liéu vién tham dat ra yéu ciu cao vé
hi€u nang tinh toan. Mot mat, voi sy cai tién lién
tuc vé chat lugng va do chinh xac cua du ligu, dir
li€u c6 d6 phan giai cao hon can duge xir ly; mat
khac, voi sy phat trién cia cac thuit toan nhu
machine learning va deep learning, cac thuét
toan xir Iy dir liéu vién tham ngay cang tro nén
phuec tap.

Dé giai quyét cac van dé trén, cac nha khoa
hoc d3 nd luc tap trung vao tinh kha dung cua dit
lidu vién tham va kha nang xir ly. Dé dam bao
tinh san sang 0 muc dJ cao cua dir ligu vién
tham, cac hé thong luu trit phan tan da duoc ap
dung rong rai. Tiéu biéu nhu MongeDB, mot co
so dir liéu phan tan ban dau hd tro ca luu trir va
1ap chi muc dir liéu vién tham va dit lidu vecto
[6,7]. Hé thong tép phan tan Hadoop (HDFS)
dugc ap dung dé co thé luu trix tit ca céc loai dit
liéu vién tham, n6 da chung to la vuot trdi so voi
hé thdng tép cuc bd [8,9]. V&i co so dir licu
NoQuery ciing ¢6 thé luu trir dir liéu vién tham
nhu HBase. Ngoai ra, cac hé thong ludi toan cau
riéng biét (DGGS) va mot sb cach tiép can to
chuc dir li¢u khéc cling giup 1ap chi muc va xac
dinh t6 chire dir liéu hang. HPC dua trén cluster
va cloud 14 hai kiéu chiém wu thé nhat dé xu ly
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vién tham. CAu trac ciia Master-Slave giup 1ap
ké hoach va thuc hién xi ly vién tham phuc tap,
diéu nay ching to cai thién dang ké hiéu qua cta
tinh toan trong xu 1y dir liéu vién tham. OpenMP
cung cép hiéu sudt tinh toan linh hoat, c6 thé mé
rong va c6 kha nang tinh toan.

Ngoai cac giai phap riéng 1é, mot s6 nén tang
hop nhat dugc dé xudt dé cung cp giai phap
xuyén sudt cho vién tham dir lidu 16n. Google
Earth Engine (GEE) 1a mot cai tén khong con xa
la dic biét voi ngudi sir dung ¢4 nhan-con nhidu
han ché vé ha tﬁng luu trir va tinh toan hiéu nang
cao, GEE cung cip quyén truy cap dé dang dé st
dung cac tai nguyén tinh toan dwa vao nén tang
cloud-computing cho cac bd dit liéu vién tham
quy mo lon. Tuy nhi€n, GEE khong phai la
ngudn mé va khong thuan tién khi xir 1y cac bd
du liéu riéng véi tai nguyén may tinh riéng cia
ngudi dung mic du day 1a mot nén tang xu ly dit
liéu 16n rat thanh cong.

Vi thé Google Colaboratory (GC) ra doi dé
hoan thanh ndt st mang trén, rat phu hop dé giai
cac bai toan doi hoi hiéu nang tinh toan 16n, tich
hop san cac framework nhu Tensorflow, Keras
va PyTorch dé hd tro cho deep learning va dic
biét 1a hoan toan mién phi cho nguoi sir dung,
dap tng duoc nhu cau trong linh vuc nghién ciru
va giao duc ma khong phai chon gidi phap thué
dich vy cia Amazon Web Services (AWS) nhu
trudc kia. Trong pham vi bai bdo nay, nhom
nghién ctru da thir nghiém tinh kha dung cua un
dung moéi trudng GC két hop véi phuong phap
hoc may trong phan loai anh vién tham.

2. Khai quat vé Google Colaboratory

Google da rat tich cyc trong nghién ciru vé
Tri tu¢ nhan tao (Al), trong nhi¢u nam Google da

phat trién mot nén tang Al goi 1a TensorFlow va
cong cu Colaboratory. Colaboratory hay goi don
gian Colab, cung cdp dich vu cloud-computing
mién phi str dung moi truong Jupyter notebook
nén khong yéu cau phai cai dat dé s dung, cing
véi Google docs nhidu nguoi st dung co thé
cong tac cung lam viéc mot luc trén mdt chuong
trinh.

