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TOM TAT

Quan |i tai nguyén khodng san la mét bai todn quan trong trong chién lwpc phdat trién bén
vitng ciia moi quoc gia; trong dé, co s¢ div liéu khong gian khodng sdan la mot thanh phan chinh
ciia hé thong quan |i. Ngdy nay, vdi sie phdt trién ciia cdc cong nghé thu thdp va xi |i thong tin, thi
dir liéu khéng gian vé tai nguyén khodng san ngay cang Ién. Diéu nay, da dat ra cho bai todn truy
van nhanh dir liéu khong gian véi hang triéu ban ghi tré nén phire tap. Dé gidi quyét bai todn dir
liéu khong gian lon, ki thudt Idp chi muc khong gian thuong dwoc sw dung. Trong bai bdo nay,
nhom tac gia sé ung dung ki thudt ldp chi muc khong gian trong xdy dung co so dir liéu khodng san
trén PostGIS; dong thoi, danh gid kha ndng truy van khong gian trong truong hop sir dung va
khong sir dung chi muc. Két qua cho thdy, thoi gian truy vdn khi siv dung chi muc khéng gian
nhanh hon rdt nhiéu.

Tar khéa: co so dir liéu tai nguyén khoang san; PostGIS; chi muc khong gian

1.  Giégithiéu

Viét Nam c6 ngudn tai nguyén khoang san phong pht, da dang voi hon 5000 diém
khai thac mé. Piéu ndy dong vai trdo quan trong trong viéc phat trién kinh té — xa hoi dat
nuée (Vo, 2012). Trong d6, mot sd loai o trir lugng 16n nhu b xit (672,1 triéu tan), apatit
(0,778 triéu tan), titan (15,71 triéu tn), than (3,52 triéu tan), dat hiém (1,1 triéu tan) va da
granit (15 ti m3)... V&i ngudn tai nguyén khoang san phong phti nhu vay, thi viéc quan I
chung trd thanh mot bai toan quan trong trong chién lugc phat trién bén viing cia qudc gia.
Diéu nay cang tré nén cap bach hon khi ma co s¢ dir liéu vé tai nguyén khoang san ngay
cang 16n; doi hoi can phai cé nhitng giai phap ki thuat hop |i trong xay dung co sé dit liéu
tai nguyén khoang san.

Cite this article as: Nguyen Sach Thanh, Nguyen Nhu Hung, & Dau Thanh Binh (2020). Application of spatial
indexing techniques for mineral resource database. Ho Chi Minh City University of Education Journal of
Science, 17(12), 2120-2129.
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Nam 2010, 12 quéc gia thuoc chau Au, bao gdm: Pan Mach, Ha Lan, Bi... di thanh
1ap du an EuroGeoSource. Day 1a dy 4n xay dung co s& dit liéu khong gian vé tai nguyén
khoang san nhu dau, khi, than da... Nguon dir liéu nay dugc luu trir trén co so dit lidu
khong gian PostGIS. Véi viéc xdy dung chi muc khong gian, ngudi ding c6 thé thuc hién
truy van nhanh thong tin dir liéu khoang san ctua EuroGeoSource thong qua hé thong phan
tan. Nam 2014, trong khuon kho chuong trinh hd tro ki thuat ctia Nhat Ban cho cac nudc
thanh vién ASEAN thudc linh vuc dia chat khoang san, Cuc Dija chat Khodng san Nhat
Béan di xay dung co s¢ dit liéu khong gian vé tai nguyén khoang san cia cac qubc gia
Pong Nam A. Ngudn dit liéu nay bao gdm cac thong tin vé vi tri cac mo khoang san, loai
khoang san, trit lugng du kién... Hé thong dit liéu di tan dung cach tao chi muc khong gian
ctia PostGIS, nhim dam bao viéc truy van thong tin nhanh trong méi truong WebGIS. O
Viét Nam, ciing c6 mot sé nghién ctru vé xay dung co so dit liéu khong gian tai nguyén
khoang san. (Nguyen, Le, Pham, & Nguyen, 2009) da xiy dung co so dit lidu dia chat
khoang san, dia chit moi truong va tai bién dia chat cac vung bién Viét Nam. Co s¢ dit lidu
nay duoc thiét ké, xay dung trong hé théng GIS phan tin nham cho phép ngudi sir dung tra
ctru cac dir lidu (dang bang, dang ban dd, dang anh...). Tuy nhién, cac nghién ctru nay
chua trinh bay cu thé vé ung dung ki thuat chi myc khong gian trong xay dung co s¢ dit
liéu tai nguyén khoang san gian nhiam dam bao viéc truy xuat nhanh ddi voi dir lidu 16n.

