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Tém tit: Co so dit liéu khong gian dan tré nén phd bién va duogc sir dung rong rii trong
nhiéu linh vuc nhd sy phat trién ciia cong nghé trong viée thu thap dir liéu. Luong co so dur
liéu khong gian phong phi duoc thu thép tir cac vé tinh, cam bién va cac thiét bi khac c6
thé gitip cai thién ket qua cua cac tac vu phan tich nhung ciing tao ra thtr thach trong viéc
xtr Iy dir liéu. Mot s6 cong trinh nghién ctru dd dé ra cac giai phap xir ly dbi vé6i co so dir
liéu khong gian c6 kich thude 16n nhu tao chi muc, thu giam s6 chiéu dir lidu. Trong bai bao
nay, chung toi s& trinh bay hai phuong phéap dé t6i wu viéc luu trir va truy van dit liéu khong
gian. Tht nhét, chung toi dé& xuat mot phuong phap nén hinh anh dang raster dé thu giam
kich thuéc nhung khong mat thong tin cta dir liéu. Ngoai ra, chung t6i ciing dua ra mot sd
k¥ thuat dé t6i wu thoi gian thyc thi cau truy van. Két qua cho thiy phuong phap dé xuét
clia chung t6i giup cai thién thoi gian thuc thi truy van dong thoi thu giam duoc khong gian
luu trir dir liéu.

Tir khéa: Dit lidu khong gian; Nén anh raster; Truy van khong gian; T6i wu truy vén.

1. Giéi thi¢u

Co s0 dir liéu khong gian 1a mot kiéu co s6 dit liéu hd tro luu trit va xi 1y nhitng dit li¢u
lién quan dén cac dbi tuong trong khéng gian hinh hoc nhu diém (Point), dudng thang (Line),
da giac (Polygon) hodc nhimg cau trac dir liéu thong tin dia ly. Ngay nay, co s¢ dir li¢u khong
gian dan phd bién va c6 vai tro ngay cang trong trong doi séng voi cac img dung trong nhiéu
linh vyc khac nhau nhu dy doan cac van dé ve moi truong, quy hoach, thiét ke do6 thi . Khac
v6i cac kiéu co sd dir liéu truyén thdng cha yéu chi luu trir dit liéu ky tu va sb, sy phirc tap
cta dir liéu khong gian doi hoi phai chu trong sy tdi wu hoa trong viée luu trit, xir 1y. Nhiéu
cong trinh nghién ctru da dé xuat cac phuong phap dé xu 1y co so dit liéu khong gian nhu tao
chi muc dé hd tro viéc truy van[1 ], thu giam chiéu dit lidu [2], xu ly song song [3] nham muc
dich cai thién hiéu sudt xir 1y. Phan con lai cta bai bao duoc to chire nhu sau: Phan 2, cung
cap mot sb co so 1y thuyét lién quan dén co so dir liéu khong gian. Phan 3, trinh bay phuong
phap dé xuat dé t6i uu viée luu trit va truy van dit liéu khong gian. Phan 4, mo ta vé dir liéu
va két qua thuc nghiém. Phan 5, két luan.

2. Co s6' Iy thuyét
2.1. Mt 56 khdi niém
Dir liéu khong gian (spatial data) 1a dang dit lidu lién quan dén cac thong tin dia 1y cua

cac thuc thé trong thé gidi thuc hoac sy 1ién hé gitra vi tri gilra cac thuc thé. Dua theo dic
diém, dir liéu khong gian dugc chia thanh 2 loai: dit liéu Raster va dit liéu Vector.
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Dit liéu Raster duoc biéu dién dudi dang mét ma trén gém nhiéu hang va cdt, mdi 6
trong ma trén luu trit cac gia tri lién quan dén thong tin dugc biéu dién [4], vi du nhu anh vé
tinh.

Dtr liéu Vector gém céc diém toa do duoc lién két voi nhau trong khong gian 2 hoac 3
chiéu tao nén cac duong thing, da giac, mit phang [4]. Vi du cac ddi twong con dudng, dong
song, ngdi lang c6 thé biéu dién dudi dang nhiéu dudng thing hodc nhiéu da giac trong cac
hé thong thong tin dia ly.

