AP DUNG PHUONG PHAP DIA THONG KE PE UOC LUQNG TRU
LUQNG LAM PHAN DUA VAO ANH SPOT 5

Nguyén Thi Thanh Hu’o’ng1

TOM TAT: Bai béo ndy md ta tiém ning (ng dung phuong phap dia thong dé dé udc luong trix
lwong 1am phan dwa vao anh vé tinh cho cac trang thai rieng tu nhién 14 rong thudng xanh & Tay
Nguyén. Phuong phap regression-kriging da duoc st dung trong qua trinh udc luong. Nghién
Clru da thir nghiém trén cac loai di liéu anh khac nhau nhu két hop 4 kénh ciia dnh SPOT 5, 4nh
thanh phan chinh PCs va anh chi s6 thuc vat NDVI. Sir dung céc dir liéu doc 1ap véi cac tiéu chi
sai s6 trung phuong va sai s6 binh quan dé so sanh két qua dat duoc. Két qua da chi ra su c6 mat
ctia 4 kénh anh SPOT c6 két qua tét nhat so véi cac anh khac.

TU KHOA: Anh vé tinh, regression-kriging, sai s6 trung phuong

1. PAT VAN PE

Trir lwong 1am phan 1a nhan té quan trong trong quan 1y lam nghiép. Chinh vi vay da c6 nhiéu
phuong phéap duoc ap dung dé diéu tra trir lwong 1am phan. Dol Véi phuong phap tmyen théng,
trir luong duoc xac dinh thong qua diéu tra hé théng 6 mau v6i cac nhan t6 duoc diéu tra l1a
duong Kinh ngang nguc (D13) va chiéu cao cay (H). Ngoai ra can c6 giai tich than cy dé xac
dinh thé tich cay ca thé. Tir két qua nay s& xay dung duoc mo hinh twong quan glua thé tich cay
v6i D13 va H. Sau d6 biéu thé tich cay ring s& duoc xay dung. Ngudi st dung c6 thé dung biéu
tra nay dé xac dinh thé tich than cay, tir d6 tinh toan trit lugng cho 1am phan. Vi vay viéc diéu
tra dé udc luong trix luong 1am phan thudng ton nhiéu thoi gian va tai chinh néu dugc thuc hién
trén dién tich rong 16n. Trong khi d6 rung ty nhién thuong phan bé & nhitng ving xa x6i véi
diéu kién ty nhién kho khan. Tuy nhién trong giai doan gan day cung voi phét trién nhanh
chéng cuaa cong nghé thong tin, cong nghé vién tham, nhitng wng dung cong nghé nay trong 1am
nghiép da dong gop vai tro quan trong trong diéu tra rung. Do Vay Viéc ude lugng trix lugng lam
phan trg nén dé dang hon. Dé wéc lwong trix lugng 1am phan, nhiéu nghién cau da xay dung md
hinh quan h¢ gitra gia tri anh (DN-Digital Number) va trir luong di dugc diéu tra trén thyc dia.
Mo hinh khéng gian va phi khong gian thudng duoc sir dung dé wdc luong nhén té diéu tra ring
ké ca trir lugng cho 1am phan. Nhiéu nghién ciru da str dung phuong phap hdi quy tuyén tinh va
phi tuyén tinh dé tinh toan (Trotter et al., 1997; Cohen et al., 2003; Awaya et al., 2004; Fransson
et al., 2004; Rahman, 2004), gan day phuong phap phi tham s6 K-nearest nelghbor cling ching
to hu:u hiéu trong udc lugng cac nhan t diéu tra rimng (Tokola et al., 1996; Tomppo et al., 1999,
2001; Holmstrom and Fransson, 2003; Makela and Pekkarinen, 2004; Kurzer, 2008, Thesler et
al., 2008). Phuong phap dia théng ké cling da dugc st dung va mang lai két qua hta hen
(Tuominen et al., 2003; Wallerman, 2003; Meng et al., 2009).

Mic du c6 nhiéu két qua nghién ciru mdi quan hé gitra nhan t diéu tra 1am phan voi DN nhung
két luan rat khac nhau phu thudc vao dic diém vung nghién ctu va dir liéu duoc sir dung. Hon
nita cac nghién ciru nay thudng duoc tién hanh trén cac 1am phan 6n dai, d6 1a nhiing 1am phan
6 cau trac rung va thanh phan loai twong ddi don gian, trong khi d6 hiém c6 cac nghién ciu
duoc thyc hién & ving ruang nhiét di. Chinh vi vy thyc hién nghién ciu trén 1am phan nhiét
d6i hon loai la can thiét.

