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Tom tit: Trong s6 nghich dio khoang cach (IDW) mdc dit la phirong phép khong mm nhung luén dwoc quan tam vi
tinh ung dung trong viéc lap nhanh cde ban do. IDW dwge hé tro va cai dat trén nhiéu nén ting cong nghe Do vay, viéc
gidi thiéu va liwa chon sik dung can dwge dinh hiedng dé nguoi xdy dung hé thong c6 birc tranh tong thé. Bai bdo nay néu
mot s6 thong tin vé viéc lira chon méi truwong cai dat thuc thi IDW trong cdc wng dung.

Tir khéa: IDW, GIS, SOL, vién tham.

IMPLEMENTING IDW FROM SYSTEM PERSPECTIVE
AND ILLUSTRATIVE APPLICATION

Abstract: Inverse Distance Weighting (IDW), although not a new method, is always of interest due to its applicability
in rapidly creating maps. IDW is supported and implemented on many technology platforms. Therefore, its introduction
and selection need to be guided so that system developers have a comprehensive overview. This paper provides some
information on selecting the environment for implementing IDW in applications.
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I. PAT VAN DE

Thong thuong, trong cac su ¢b hodc thai hoa
chat gay 6 nhiém cac ngudn khong khi, nude. Va
mot ving anh hudng duoc xac 1ap voi nguyén tic
co ban: khu vuc gan ngudn sé bi tac dong nhiéu
hon. D6 1a tu duy cua ndi suy IDW (Inverse
Distance Weight), nghia 1a trong s6 nghich dao
khoang cach. Tinh toan IDW thudng dugc thay
trong cac hé théng GIS voi cac tng dung xay
dung ban dd dé truc quan héa muic d6 anh huong
ctia nhitng ngudn phat sinh theo khoang cach, nhu
kha ning tic dong tir ngudn giy 6 nhiém theo
khoang cach, cu thé nghich dao khoang cach thé
hién & tinh chat khoang cach cang gan (cang nho)
thi mic do “anh hudng” cang 16n. Luu y: khac
v6i phuong phap Kriging (sir dung nén tang théng
ké), IDW chi thuan tay dya trén khoang cach va
phan b tuyén tinh nén chi pht hop cac tng dung
mang tinh lién tuc

Trong cong nghé, tinh toan IDW chu yéu dugc
cai dat nhu mot thuat toan phan tich khong gian
trong cac phan mém GIS nhu ho ArcGIS,... hoic
cac dang thu vién cua Python nhu scipy. Bén canh
do, IDW con dugc cai dat ¢ dang tinh toan SQL
chuan trong cac hé quan tri co s¢ dir liéu quan h¢
nhu SQL Server, PosrgreSQL,... Bai bao nay sé
gi6i thiéu dinh huéng mét sé phuong an cai dat sir
dung IDW tong hop dugc va md ta mot ing dung
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co ban dé nguoi sir dung c6 thé Iya chon trong khi
xay dung hé thong dé tinh toan noi suy IDW.

II. NOI DUNG NGHIEN CUU

2.1. Co s6 Iy thuyét

Phan nay gidi thidu vé mot sé 1y thuyét cia
tinh toan ndi suy IDW.

2.1.1. Vé IDW

Trong khong gian 1 chiéu, phuong phap IDW
v6i 2 diém 1an can gan nhét 1a phuong phéap noi
suy tuyén tinh. Nghia 1a phuong phap wéc lugng
mot gia tri chua biét nam giita hai gia tri da biét
trén dudng thiang. Pay 1a k¥ thuat thuong dé tinh
toan hoac tra curu, tinh toan mau, udc lugng cac
s lidu co tinh chat theo xu hudng tuyén tinh. Bai
toan thudng duoc thiy dudi dang phét biéu sau:

Gia str can tim gi4 trj y trong tng véi x, nghia
gia} tri cua cdp toa do (x,y), biét réng gia tri hai
die X, <x< X, ,) thoa:

Va diém (x,y) nam trén doan thang ndi 2 diém
(x,5y,) va (x,y,). Cong thirc ndi suy s€ la:

Y=y, HE-X )@,y (XX )

Doi voi khong gian nhiéu chi€u (tir 2 tro 1én),
vé tinh toan chi tiét, phuong phap noi suy IDW la:

iN Z-Xwi
ZO=7N

i=1 Wi
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Trong do:

Z,: gia tri u’orc tinh ctia bién z tai vi tri cn tinh

Z gla tri mau tai cac diém i i lan can

N s6 lwong diém 1an can can tlnh toan

d: khoang cach giira diém miu va diém can
udc tlnh s0 mil p dugc xac dinh 1a ham d¢ do

2.1.2. B¢ do su dung trong IDW

IDW st dung d¢ do la khoang cach Euclide,
mot cach noi quen thudc la “dudng chim bay”.
Trong tinh toan khoang cach Euclide s& c6 sb mii
la 2 (p=2).