V6i sy phat trién manh mé& cua cac cong nghé tim kiém, thim do va cac ki thuat phan
tich, xur Ii thong tin da tao ra nguodn dir liéu khong gian tai nguyén khoang san trd nén vo
cung 16n. Piéu nay doi hoi giai phap thiét ké, xdy dung co s& dit liéu nay phai hop i (Du,
2009). Sy phat trién cta cac thuat todn vé cac ciu tric dit liéu khong gian trén may tinh da
tao ra cac ki thuat xu li nhanh viéc truy xuat dit liéu 16n. Mot trong nhiing ki thuat hay
dugc str dung 1a tao chi muc khong gian. Chi muyc giup viéc thao tdc mdt co s¢ dir ligu
khong gian 16n tr¢ 1én dé dang. Nguoc lai, néu khong sur dung chi muc, qué trinh tim kiém
s& thyc hién duyét tuan tu tat ca cc ban ghi. Didu nay dan toi thoi gian tim kiém lau hon
va bd nhé may tinh can phai 16n hon (Ernest et al. 2015; Neelabh et al. 2015). Trong
nghién ctru nay nhom tac gia sé trinh bay vé ki thuat tao chi myc khong gian GiST cho co
s¢ dir liéu tai nguyén khoang san dugc luu trir trén PostGIS va danh gia thoi gian thuc hién
truy van co s& dit lidu 16n trong hai trudng hop: chi muc va khong sir dung chi muc.

2. Doi twong va phuong phap nghién ciru
2.1. Co so dir ligu tai nguyén khodng sdn

Co s¢ dit lidu tai nguyén khoang san 1a mot nguon dir liéu cdt 18i ciia hé thong quan
li tai nguyén khoang san. Ngoai co so dit lidu tai nguyén khodng san con co cac ngudn
thong tin dit liéu khac nhu ban do dia chit, ban do tiém niang khoang san; ban d6 quy
hoach tham do, khai thac, ché bién va sir dung khoang san; ban dd khu vuc cAm va khu vuc
tam cAm hoat dong khoang san; ban dd vi tri cac khu vuc mo khoang san va cac dang dix
li¢u khéac nhu dir li€u raster, dir li¢u do cao, dit 1liu thong tin thudc tinh, dit li¢éu phuc vu
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cong tac quan Ii, khai thac... Trén Hinh 1, anh bén trai 1a ban dd thé hién sy phan bd
khoang san tinh Nghé An duoc bién tap theo ban do dia chat va khoang san ti 1& 1:200.000.
Nhitng ddu chdm do thé hién cac diém mo khoang san 16n cua tinh Nghé An. Ban do nay
duoc ldy tir dia chi website cua Toéng cuc Pia chit Khoang san Viét Nam
(http://dgmv.gov.vn/). Anh bén phai 1a t6 hop kénh dia chét st dung SWIR-2 (kénh 7),
SWIR-1 (kénh 6) va mau xanh lam (kénh 2). T6 hop mau nay dac biét hitu ich dé xac dinh
CAu tao dia chat, khoang san.

Huyén Quy Hop

NGHE AN

T6 hop kénh 7-6-2
cua di liéu anh vé
tinh Landsat-8

Hinh 1. Ban do khodng san tinh Nghé An
Hinh 2 thé hién m6 hinh tong quan vé xdy dung co s& dit liéu khoang san véi dit liéu

dau vao bao gom:

- Cé&c ngudn dir liéu raster: bao gom céc loai di liéu vién tham, ban do khoang san dang
raster, cac ban d6 anh thé hién phan b khoang san tir qua trinh xu i dix liéu anh vién tham. ..

- Céc nguodn dit liéu vector: bao gdbm cac 1op dir liéu vé mo khoang san (dang point, line,
polygon...), 16p giao thong, 16p ranh gidi, lop thay hé...