Truy van khong gian (spatial query) 1a kiéu truy van nhim tim kiém du liéu trong mét
co so dit liéu khong gian theo mot sb didu kién cu thé do nguoi dung cung cap [5].

Chi muc dir liéu khong gian (indexing spatial data) la mét co ché cho phép thu giam
khong gian tim kiém trong qu4 trinh truy van dir liéu [6].

Neén anh (image compression) la qua trinh nén dir liéu trén cac anh s6 (digital image) dé
giam b6t su du thira vé dit 1iéu nham muc dich giam kich thuge khong gian luu trir va thoi
gian xir y. Hai k¥ thuat nén thuong duoc ap dung dbi voi anh Raster 1a: Lossless [7] va Lossy
[7].

Lossless 1a k¥ thuat nén gom cac giai thuat thu giam kich thudc di liéu nhung van dam
bao thong tin. DT liéu sau khi nén bang cac k¥ thuat Lossless co thé khoi phuc lai nhu dix
lidu gdc ban dau. Mot s6 giai thuat nén Lossless nhu: Huffman Coding [ 8], Arithmetic Coding
[9], LZW (Lempel-Ziv—Welch) [10].

Lossy 1a ky thuat nén gom cac giai thuat thu giam kich thudce dir li¢u nhung bi mat mat
thong tin va dir liéu sau khi nén khong thé khoi phuc lai nhu dit liéu gbc ban dau. K§ thuat
nén Lossy duoc str dung trong nhimng truong hop khong quan tim nhiéu dén chi tiét thong
tin dir liéu ma chi can sy chinh xéac twong ddi. Phuong phap nén Lossly thuong duoc st dung
nhat 14 bién dbi cosin roi rac [11] (Discrete Cosine Transform — DCT).

2.2. T6i wu xi Iy dit liéu khong gian

Tbi wu xtr Iy dir liéu khong gian gom céc k¥ thuat dung dé tim kiém giai phép t6i wu khi
xtr 1y céac dit lidu co cau trac phirc tap hodc kich thudc 16n, cac k¥ thuat toi wu lién quan dén
viéc tdi thiéu héa hodc tbi da hoa cac ham muc tiéu thoa man cac diéu kién cu thé.

Trong phan nay, chung toi gidi thidu hai k¥ thuat thuong duoc sir dung trong viée tdi wu
hoa xur ly dit liéu khong gian 1a 1ap chi muc va x1r ly song song.

Chi myc dir liéu khong gian dugc st dung dé tang toc do truy van 1ay dit liéu bang cach
ap dung mot s6 céu tric dir liéu. Cau truc dir liéu thuong dugce st dung nhét 1a R-Tree [12]
va mot s6 bién thé ciia nd nhu R*-Tree [13], R+-Tree [14]. Y tuong ctia R—Tree 1a t chirc
dit liéu theo cdu triac dang cay, nhitng ddi twong gan nhau duoc gop lai va dua vao cac hinh
chir nhat bién t6i thiéu (MBR — Minimum Bounding Rectangle) nham t6i thiéu khoang cach
va sy chong chéo giira cac ddi tugng. Ngoai R-Tree, nhiéu cau trac dir liéu khac ciing dugc
sir dung dé 1ap chi muc cho dit liéu khong gian nhu QuadTree [15] phan chia mét cach d¢
quy khong gian dir liéu thanh cac goc phan tu hodc cau tric Grid index [16] dya trén dinh
nghia mot ving gdm cac 6 lién tuc duge gan mot gia tri dinh dang dé str dung cho viéc 1ap
chi muc.

Mot co ché khac hd trg toi wu xir 1y dir liéu khong gian 13 thuc hién song song viéc xir
ly dit liéu dya vao cac mo hinh 18p trinh. MapReduce [3] 1a m&t mo hinh cho phép thuc hién
hi€u qua viéc xur ly song song dit liéu va dugc st dung rong rai hién nay. MapReduce su
dung hai thu tuc 1a map va reduce thyc hién phan chia dit 1i€u dé xir 1y va gop cac dir li¢u lai
sau khi da xur ly xong.