Hién tai, Colab cung cip dich vu dién toan st
dung GPU (Tesla K80) va TPU (TPUv2) ti da
12 gi&r cho mdi phién 1am viéc, sau 12 gi&r Colab
s& chi dinh mot may ao khac dé phuc vy, chu ky
ctr thé lap lai va khong c6 gidi han cho viée co
bao nhiéu may 4o co thé duoc sir dung thong
quan mot tai khoan. Mot diém can thiét phai luu
y 1a sau thoi gian phién lam viéc 1a 12 gio, nguoi
sir dung s& bi mit quyén truy cap vao may 4o da
duoc chi dinh d6 khi d6 tit ca cac bo dit liéu, cac
tham s6 mo hinh s& khéng dugc luu vao 6
Google, vi vay hdy dam bao viéc sao luu quick-
look ciing nhu cac tham sb mo hinh theo dinh ky,
néu khong s& phai training lai tir dau.

Google Colab dugc khuyén cao khi thir
nghiém moi truong GC véi cau hinh may tinh:

- Processor: Intel Xeon 2.3GHz (04
Processor, 1 Processor: 02 Cores)

- Ram memory: 25Mb

- Memory: 34 Gb

- Graphic: GPU

(Xem bang 1)

Tuy nhién, nhom thuc hién nghién ctru da thur
nghiém & cau hinh thap hon dé kiém tra tinh kha
thi khi vén hanh xt 1y dit liéu ¢ moi truong may
tinh c6 toc do trung binh:

Bdng 1: Cdc théng sé ky thudt khéc cia cau hinh may tinh dwoc gidi thiéu khi sit dung GC

NVIDIA-SMI 440.48.02 Driver Version: 418.67 CUDA Version: 10.1
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- Processor 2.7 GHz Core 15 (1 Processor 02
Cores)

- Ram memory: 8Gb DDR3 1867 Mhz,
- Graphic: Intel Iris Graphics 6100 1536 Mb

3. Thir nghiém véi phuwong phap phan loai
Kmeans Classification va Random Foresr

Duéi day la thtr nghiém Gng dung Google
Colab (GC) trong xir 1y dit liéu vién tham cuy thé
1a phan loai dir liéu vién tham dé thay dugc st
manh tinh toan ctia GC so v6i may tinh thong
thuong. Phuong phap phan loai sir dung bd thu
vién machine learning Sklearn hd trg' cho ngon
ngit 1ap trinh Python. Phan loai anh vién tham la
mot cong doan xir Iy mat rat nhiéu cong va thoi
gian tinh todn bang may tinh thong thuong ton tir
vai gio dén hang chuc gio, dic biét véi phuong
phap phéan loai c6 giam sat doi hoi phai training
mot lugng 16n mau trén anh.

Phuong phép thuc hién tién hanh phan loai
anh cho ca phuong phap phan loai khong gidm
sat theo phuong phdp Kmeans Classification va
phuong phap phén loai c6 giam sat tuong ddi uu
viét hién nay la Random Forest Classification.

a. Két qua thir nghiém voi phwong phdp
phan logi Kmeans

Nhoém nghién ctu st dung anh Spot-5 do
phan giai 2.5m, 4 kénh pho c6 kich thudc 6016
x 5872 pixel voi dung lugng 142 Mb. Phuong
phép phan loai Kmeans dugc thtr nghiém dua
vao thu vién Sklearn viét trén ngdn ngit lap trinh
Python 3.7, v&i sb 16p can phan loai 14 10, vong
lap tinh it nhat 1a 10 va t6i da 1a 300, thuat toan
Kmeans bao gom ‘auto’, “‘full” va ‘elkan’, thir
nghiém nay dat ‘auto’. Két qua phan loai
Kmeans cho thay thoi gian chay trén ting dung
lap trinh xu 1y trén may tinh 1a 208.13 pht, con
thoi gian chay trén GC la 15.23 phut. (Xem hinh
1,2)

import time
b = time.time(})

kmeans( )

e = time.time()

print('Done in {} mins'.format(round((e=b)/60:2)))