Céc nguon dit liéu khac: bao gom céc loai dir liéu nhu hinh anh, van ban, video. ..

/ Nguén A / Neuon / Neuon
{ dn tigw { avtien §  { avliew
\ raster / \ wvector / N khac /

S v i
Thu thip, xi 1, chudn
hoa thong tin, dir liéu

¥ . | '

Cac 1dp dir litu Cac ldp dit Dit liéu da phwrong vién
vector chuyén de 1iéu raster vin bin, video...v.v)
*‘ ..f | 3 ) -
Xay dung chi CSDL dang tiptin |,
muc khéng gian — 'q?c;:,-'
i ¥ — Ao
| LA
/ — [
B S N .
Ngwai ding

CSDL khéng gi_m_l_t_éj Yeuchu
nguyén khoang san J Két qua

Hinh 2. Mé hinh tong quan xdy dung co sé dir liéu khodng san
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Déu ra ctia mé hinh 13 co sé dir liéu khong gian tai nguyén khoang san va co s dit
li¢u dang tap tin. Trong do, co so dir li¢u khong gian tai nguyén khoang san dong vai tro
c6t 161, dam béao viée phan tich, truy van khong gian... Co s& dit liéu khong gian nay duoc
x4y dung tir cac 16p dit liéu dir lidu vector chuyén dé&. Chang han nhu Hinh 3 thé hién mot
s6 16p dir liéu chuyén dé ddi v6i khu vuc huyén Quy Hop — Nghé An. Cac 16p dit licu
vector chuyén dé khi dugc nhap vao trong co sé dir liéu khong gian tai nguyén khoang san

s& duogc tao cac chi muc khong gian nham t6i wu (ting toc) qua trinh truy van.

%
":_;' . '.' -
Lép duime ok Lép mé Lép din o
(dang 1' khodng san " o (dang
duing) (dang diém ) dinn)
. | Lép thue pha . Lép
Lép ?ﬁ e 3 chua thanh khoang
m;ol\( " rimg (dang sdn dang
ucmg) ving) ving
.
L Y ]

Hinh 3. Mot s6 16p div liéu vector chuyén dé (khu viee Quy Hop — Nghé An)

2.2. Kithudt chi muc trong co so dir liéu khong gian

Co s¢ dir liéu khong gian dia I (geospatial databases) 1& yéu td trung tAm trong co s&
ha tang dit liéu khong gian (spatial data infrastructures). Uu diém chinh so véi luu trir dir
liéu dya trén tap tin 1a co s¢ dir liu khong gian duoc ciu tric dé bao gdm céc kha ning
ctia cac hé thong quan Ii co sd dir lidu quan hé, bao gom hd trg ngdn ngit truy van co ciu
trdc (Structured Query Language — SQL) va kha ning tao cac truy van khong gian dia Ii
phuc tap (Angel, 2015; Chengkun et al., 2020).

PostGIS 1a co s¢ dit li¢u khong gian trong cho hé quan tri co s¢ dit liéu quan h¢ ddi
tuong PostgreSQL. N6 bao gém céc chirc niang phan tich khong gian va hd tro 1ap chi muc.
Chi muc réat quan trong ddi v6i cac bang luu trit nhiéu dbi twong, boi vi nd gitp cho viée

|

Hinh 4. Cach chi muc khéng gian lam viéc

tim kiém thong gian nhanh hon.
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Hinh 4 mé ta cach thirc chi muc khéng gian lam viéc. Trén hinh 4, c6 thé thy rang
s6 luong cac duong giao cit véi ngdi sao 1a 1, d6 1a duong mau do, nhung cac hop dic
trung giao v6i hop mau vang 13 2, gdm hop mau d6 va mau xanh dwong. Cach ma co s di
liéu tra 101 hidu qua cau hoi “dudng nao giao cit véi ngdi sao mau vang”, trude tién s& tra
161 cau hoi “nhitng hop nao giao véi hop mau vang” bang cach sir dung chi sé va sau d6
thuc hién tinh toan mot cach chinh xac duong nao s€ giao véi ngdi sao mau vang. Chi muc
gitip viée thao tac co so dir liéu khong gian 16n tré 1én dé dang hon. Néu khong co viée
danh chi muc, thi bat ki viéc tim kiém nao cling phai yéu cAu viée “duyét tudn tu” tat ca
cac ban ghi co trong co s¢ dit liéu (Vikram et al., 2019).