3. Phuong phap thuc hién

Trong bai bao nay, ching toi s€ trinh bay hai giai phap nham muc dich ti wu viée xir Iy
va luu trit dir li€u khong gian. Thir nhat, chiing t6i st dung phuong phap nén hinh anh dang
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Raster dé thu giam chiéu dit liéu trude khi thuc hién truy van. Tht hai, chung t6i thuc hién
thay thé cau triic 16ng trong cau truy van bang cach st dung phép ket va cau 1énh Case When.

3.1. Nén va truy van dit liéu anh vién tham dang Raster

K¥ thut nén dit liéu nham giam khong gian luu trir nhung van dam bao do chinh xéac
khi truy xuét dir liéu. Trong bai bao nay, chung t6i thyc hién nén di li¢u anh vién tham dang
Raster. Khi luu trit cac anh vién tham c6 kich thudc nho thi khong gian bo nhé luu trix c6 thé
khong can quan tdm. Tuy nhién d6i véi mot anh c6 kich thude 16n, bo nhé can dé luu trit s&
1a rat 16n (khoang 6.250.000 dong cho mot anh c6 kich thuéce 2500x2500 diém anh). Do do,
néu khong thuc hién nén dit li€u, viéc dua dir liéu Raster vao hé quan tri co sé dit li¢u s€ mét
rat nhiéu thoi gian va b nhd dé luu trit ciing s& rat 16n.

Viéc dau tién trude khi thuc hién nén anh 1a can phai xac dinh mot kich thudc nén X x
Y. Dua vao kich thudc nén, thuc hién quét toan bd ma trén con ctia anh c6 kich thuéc nén X
x Y (Hinh 1) va thuc hién bién ddi tat ca cac gia tri cua ma tran con dé thu giam kich thude
bang céac k¥ thuat nén Lossless hodc Lossly (Hinh 2).

1|2 |3 IO
1 | 97| 38 | 146 1
2 |125| 104 EN 2 1 2
3 | 80| 91 | 190 3
4 | 78 [ 72 | 140 4 3 4
Hinh 1. Anh kich thuéc 3%4. Hinh 2. Anh sau khi nén véi kich thudc nén 2x3.

Hinh 1 va hinh 2 dugc 4p dung k¥ thuat nén anh dang Raster voi kich thudc 2x3. Cac
diém anh s& dugc duyét tir trai sang phai va tir trén xubéng dudi, nhitng diém anh nam trong
ma tran 2 cot 3 dong s& duoc luu trong cing 1 Raster (Piém anh mau vang caa hinh 1).
Nhimg diém dnh ndm ¢ ving bién thi sé dong va s6 cot thudng nho hon 2 cot 3 dong tuy
nhién ciing s& dugc luu thanh 1 Raster riéng (Piém anh mau cam, mau xanh 14 va mau trang).
Hinh 2 cho thay nhiing diém anh thudc ciing mot mau s& duoc luu trong cing 1 Raster twong
ung voi rid (rid 1a dinh danh cta Raster) 1a 1, 2, 3, 4.

Dua vao cach nén anh trén cé thé suy ra cong thirc tinh gan dung s Raster dung dé luu
tri tat ca cac diém anh cua anh vé tinh khi 4p dung nén nhu sau:

S6 luong Raster dung dé luu trit = l\;zg

Trong d6 MxN: Kich thudc ctia anh v¢€ tinh; XXY: Kich thudc nén ctia ma tran XxY
diém anh trén 1 Raster.

Cong thirc chi tinh gan dung s6 lwong Raster vi ¢6 nhitng Raster sau khi nén s& khong
lwu ¢t ma tran X x Y gia tri diém anh do nam & ving bién cia anh.

Trong bai bao nay, chung t6i st dung thu vién cia hé quan tri co s¢ dit liéu PostgreSQL
dé nén dir liéu anh dang Raster, thuc hién luu trit va kiém tra hiéu suat xir 1y trén dir li€u sau
khi nén.