Kich thudc &nh: (5872, 6016, 4)
Kich thuSc &nh mdi: (35325952, 4)
Kich thudc X: (35325952, 4)

Kich thudc X_cluster: (5872, 60L6)
Done in 208.13 mins

phap Kmeans trén may tinh ca nhan la 208.13
phut

Téng thi gian chay phan loai theo phwong Téng th&i gian chay phan loai theo phwong

i ) import time

b = time.time()
kmeans{ )

@ = tims.time()

print('Dome fin {} mina’.forsat{cound({e-bB)/60,2)))

| [ Fich thude dah:
1 Eich thudc dnh

52, 4)
e (387, 60L6)
Done in 15,23 mins

phap Kmeans trén Google Colab la 15 23 phit

Hinh 1: So sanh thoi gian tinh toan giita hai méi truong trén may tinh ca nhdn

Anh Spot-3 @5 phén gidi 2.5m, 4 kénh phd cé
kich thwoc 6016 x 5872 pixel von dung hrong
142 Mb.

Két qua phén loai theo phwong phdp Kmeans
st dung thir vién machine learning Skleam.

Hinh 2: Két qud phan logi anh vién tham sir dung thir vién machine learning Sklearn
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b. Két qud thiv nghiém véi phwong phdp
phén loai Random Forest Classification

Nhom nghién ctru st dyng dor li€u thu
nghiém la anh Spot-6 d6 phan giai 1.5m, 3 kénh
phé ¢o kich thude 9375 x 8989 véi dung luong
506 Mb. Bang giai doan (training data) gdm 10
mau. Trong d6 mau it nhat gdbm 1352 pixels, mau
nhiéu nhat 12 83607119 pixels.

Thuat toan Random Forest Classification
duoc thtr nghiém dya vao thu vién Sklearn viét
trén ngdn ngit 1ap trinh Python 3.7. Tham sb dau
vao cua thir nghiém gdm: s trees 1a 200, kiéu
‘Gini’, mau nho nhét c6 thé chia: 2, sd leaf nho
nhit:1, n_jobs: 2.

Két qua thir nghiém nay cho thdy méy tinh xir
Iy hét 346.2 phiit con GC chi méat 13.6 phut dé
hoan thanh. (Xem hinh 3, 4)

4. Két luin

Két qua thir nghiém da minh ching loi thé vé

thoi gian tinh toan cuia GC, dac biét voi cac bai
toan st dung dir li€u c6 dung lugng 16n thi GC
cang té ro su vuot trdi voi tdc do tinh toan gép
dén 25 14n so v&i may tinh thong thuong véi thir
nghiém phan loai Random Forest Classification.
CG van phat huy dugc hi¢u suét xir Iy dir ligu
nhanh khi sir dung v6i may tinh cd nhan thong
thudong. Voi tng dung tri tu¢ nhan tao (Al) ngay
cang phat trién chong mat dac biét trong linh vuc
tmg dung tir anh vién tham thi GC da mang t6i
mot co hdi 16n cho nguodi s dung, do 1a mot
cong cu hd trg cuc ky quan trong mang tinh
quyét dinh ma khong phai tra bat ky khoan phi
st dung nao.

GC ciing c6 thé xem xét nhu 1a mot ngudn
cung cip ha tdng tinh toan hiéu ning cao, kém
theo mot ha ting luu trit théng qua Google Drive
VO‘l muc phi hop 1y (néu vuot qua dung luong
cdp mién phi cua Google) cho cac co quan
nghién ctru va ung dung nhim cit giam han
nhitng chi phi khong can thiét dé trang bi hé

w1) |1 Oaing Backosd ThreadisgRaciesd wiis 2 concurress warke
sy i

oan ]‘i (lllj
=1} 11 fone 338 oot of 3%
it nila)fenvs (ragie_pyiiil
l-. el fitsnyn/ adm Lnfona ks RF/ Banits

3tk antn Cintated
o1 |
S/CLann/B6_1915_Fels_2ob.rif

nalna u

Tong thdi gian chay phin loa theo
phwong phap Random Forest trén may
Machook Pro la 346.2 phit

iow costzast Leage’ ¥ foame)

Téng that gian chay phan loai theo phiwvong
phap Random Forest trén Google Colak 13 13.6
phnt

Hinh 3: So sanh thoi gian tinh todan giita hai moi truong trén mdy tinh cd nhan

Anh Spot-6 46 phan giai 1.5m, 3 kénh phd

506 Mb.

Két qua phan loai bing phwong phip Random
co kich thiede 9375 x 8989 vai dung leong  Forest Classification st dung thir vién machine
learning Sklearn.