! Tién si 1am nghiép, truong Dai hoc Tay Nguyén



Nghién ctru nay dugc thuc hién tai cac khu rung I& rong thuong xanh & huyén Tuy Btc, tinh
Pak Noéng. Khu vuc nghién cau nim & vi do bic tir 11°59° dén 12°16° va kinh do dong tir
107°13” dén 107°28’ voi dién tich khoang 500km? (20x25km). Rung 14 rong thuong xanh nhiét
d6i chiém wvu thé ¢ khu vuc ndy, tuy nhién di qua tic dong cua con ngudi & cac cap do khac
nhau, hinh thanh céac trang thai trir lugng go khéc biét.

2. DU LIEU, PHAN MEM VA PHUONG PHAP
2.1 Dit liéu va phan mém

Céc ngudn dir liéu khac nhau bao gom anh v¢ tinh, dit liéu s6 vé rimg, ban d6 nén va céc 6 mau
dugc diéu tra trén thuc dia dugc su dung trong nghién ciu nay. Anh vé tinh quang hoc SPOT 5
duoc tai tro tir to chire OASIS. Do phan giai quang phd cua anh 13 256 cap d6 xam, do phan giai
khong gian 1a 10m x 10m. Anh vé tinh da duoc hiéu chinh dua vao cac diém khéng ché trén
thuc dia duoc thu thap bang GPS va mé hinh so do cao (DEM). M6 hinh nay duoc tao tir cac
duong dong muc & dang GIS shapefile. Dé ph hop va lién két duoc vai céc loai dir liéu hién co
tai dia phuong, anh SPOT 5 da duoc tham chiéu hé toa d6 UTM & cot 48 (UTM 48N). Phuong
phap tai chia mau “nearest neighbor” duoc ap dung trong qua trinh hiéu chinh hinh hoc véi do
phan giai khong gian 1a 10m x 10m dé bao toan gia tri cua cac pixel. Pic diém chung cua anh
duoc mo ta trong bang 1.

Bang 1. Ddc diém cua anh SPOT 5

Sé band | Pd phan giai phé (um) | DPé phan giai khong Vung phé SPOT
gian (m)

Band 1 0.50 - 0.59 10 x 10 Xanh |4 cay

Band 2 0.61-0.68 10x 10 bo

Band 3 0.79 — 0.89 10 x 10 Gan hong ngoai

Band 4 1.58 —1.75 20 x 20 Hong ngoai séng ngan

97 6 mau da dugc diéu tra trén thuc dia voi dién tich mdi 6 14 900m? (30m x 30m). Vi tri trung
tam cua 6 duoc thu thap bang GPS Garmin 72. 119 cdy mau duoc do dém dé xay dung md hinh
tuong quan thé tich véi duong kinh va chiéu cao. Cac cady mau duogc chia 1am 10 phan bang
nhau. Puong kinh tirng phan va chiéu cao twong tng cua cdy mau di duoc do bang may do
Laser Criterion RD 1000. Sé liéu nay duoc sir dung dé xay dung cong thic tinh thé tich cay
dung cho toan bo sb cay trong 6 mau. Tuong tng véi mdi 6 mau vai kich ¢ 30m x 30m, gia tri
trung binh cua 9 pixel (3x3) digital number cta cac band SPOT 5 cling duoc tinh toan.

Mot s6 phan mém duoc sir dung trong nghién ctru voi cac phan tich khac nhau bao gom: Erdas
Imagine version 9.2 va ENVI version 4.2 dugc dung dé xir ly anh vé tinh. Acess va ArcGIS
duoc su dung dé phét trién co so dit liéu va phan tich khong gian. Dac biét chuong trinh Gstat
duoc thiét ke boi Pebesma (2005) dong vai tro quan trong trong phén tich dia thdng ké. Bai vi R
la phan mém m& ngudn mé va co giao dién than thién voi nguoi s dung, vi vay né duoc lua
chon dé thuc hién qua trinh phan tich dia thong ké sir dung Gstat duoc chay trong mdi trudng
cua R.