Chi muyc khong gian GiST (Cy tim kiém téng quat — Generalized Search Tree) dugc
mo ta ban dau bai (Hellerstein et al., 1995). N6 1a mot cdu trac chi muyc cung cap phuong
phap truy cap cdu truc dang ciy can bang. Ngoai viéc cung cip kha ning mé rong cho céac
loai dir liéu khong gian, GiST da hop nhét cac ciu triic khac nhau trudc day nhu B-tree va
R-tree (Nguyen, 2009).

Internal Nodes (directory)

| Leaf Nodes (linked list) |

Hinh 5. Phdc thao cdy tim kiém co sé dir liéu khéng gian sir dung chi muc GiST

Ngay nay, cac hé quan tri co s& dit liéu no6i chung, cling nhu co s¢ dir li¢u khong
gian néi riéng, déu hd trg cac thuat toan xdy dung chi myc khong gian. Déi voi co s¢ dir
liéu khong gian PostGIS, dé tao chi muc khong gian GiST, ¢ thé str dung cau lénh SQL
nhu sau:

Create index <Tén chi s6> on <Tén bang> using gist (<Tén truong hinh hoc>);

Viéc tao chi muc khong gian trong co so dir lidu s& giai quyét cac bai toan truy van
khong gian hay xac dinh mdi quan hé giita cac ddi tuong. Mot sé mdi quan hé khong gian
thuong duoc st dung nhu: méi quan hé giao nhau, mdi quan hé bén trong — khoang cach,
mbi quan hé vugt qua.

Mbi quan hé giao nhau (ST Intersects): mbi quan hé giao nhau giita hai d6i tuong A
va B, trong PostGIS sur dung cau Iénh:

boolean ST _Intersects(geometry geomA , geometry geomB );

Ham ST _Intersects tra vé true néu A va B giao nhau, nguoc lai tra vé false. b sai sb
trong mdi quan hé nay 1a 0,00001 m. Trong thuc té, mbi quan hé giao nhau cé thé dugc sir
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dung dé xac dinh céc vung trong diém, mat do tap trung cua cac moé hay khu vuc méd
khoang san trong mot pham vi dia li.

Moi quan hé bén trong — khodng cdch (ST _Dwithin):

boolean ST_DWithin(geometry g1, geometry g2, double precision distance_of_srid);

Ham ST_Dwithin tra vé true néu khoang cach gitra gl va g2 nho hon d, nguoc lai tra
vé false. Pon vi khoang cach & day duoc xac dinh theo hé tham chiéu khong gian cia gl
va g2. Trong thuc t&, méi quan hé nay duogc st dung dé tim kiém s6 lugng cac diém mo
trong mot lan can ban kinh nao do, hay x4c dinh mat d giao thong (dang duong) dé tir do
phuc vu bai toan quan li, quy hoach viéc phat trién mo rong khu vuc mo.

Mbi quan hé vieot qua (ST Crosses): Dé xét mdi quan hé vuot qua giita hai dbi tugng
A va B, trong PostGIS str dung cau 1énh:

boolean ST_Crosses(geometry A, geometry B)

Ham ST_Crosses tra vé true néu phan giao nhau cua A va B tao ra dang hinh hoc c6
chiéu nhé hon chiéu 16n nhit cua A va B; dong thai phan giao nhau nay nam bén trong cua
A va B. Chiéu cua dang hinh hoc dugc quy chudn nhu sau: dang diém cé chiéu la 0, dang
duong co6 chiéu la 1, dang vang c6 chiéu la 2. Trong thyuc té, mbi quan hé nay dugc st
dung dé xac dinh kha ning giao cat giita cac 16p dbi twong dang tuyén, dang ving...