Scipy's Rbf with function=linear

Luu y: v6i cac p mang gia tri khac, do do
s€ co y nghia khac. Vi du: p=1 1a d¢ do theo
cac toa nha trong do thi, tén goi 1a Manhattan.
Chu y thém, vé tong quat, ca do do Euclide va
Manhattan thudc nhém chuén vector, c6 tén goi
tong quat hoa 1a khoang cach Minkowski véi
cong thirc nhu sau:

D(x,y) = (ilxi

Khi p=1 14 d6 do Manhattan, khi p=2 1a d¢ do
Euclide va khi p=co thi goi 1a d0 do Chebyshev.
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Hinh 1: Mét minh hoa vé két qua néi suy IDW bang géi scipy

2.1.3. Nén tang Python va SOL

Python 1a mét ngén ngit 1ap trinh bac cao da
nang dugc Guido van Rossum nghién ctu va
phat hanh 1an dau vao nim 1991. Vi cac tu duy
gon, nhe, ngay nay Python duoc su dung trong
nhiéu h¢ thong cua nhiéu nganh vi tinh linh hoat.
Trudc do, gitra nhimg nam 1970, SQL (Structured
Query Language — ngon ngi truy van cd cau tric)
do Edgar F.Codd xay dung dugc chon la mo6 hinh
tiéu chudn dung cho hé théng quan 1y co s¢ dit
li¢u quan hé. Mac du Python va SQL khong phai
“d6i tho” truc tiép xay dung hé théng, tham chi bd

sung cho nhau vi nhimng wu diém cua 2 cong nghé
nay. Tuy vdy, ca 2 déu c6 thé cai dat IDW dé xir
1y. Do vay, viéc hoach dinh lga chon st dung dé
xtt 1y tinh toan IDW 1a mot yéu té trong hé thong.
Trong 14p trinh mg dung hién dai, viéc lya chon
phuong phap cai dit cho hé théng 1a quan trong
vi cac ti€u chi lién quan dén toc do, hiéu suat va
cac yeu t6 khac vé ngudn tai nguyén khi thyc hién
nhleu tinh toan, dic biét khi cac yéu cau dugc gui
gan thoi gian voi nhau.

Duéi day 1a Bang vé tinh ning khac biét giita
truy van SQL va Python cho dir liéu khong gian:

Pac diém so sanh

Truy van SQL

Python

Muc tiéu chinh Cn .
liéu quan h¢

beé giao tiép va quan ly co s¢ dir

La ngon nglr 1ap trinh da nang, tu
dong hoa va cac mo hinh cao cap

Moi truong
trién khai tiéu biéu
Spatial

Céc hé quan tri CSDL khong
gian nhu PostGIS/PostgreSQL,
SpatiaLite, SQL Server, Oracle

Python scripts, Jupyter notebooks,
cac ung dung GIS (nhu ArcGIS,
QGIS)
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Kiéu ludn Iy

Dang khai bdo (declarative):
cho hé thong biét mudn gi va hé
théng s& quyét dinh cach thuc
liy thong tin twong Gmg

Dang biit budc (imperative): phai
viet 10 moi budc can lam gi trong
xu ly

Phuwong thirc hoat dong

Thong qua cac ham SQL khong
gian nhu ST Distance, ST Buf-
fer,.. dugc cac hé quan tri tuong
thich véi chuan OGC/ISO

Thong qua thu vién nhu: GeoPan-
das, Shapely, Rasterio, PySAL dé
xur ly hinh hoc, raster hoac théng
ké/hién thi

Pham vi dir lieu

Phu hop cho céc tap dir liéu co
cAu tric, co su lién két, két ndi
(join) hodc cac quan hé véi nhau
va c6 kha nang loc cao.

Dtr liéu cho cac loai dir liéu phtrc
hop, may hoc, phu hop céc dir licu
khong cau tric.

Tinh hiéu qua

Nhanh khi xur 1y truc tiép nhiéu
tri¢u dong dir liéu trén may chu.