2.2 Phwong phap

Nghién ctru da thir nghiém ude lugng trix luong ring trén 4 kénh cia SPOT 5, kénh thanh phan
chinh (PCs) va kénh chi sb thuc vat (NDVI). Regression-kriging 1a mot trong cac phuong phap
phan tich dia théng ké duoc 4p dung dé thuc hién udc luong trir lugng 1am phan, ca kriging don
bién va da bién di duoc &p dung dé phan tich. Hai loai dit liéu dau vao la can thiét trong qua
trinh nay: i) file anh (image file) va ii) file dir liéu thuc dia (field sample file). Dir liéu anh




(SPOT 5, PCs, va NDVI) duoc chuyén déi thanh dang file ASCIL Dé thanh lap ban db trix
luong cho toan bo dién tich vung nghién ctru, cac anh nay da duoc chia nho (split) thanh cac
khéi (block). Qua trinh udc lwong duoc thuc hién trén tung khéi riéng r&, sau do dugc két hop
(merge) tro lai dé co duoc ban dd cho toan dién tich. Dé so sanh do chinh xac cua cac thi
nghiém, dit liéu doc lap (di liéu khdng tham gia regression-kriging) duoc dung dé danh gia. Sai
s6 trung phuong (RMSE) va sai s6 binh quan (MAE) 1a 2 tiéu chuan dugc sir dung dé so sanh.

bé ap dung regression-kriging, phan tich variogam/semivariogram va kriging (ca don bién va da
bién) can duoc thuc hién dé tim ra mé hinh Iy thuyét thich hop. Gstat package duoc sir dung dé
tinh virogram va kriging v4i nguyén 1y nhu sau:

Semivariogram:

Semivariogram thyc nghiém cho mét vector riéng bi¢t h thu dugc bang céch tinh toan mot nira
su khac biét binh quan cua gia tri dir liéu cho moi cap vi tri dir liéu dugc phan biét bai h. Noi
chung semivariogram duoc tinh theo cong thuc sau:

y(h) = —Z L [Z(x) — Z ()] (1)

Trong d6 Xi 1a s6 liéu vé vi tri, Z(xi) 1a gia tri caa mot loai thudc tinh tai vi tri xi, N 1a s6 lwong
cac cap dir lieu & mot khoang cach nao do theo h. Céng thirc nay duoc su dung dé xac dinh
tuong quan khong gian cua bién s6. Dang chung cua semivariogram dugc minh hoa trong hinh
dudi day:
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Hinh 1. Dang chung cua semivariogram
Chtic nang cua semivariogram thuong duoc dic trung boi 3 tham sé:
- Khoang cach dén diém ma duong do thi bang phang goi la range.
- Gia tri dat dén range duoc goi la sill (Tuc 1a tong bién dong duoc giai thich bai cau tric
khéng gian va nugget effect).
- Giatri ma do thi chan trén truc y goi 1a nugget effect.

Semivariogram thuc nghiém duoc st dung dé md phong theo mot mé hinh 1y thuyét phi hop
nao do nhu spherical, exponential, bessel,... (McBratney and Webster,1986). M6 hinh nay cho



phép tinh toan céc gia tri semivariogram d6i vai bat ky h can thiét cho phan tich dia thong ké
nhu Kriging or cokriging.

Kriging

Mot kieu chuan cua kriging duoc goi la ordinary kriging (OK). OK 1a dong nhét véi phuong
phép hoi quy tuyén tinh da bién s6. M6 hinh OK dugc thé hién nhu cong thuc (2).

Z(sp) = XL, 4, z(s)) @)

Z(So) la gia tri noi suy ¢ vi tri So, z(si)) 1a gi& tri mau & vi tri d6, A 1a trong s6 dwoc 4n dinh cho
maoi gid tri mau.