3. Két qua va thao luin
3.1. Két qud nghién ciru

Dé thyc hién viéc danh gia kha nang truy van nhanh cia chi muc khong gian ddi véi
co s¢ dir liéu 16n, nhom tac gid da xay dung nhiéu bo dir liéu mau (thé hién trén cac cot 2,
cdt 3 cua cac Bang 1-4). Trong d6, cac b dir liéu nay dugc xay dung vdi cac dang hinh
hoc khac nhau (dang diém, duong, ving) va cac bang dir liéu co tir vai nghin cho téi vai
triéu ban ghi. Cac thyc nghiém duogc tién hanh trén may tinh c6 ciu hinh nhu sau: hé diéu
hanh Windows 10, Intel core™ i7- 4510U 2.0GHz, 8GB RAM. Két qua nghién ctru dugc
thé hién trén cac Bang 1-4. Trong do:

- NTk-Bin ghi (dudng): Thé hién s6 ban ghi cua 16p dir liéu dang duong. Pay 1a 16p dix
li¢u dugc stir dung dé truy van. TK 1a viét tit cua tir “Tim Kiém”

- Npk-Bin ghi (diém): Thé hién sb ban ghi cua 16p dit liéu dang diém. Pay 1a 16p dir lidu
duogc st dung dé lam diéu kién cta phép truy van. DK 1a viét tit cua tir “Diéu Kién”

- Taist (Ms): Thé hién thoi gian cta phép truy van dugc thuc hién trong trudng hop thiét
1ap chi muc khong gian GiST. Pon vi thoi gian 1a mili gidy.

- Tno_cist(Ms): Thé hién thoi gian clia phép truy van dugc thuc hién trong truong hop
khong thiét 1ap chi muc khong gian GiST. Pon vi thoi gian 1a mili gidy.

- Kich ban 1: Thyc hién phép phan tich khong gian str dung mdi quan hé bén trong —
khoang cach (ST _Dwithin) giita hai tap dit liéu dang duong va dang diém. Két qua dugc
thé hién nhur trén Bang 1.
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- Kich ban 2: Thyc hién phép phan tich khong gian sir dung mdi quan hé bén trong —
khoang cach (ST Dwithin) giita hai tap dit liéu dang ving va dang diém. Két qua dugc thé
hién nhu trén Bang 2.

- Kijch ban 3: Thyc hién phép phén tich khong gian sir dung mdi quan hé giao nhau
(ST_Intersects) gitta hai tap dir liéu dang duong va dang diém. Két qua duwoc thé hién nhu
trén Bang 3.

- Kijch ban 4: Thuc hién phép phan tich khong gian st dung méi quan hé vuot qua
(ST_Crosses) gitra hai tap dit liéu dang duong va dang duong. Két qua duogc thé hién nhu
trén Bang 4.

Bing 1. Bing két qua v6i ST _Dwithin giita hai tdp di liéu dang dwong va dang diém

STT NTK-Bin ghi (duOng) Nbi-Ban gni (diém) Taist (MS) Tno_cist(MS)

1 43,775 477 15 405

2 79,529 2,323 27 758

3 118,774 15,166 47 1,068

4 849,199 2,401 63 6,396

5 1,047,502 2,628 67 9,472

6 1,646,394 8,510 85 10,319

7 2,693,896 8,510 94 17,226

Bing 2. Bang két qud véi ST _Dwithin gitta hai tdp dir liéu dang ving va dang diém

STT NTk-Bin gni (VUNQ) Npk-Bin ghi (diém) Taist(M) Tho_cist(MS)

1 1,270 267 6 39

2 20,783 1,071 10 611

3 50,971 2,783 17 1682

4 120,082 4,158 21 3658

5 273,975 1,294 25 8023

6 503,902 600 28 9039

7 663,713 2,401 33 19935

Bing 3. Bing két qud v6i ST Intersects giita hai tdp dir liéu dang dwong va dang diém

STT NTk-Ban ghi (duong) NpK-Bin gni (diém) Taist(m) TNo_cist(MS)
1 49,028 391 8 42
2 75,264 2,174 10 67
3 101,858 17,912 12 91
4 881,107 1,870 23 342
5 1,237,829 2,951 27 437
6 1,546,311 6,749 29 624
7 2,848,743 8,163 41 1,092
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Bing 4. Bing két qud v6i ST Crosses giita hai tdp dir liéu dang dwong va dang dwong

STT NTK-Ban ghi (dudmg) Npk-Ban ghi (duwdong) Taist(M) Tno_cisT(MS)
1 41,697 384 12 42
2 82,074 2,709 19 71
3 120,375 2,357 23 79
4 901,174 2,401 35 363
5 1,207,891 2,628 42 442
6 1,779,408 4,176 47 973
7 2,801,526 5,526 55 1,056