Nhanh cho vi¢c phan tich dir li€u
thong ké phtre tap va dinh dang (re-
shape) dir li¢u trong bo nhd

Pé xudt cac trieong hop
(nén) sur dung doi voi dir liéu
GIS va vién tham

co so dir liéu;

- Trich xuét/truy vén dir liéu tir

- Quan 1y nhiéu nguoi dung trén
dwr liéu khong gian;

- Phan tich cho tap dir liéu 16n
bén trong tap dir li¢u

- Phan tich khong gian va mé hinh
hoa ngoai CSDL;

- Xtr 1y dir li¢u Raster;

- Tu dong hoa cac tac vu GIS;

- Hoc may bang dit liéu khong gian.

Tt bang so sanh trén, nhan thay viéc lya chon cai
dat IDW bang Python hoac SQL 1 van dé can can
nhéc cho cac hé thong hién c6 tir goc nhin tai nguyén
cling nhu Gmg dung va cach dap tng cac yéu cu.

2.2. Cai dit va ing dung miu trién khai

IDW c6 nhiéu bién thé cai dat & cac moi truong
khac nhau. Diéu nay lam nén sy linh dong trong
xir Iy nhung ciing can phai lya chon ddi véi cac hé
thong nhat dinh. Ngoai cac phuwong phap tinh toan
cao cip hon nhu cai dit xu 1y song song, dudi day

def distance matrix(x0, y0, x1, y1):
obs = np.vstack((x0, y0)).T
interp = np.vstack((x1, y1)).T

# Tao ma trdn khoang cach gitta céc cip diém

d0 = np.subtract.outer(obs|:,0], mterp[:,0])
d1 = np.subtract.outer(obs|:,1], interp[:,1])

return np.hypot(d0, d1)

Sau do, tinh toan IDW duoge cai dat:

def simple_idw(x, y, z, X1, yi):
dist = distance_matrix(x,y, Xi,y1)

1a mot s6 cai dat thuong duoc nhic dén:

2.2.1. Cai dat IDW bang doan ma Python

Thong thudng, viée cai dat IDW bang viéc xac
dinh ma tran khoang cach. Trong mit phang 2
chiéu, khi cho danh sach toa do cac diém va mong
mudn tinh todn ndi suy gia tri tai 1 diém, ma tran
khoang cach duoc 1ap ra dé tim cac khoang cach
nho nhat.

Ham tinh toan ma trin khoang cach duogc dé
dang xay dung

# Trong s6 trong IDW 1a nghich dio khoang céch

weights = 1.0 / dist

# Chuén héa trong sd

weights /= weights.sum(axis=0)

# Nhan trong s6 cho méi diém noi suy véi gia tri Z

z1 = np.dot(weights.T, z)
return zi
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2.2.2. Cai ddt IDW trén hé thong SOL
Mot cach co ban, ma SQL dé cai dat tinh toan
IDW dugc thé hién bang cac 1énh SQL chuan
WITH DistanceData AS (
SELECT
id,
value,

ISO. Poan ma SQL dudi diy cai dat tim K diém
gan v&i vi tri (x,y) va tinh todn trong so trung binh

—— Tinh theo khoang cdch Euclide.

SQRT (POWER (source x - 10.0, 2)
distance
FROM known points
),
WeightedData AS (
SELECT
id,
value,
distance,
—— Nghich dao khoang cdch (tham
-— Gid tri epsilon (0.00001) dé
CASE WHEN distance = 0 THEN 1.0
ELSE 1.0 / POWER(distance,
END AS weight
FROM DistanceData
ORDER BY distance ASC
—— Giéi han K diém lén cdn nhdt (Vi
LIMIT 5
)
SELECT
SUM(value * weight)
FROM WeightedData;

Luu ¥ cho doan ma trén:

- DistanceData: tinh toan khoang cach gitra cac
vi tri theo cong thuc Pythago

- WeightedData: Tinh toan trong s6 cho mdi diém

Bén canh do, ¢ cac hé¢ quan tri co sé dir licu
khong gian, mdi diém dugc xem 1a cac d6i tuong.
Va hé théng thiét ké dang co s¢ dir liéu quan hé

WITH nearest samples AS (
SELECT
5.1id,
s.measured value,
ST Distance (s.geom,
FROM sample points s
CROSS JOIN target points t
WHERE t.id = 1
ORDER BY ST Distance (s.geom,
LIMIT 5 - St dung 1d4n cdn 5
)
SELECT

t.geom)

t.