3.2. Toi uu hoa cdu truy van

Truy van 16ng 12 mot cau truy van hoan chinh bat dau bang ménh dé SELECT va duoc
dat 10ng vao mot cau truy van khac. Truy van 16ng co thé xuat hién trong ménh dé SELECT,
WHERE va modt ph?m cua ménh dé FROM. Péi v4i mot cau truy van c6 két qua tra vé 12 mot
s6 luong 16n cac dong, khong nén sir dung truy van 16ng trong ménh d& SELECT hoic
WHERE vi truy van 10ng d6 s& phai duyét qua hét timg dong. Do d6 thoi gian thuc thi sé& rat
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lau va hiéu suét s& bi anh huong, dac biét trong truong hop cau truy van 16ng c6 tham chiéu
dén cac thugc tinh cua cau truy van bén ngoai.

Dé tdi wu cau truy van trong qua trinh xur 1y dir liéu khong gian, ching t6i s& thuc hién
viét lai cAu truy van va thay thé cac truy van 1dng bang cach st dung phép két INNER—JOIN
két hop véi cau 1énh CASE WHEN nhiam muc dich cai thién toc d6 truy van. Viéc didu chinh
va chay thyc nghiém cac cau truy van dugc thuc hién trén hé quan tri co s¢ dir liéu
PostgreSQL.

4. Két qua thye nghiém

Nghién ctru tién hanh thuc nghiém trén co so dir liéu khong gian vé thong tin dia ly cua
khu viyec H6 Chi Minh va tinh khac. Két qua cho thay, phuong phap dé xuat cua ching t61
khong chi gitip thu giam khong gian luu trit dit liéu ma con giam thoi gian thyc thi truy van
nhung van dam bao dd chinh xac so vai khi thuce thi trén dit liéu géc ban du.

4.1. Thuc nghiém 1

Trong muc nay ching toi s& trinh bay két qua thuc nghiém khi thuc hién truy van khi
nén dir liéu v6i 3 anh vé tinh c6 kich thude 1an lugt 2500x2900 diém anh, 3800x3000 diém
anh, 4500x3900 diém anh c6 1 kénh nén véi kich thude 1an luot 12 10x10, 30x30, 50x50,
100%100, 200%200. Cau truy van thuc hién 15y ra tit ca cac gia tri Raster cua huyén Cau Ke
tinh Tra Vinh vdi cac kich thudc nén khac nhau tir anh vé tinh.

Bing 1. Bang so sanh thoi gian truy van, bd nhé lwu trix va thoi gian thém anh cua 3 anh vé tinh véi
cac kich thude khac nhau.

Kich thwée nén

10x10  30x30  50x50 100x100  200%x200

Auh B6 nh¢ luu trir (KB) 14670 8349 2355 213 22
n
Thoi gian import anh (s) 2106 299 37 31 25
2500%2900 .
Thoi gian truy van (ms) 68 88 115 278 1117
. B6 nh¢ luu trir (KB) 29696 16376 4356 443 29
Anh
Thoi gian import anh (s) 9929 1297 74 52 128
3800x3000 )
Thoi gian truy van (ms) 72 77 105 290 1266
. B§ nh¢ luu trir (KB) 48580 28715 76387 501 41
Anh
Thoi gian import anh (s) 15809 46128 85 79 260
4500x3900 )
Thoi gian truy van (ms) 65 77 97 267 1854

Dua vao bang 1, c6 thé the”iy néu nén Raster thi b nhé luu trit va thoi gian thém dir liéu
anh vé tinh dugc cai thién nhiu nhat, tdc d6 truy van co ting 1én tuy nhién khong dang ké.
Trong s céc kich thudc nén, 100x100 1a kich thudc vira dat duge su thu giam khong gian
luu trit nhung van dam bao téc do truy van.

4.2. Thuwc nghiém 2

Trong thyc nghiém thir hai, ching toi s€ so sanh téc do cau truy Van ¢6 chu trac 10ng va
céu truy véan st dung Inner Join két hop Case When dé thay the truy van 16ng. Cau truy van
duoc thuc hién 1a lay danh sach cac quén cua TP. HCM c6 tong chiéu dai duong ray xe lua
16n hon 1000 m.
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Bang 2. Cau truy van 13y dit liéu sir dung truy van 16ng va Inner Join két hop Case When.