3.2. Thdo lugn

Hinh 6 thé hién biéu d6 thoi gian xur |i trong truong hop sir dung va khong st dung
chi muc khong gian GiST: hinh 6a 1a két qua cta kich ban 1 (Bang 1); Hinh 6b 1a két qua
ctia kich ban 2 (Bang 2); hinh 6¢ 13 két qua cua kich ban 3 (Bang 3); Hinh 6d 13 két qua cua
kich ban 4 (Bang 4). Trén mdi Hinh 6 (a, b, ¢, d), c6 thé nhan thay:

- Puong mau cam — ki hi¢u 12 T(GiST): Thé hién thoi gian thyc hién cia cac phép tim
kiém khong gian trong trudng hop thiét 1ap chi muc khong gian GiST.

- Puong mau xanh luc — ki hiéu 1a T(No_GiST): Thé hién thoi gian thyc hién cua cac
phép tim kiém khong gian trong truong hop khong thiét 1ap chi muc khong gian GiST.

- Puong mau cam co vi tri gan sat voi duong truc hoanh hay c6 khi gan nhu mot
duong ké ngang. Didu nay thé hién rang: ddi v6i trudng hop thiét 1ap chi sé khong gian
GiST, thoi gian thuc hién truy van khong gian 1a 6n dinh va rat nhanh. Thoi gian thyuc hién
phép truy van khong gian nho hon 1 gidy cho du sé luong ban ghi 1én téi 2,7 triéu.

- Puong mau xanh luc ban dau ciing c¢6 vi tri thap (dbi voi truong hop sé lugng ban
ghi it); tuy nhién, khi s6 luong ban ghi 16n (1én dén vai trim nghin, tridu ban ghi) thi duong
mau xanh luc s& cao dan tr& nén gan nhu doc ding. Nhu vay, ddi voi truong hop khong
thiét 1ap chi muc khong gian, thoi gian thuc hién phép truy van ting nhanh dot bién khi dir
liu 1én toi 16n.

Nhu vay, két qua nghién ctru ¢ thé khang dinh rang di véi cac co so dir liéu khong
gian 16n (s6 luong ban ghi bat dau tir vai trim nghin ban ghi) thi viéc thiét 1ap chi muc
khong gian nhu GiST c6 ¥ nghia v6 ciing quan trong. N6 thuc hién cac phép tim kiém, tinh
toan khong gian nhanh hon rat nhiéu so vé6i truong hop khong thiét 1ap chi sb. Piéu nay rat
quan trong d6i voi viée nghién ctru va thiét ké co so dit liéu ndi chung, ciing nhu co s dir
liéu khong gian tai nguyén khodng sdn noi riéng.
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Hinh 6. Biéu do thé hién két qua thuc hién cia cdc phép truy van khéng gian
trong truong hop sw dung/khong su dung chi muc GiST.

4. Kétluan

Ki thuat chi muc khong gian noi chung, cling nhu chi muc GiST noéi riéng 1la mot
trong nhitng dic trung va quan trong cua co s¢ dir liéu. N6 giup cho viéc thuc hién céc
phép truy van khong gian hay phan tich dit liéu 16n trd nén nhanh hon. Trong qué trinh xay
dung hé thdng, ki thuat nay can dugc tich hop vao co so dir liéu khong gian. Két qua
nghién ctru s& 1a mot trong nhitng co s& quan trong, gitup cho qua trinh xay dung hé thong
quan Ii dit liéu khong gian vé tai nguyén khoang san duoc t6t hon.

% Tuyén bé vé quyén lgi: Cac tac gid xac nhan hoan toan khéng cé xung dét vé quyén loi.
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ABSTRACT

Mineral resource management is an important issue in each country's sustainable
development strategies, of which the mineral spatial database is a major component of the
management system. Nowadays, with the development of information collection and processing
technologies, spatial data on mineral resources are bigger and bigger. This has led to a
complicated demand of how to quickly query spatial data with millions of records. To solve the
problem of big spatial data, spatial indexing technique is often used. In this paper, the authors will
apply spatial indexing techniques in building mineral databases on PostGIS and evaluate the
ability to query of using and not using spatial indexes. The results show that query time when using
spatial index is much faster.

Keywords: mineral resource database; PostGIS; spatial indexing
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