POWER (source y - 20.0, 2)) AS

sé

mii p = 2)

tranh chia khoang cdch 1a 0

2)

/ SUM(weight) AS idw interpolated value

huéng d6i tugng. Tir 40, cac tinh toan vé khong
gian dugc tinh toan theo phuong thirc/ham hoa.
Vi dy: ham khoang cach duoc chuan héa thanh
ham: ST Distance(geoml, geom2) védi geoml va
geom?2 13 2 ddi twong hinh hoc can tinh khoang
cach. Tur do, doan code trén khi cai dat & hé co s&
dir liéu khong gian dugc goi ¥ viét nhu sau:

AS distance

-— gid dinh 1 la ID cua diém ta mudn du dodn gid tri

geom) ASC

diém géan nhéat

SUM (measured value / POWER(distance, 2)) /

SUM( 1/POWER (distance, 2)) AS interpolated value

FFROM nearest samples;
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2.2.3. Sir dung IDW trén hé thong PostGIS

Ngodi ra, trong cac hé théng co s dir liéu
khong gian nhu PostGIS, viéc tinh toan IDW
duoc cai dat san thanh cac ham. Cu thé ham duoc
st dung la: ST InvDistWeight4ma. Bén canh do,
cac hé thong PostGIS ciing hd trg tinh toan cho
loai dinh dang dir 1iéu nhu raster béng ham ST
InterpolateRaster.

2.3. Minh hoa tng dung nhé vé IDW

Tang trinh dién

Theo do, dé xay dung mot Gng dung, hién
tai, thong thuong mo hinh kién tric s& dugc tach
thanh 3 téng khéc nhau, cu thé:

- Tang dit liéu: 12 noi luu trit, quan 1y va c6 thé
xtr ly mot s6 dir liéu cua hé théng

- Tang xir 1y logic chira cic ing dung chay,
tiép nhan cac yéu cau va lay dir liéu dé xur Iy

- Tang trinh bay tiép nhan cac yéu ciu cta
nguoi ding théng qua giao dién d6 hoa.

Nguwi ding

Giao dién dd hoa nguwi ding (GUI)

JavaSerdpt

SeegeMys Chortjs

WTHL

o
5 a8

(JSON, IMG)
Tang xur ly logic

Apache HTTP semver

p l{a GeoServer

?imuhmi

SQLDBMS

Tang diF liéu

PystGls
) SO
PostgreSOL

Hinh 2: M6 hinh céc hé théng thuong dwoce trién khai hién nay

Nhu vay, nhin vao hé théng, IDW c6 thé cai
dit o tang xtr 1y logic hodc & tang dir liéu. Tur do,
chiing ta c6 thé lya chon phuong 4n tinh toan cho
pht hop. Dé xut st dung ting co sé dit liéu dé tinh
toan khi viéc tinh toan lién quan dén nhiéu tram do
va viéc tinh toan can nhanh. Trong khi do, viéc lya
chon Python trong tang xir Iy logic dé tinh toan khi
can sy tich hop, phbi hop véi nhidu yéu tb khac dé
ra soat, phan tich, théng ké dir liéu truc tiép.

Minh hoa két qua cta Gng dung vé giam sat,
du bao chat lugng khong khi. Khi d6, do sb lugng
tram phan tich khong nhiéu va ti 1¢ ban d6 khong
qua chi tiét nén hé théng lua chon tinh toan bang
Python. Két qua nhu sau vdi cac toa do cac tram
duogc va gidi han tinh toan ndi suy nam trong
pham vi dia ly:

WEBGIS GIAM SAT, DU BAO CHAT LUQNG KHONG KHI
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1. KET LUAN

Noi suy IDW c6 nhitng vu diém tinh toan
nhanh va thiét 1ap ban d6 ngay c6 thé hd trg linh
hoat cho viéc dung nhanh cac h¢ théng ban dd
truc quan. Ngoai ra, do cling 1a mot trong nhiing
cong cu dé ngudi quan 1y co co sé dé nghi ngd
nhirng hoat dong bt thuong dién ra trong mot
“khung cdanh” ma co thé du doan duoc trong

tinh to4dn ndi suy. Do do6, tir nhiing tién ich trén,
bai bdo nay noéi vé cac hudng cai dit c6 thé cho
IDW dé ngudi nghién ciru c6 thé lya chon va
tiy bién trén hé thong. Mot hé thong c6 thé cai
dit nhiéu phuong phép tinh todn IDW va sau
d6 tuy theo mirc do yéu cau ma hé thong co thé
linh hoat sir dung timg tai nguyén dé tinh toan
va tra vé két qua.
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Thong tin v& SQL: https://vi.wikipedia.org/wiki/SQL
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Lénh tinh toan IDW trong PostGIS: https://postgis.net/docs/RT ST InvDistWeight4ma.html

V& do do: https://viblo.asia/p/distance-measure-trong-machine-learning-ByEZkop Y ZQO0

Cic cai dat IDW bang Python: https:/stackoverflow.com/questions/3104781/inverse-distance-weighted-idw-

interpolation-with-python
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