St dung truy vAn lﬁng St dung Inner Join két hgp Case When
SELECT a.ten, (SELECT COUNT (*) AS cnt SELECT a.ten, COUNT (r.gid) AS cnt,
FROM vnm_roads as r COUNT (CASE WHEN ST_Length(r.geom) > 0.1

WHERE ST _Intersects(a.geom, r.geom) ) As cnt, THEN 1 ELSE NULL END)

(SELECT COUNT (*) AS cnt Ascnt_gt 1000
FROM vnm_roads as r FROM quan_huyen as a
WHERE ST _Intersects(a.geom, r.geom) INNER JOIN vnm_roads as r

AND ST _Length(r.geom) > 0.1) As cnt_gt 1000 ON (ST_Intersects(a.geom, r.geom) )
FROM quan_huyen as a GROUPBY a.ten

WHERE EXISTS (SELECT r.gid ORDERBY a.ten;

FROM vnm_roads as r

WHERE ST _Intersects(a.geom, r.geom) )

ORDERBY a.ten;

Bang 3. Két qua st dung truy vén 1dng va Case when két hop Inner—Joins.

Lan thue hién Sir dung truy van 1ong (ms) Inner Join két hgp Case When (ms)
Lan 1 100 68
Lan 2 96 73
Lan 3 98 68
Trung binh 99 70

Tir két qua bang 3, truy van c6 sir dung phép két Inner Join két hop ciu 1énh Case When
c6 thoi gian truy van nhanh hon truy van 16ng, thoi gian trung binh giam tir 99 ms xudng con
70 ms. Qua d6 co thé thay dugc su hiéu qua cua viéc thay thé truy van 16ng bang phép két
Inner Join két hop cau Iénh Case.

5. Két luan

Bai béo da gi6i thiéu hai phuong phéap gitp cai thién hidu suit trong viée xu 1y dir liéu
khong gian. Phuong phap nén dir liéu anh dang raster gitip giam khong gian luu trit nhung
van dam bao tinh chinh x4c cua dit liéu. Viéc st dung Inner Join két hop Case When thay thé
truy van 1dng cho thy su cai thién vé tbc do truy van. Ngoai ra hai phuong phap nay con cd
thé két hop v&i nhau va két hop vai cac phuong phap khac nhu 1ap chi muyc, xir Iy song song
dé nang cao hiéu suét trong viéc xtr 1y dir liéu khong gian.

Pong gop cua tac gia: Xay dung y tuong nghién ctru: L.H.T.; Lwya chon phuong phap nghién
ctru: L.H.T., D.N.D.P; Xur Iy s6 liéu: D.N.D.P., P.T.H.; Chay mé hinh: L.H.T., D.N.D.P.,
P.T.H.; Phan tich va danh gia két qua: L.H.T., N.K.L.; Viét ban thao bai bao: L.H.T.,
D.N.D.P., P.T.H., N.K.L., N.-T.H.; Chinh sta bai bao: L.H.T., D.N.D.P., P.T.H., N.-T.H.,
N.K.L.
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L&i cam on: Dé hoan thanh nghién clru nay, chung toi tran trong gui 161 cam on dén So Khoa
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cay trong nong nghi¢p chu lyc cua tinh Gia Lai”, Ma s6: KHGL-09-18.
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tac gia, chua dugc cong bo ¢ dau, khong dugc sao chép tir nhitng nghién cuu trudc day;
khong c6 su tranh chap lgi ich trong nhom tac gia.
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Abstract: Due to recent technological developments that have facilitated the collection of
large amounts of data, spatial data has become popular and has been widely used in many
areas. The rich spatial datasets, which come from satellites, sensors, and other devices, can
help improve results in data analysis tasks. However, it is also a challenge to address the
complexity of data processing. There has been some research work that proposed methods
for handling large spatial databases, such as indexing spatial data, reducing the dimension
of spatial data. In this paper, we present two effective methods for optimizing storing and
querying spatial data. In our method, we devised an image compression method that helps
in reducing the size of raster images but retains meaningful properties of the original data.
Furthermore, we implemented some query techniques to decrease the query execution time
for spatial data. Experimental results show that our proposed methods not only improve the
time of data query but also reduce the storage space.

Keywords: Spatial data; Raster image compression; Spatial query; Query optimization.
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