Hinh 4: Két qua phan logi danh vién tham sir dung thw vién Random Forest
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théng phan ctng, phan mém kém kinh phi duy
tri hoat dong va bao tri bao dudng h¢ thong dinh
ky.O

Tai liéu tham khao

[1]. Drahansky, M.; Paridah, M.; Moradbak,
A.; Mohamed, A.; Owolabi, F.; Abdulwahab, T.;
Asniza, M.; Abdul, K.S.H. A Review: Remote
Sensing Sensors. IntechOpen 2016, 17, 777.
[Google Scholar]

[2]. Gamba, P.; Du, P.; Juergens, C.; Maktav,
D. Foreword to the Special Issue on Human
Settlements: A Global Remote Sensing
Challenge. IEEE J. Sel. Top. Appl. Earth Obs.
Remote Sens. 2011, 4, 5—7. [Google Scholar]
[CrossRef]

[3]. He, G; Wang, L.; Ma, Y.; Zhang, Z.;
Wang, G.; Peng, Y.; Long, T.; Zhang, X.
Processing of earth observation big data:
Challenges and countermeasures. Kexue
Tongbao Chin. Sci. Bull. 2015, 60, 470-478.
[Google Scholar]

[4]. Guo, H.; Wang, L.; Chen, F.; Liang, D.
Scientific big data and Digital Earth. Chin. Sci.
Bull. 2014, 59, 5066-5073. [Google Scholar]
[CrossRef]

[5]. Chang WL, Grady N (2015) NIST big
data interoperability framework: volume 1, big
data definitions (No. special publication (NIST
SP)-1500-1).

Summary

[6]. Huang, B.; Jin, L.; Lu, Z.; Yan, M.; Wu,
J.; Hung, P.C.K.; Tang, Q. RDMA-driven
MongoDB: An approach of RDMA enhanced
NoSQL paradigm for large-Scale data process-
ing. Inf. Sci. 2019, 502, 376-393. [Google
Scholar] [CrossRef]

[7]. Li, C.; Yang, W. The distributed storage
strategy research of remote sensing image based
on Mongo DB. In Proceedings of the 2014 3rd
International Workshop on Earth Observation
and Remote Sensing Applications (EORSA),
Changsha, China, 11-14 June 2014; pp.
101-104. [Google Scholar]

[8]. Liu, X.; Han, J.; Zhong, Y.; Han, C.; He,
X. Implementing WebGIS on Hadoop: A case
study of improving small file I/O performance
on HDFS. In Proceedings of the 2009 IEEE
International Conference on Cluster Computing
and Workshops, New Orleans, Louisiana, 31
August—4 September 2009; pp. 1-8. [Google
Scholar]

[9]. Lin, F.C.; Chung, L.K.; Ku, W.Y.; Chu,
L.R.; Chou, T.Y. The framework of cloud com-
puting platform for massive remote sensing
images. In Proceedings of the 2013 IEEE 27th
International Conference on Advanced
Information Networking and Applications
(AINA), Barcelona, Spain, 25-28 March 2013;
pp. 621-628. [Google Scholar].O

Using Google Colaboratory with machine learning for the satellite image classification

Pham Minh Hai, Vietnam Institute of Geodesy and Cartography

Nguyen Ngoc Quang, National Remote Sensing Department

As an increase in the accuracy and types of data, a thousand of Terabytes of spatial data has
become an huge data source recently called “Big data”. Remote sensing data has complex data struc-
ture and many formats, so that it is necessary to develop an environment for the purposes of data
processing and data storage. In addition, that environment can process satellite data fast and stably,
and be able to apply machine learning methods for processing remote sensing data. In this manu-
script, we will take an investigation in using Google Colaboratory with machine learning for the

satellite image classification.Q
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