Regression - kriging

Regression - kriging (RK) 1a phwong phap tich hop giita 2 phuong phap hdi quy tuyén tinh don
bién va da bién vai kriging (Goovaerts, 1997, McBratney et al., 2000, Odeh et al., 1995). Trong
RK, su khong chic chin cua mé hinh dugc biéu dién boi re5|duals Viéc ude lugng duoc ket
hop gitra 2 phan i) udc luong thu dugc tir viéc phan tich hdi quy bién s chinh yéu véi bién sb
phul tro; ii) phan chénh léch residuals duoc udc luong tir OK. Nhitng wdc luong nay duoc thuc
hién riéng ré. Cong thuc cua Regression-kriging duoc tinh nhu sau:

Zye (5p) =1 (8p) + € (55) 3)

2 (S0) = Zheo B k-G (S0) + BTy A; - e(s)) 4)
Trong d6 #i(sp) 1a phan quyét dinh sy phu hop (regression), &(so) 1a residual dugc noi suy, £k la

hé s6 md hinh, gy 1a trong s6 duoc xac dinh béi chirc ning semivariogram. 4, la trong s6 kriging
dugc xac dinh beoi su phu thuéc khong gian cua residual va e(s;) la residual ¢ vi tri s;. Trong
nghién ctru nay Gstat package chay trong R duoc st dung dé phan tich kriging don bién va da
bién dé udc luong trix luong rung.

Phan bé thuc nghiém cua bién sé

'Bién s6
A
Gia tri mau m(s)

_—_——h-
2s) j\t 4— Duong hdi quy

‘\”J\]

h‘ﬁ\f\, J'l, /AIF\ e(s) U'e lugng bing
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Hinh 2. D4 thi biéu dién regression-kriging: mt cat doc cua phan phi gia dinh cua mot bién
moi truong trong khéng gian theo chiéu ngang (nguon: Hengl, 2007)

3. KET QUA VA THAO LUAN

3.1 Phan tich dia théng ké véi md hinh regression kriging

Variograms duoc str dung dé phan tich khong gian thudc tinh cua trit leong. Do d6 thi léch phai
va pham vi gia tri cua trit luong 1a rong, nghién ciru da chuyén ddi bién sé trir lugng thanh
logarit. Viéc d6i bién s6 nham dua chudi dit liéu & dang roi rac tro nén lién tuc va cé dang phan
bd chuan va day ciing 1 yéu cau trong phan tich mé hinh héi quy. Diéu nay cho phép giai doan
két qua duoc d& dang hon (Rossiter, 2007; Hengl, 2007). Semivariogram duoc tinh dua trén
dam may variogram thuc nghiém. Sau d6 cac moé hinh semivariogram khac nhau nhu Spherical,
Exponential, Gaussian, Circular, Bessen va Pentaspherical dugc thir nghiém dé tim ra mé hinh
pht hop nhat. Trong nghién ctiu nay, mod hinh Spherical cho thay 1a mé hinh phii hop hon so véi
cac mo hinh con lai nhu da dé cap. Vi vay n6 di duoc xem nhu mé hinh 1y thuyét dé &p dung
ude luong khong gian. M6 hinh nay cé gia tri nugget 1a 0.30, sill 1a 0.75 va range la 700 nhu
hinh 4. M6 hinh nay sau d6 dugc ap dung dé phan tich dia thong ké gitra logarit trir luong rung
va cac DN. Theo (Ripple, 1985), viéc ap dung logarit hda cho thiy d6 thi gan véi phan bd
chuan hon c6 18 1a vi quan hé tiém can tu nhién cua no. Diéu do6 cling dugc tim thay trong cac
nghién ctu trude day khi ho tim hiéu méi quan hé giita nhan té diéu tra ring ké ca trix luong
lam phan véi gia tri anh (Ardo, 1992; Peterson, 1987; Ramann, 2004; Ripple et al., 1991).
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Hinh 3. Histogram cua trir lwong va logarit trir lwong
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Hinh 4. Vairogram thyuc nghiém pht hop véi mé hinh ly thuyét spherical cua log (trit lwong)
4.2 Panh gia d¢ chinh xac ciia cac m6 hinh

Sai s6 trung phuong va sai s6 binh quan duoc st dung dé danh gia két qua ude luong sir dung 3

loai dit liéu nhu da dé cap. Két qua dugc tong hop trong bang 2.

Bang 2. Sai 6 wéc lirong tri long sir dung 3 logi diz liéu SPOT khéc nhau

?m'\é'f]'; 1) |RMSE %) '(\r"né'ﬁa 5 |MAE®)
Regression - Kriging 4 kénh | 73.18 35.44 43.55 21.09
Regression — Kriging PC 91.86 47.33 57.97 29.87
Regression — Kriging NDVI | 143.23 90.09 95.86 60.3

Két qua cho thay sir dung phuong phap RK véi sy ¢6 mét cua ca 4 kénh anh SPOT 5 cho két
qua chinh x4c nhat véi sai sb trung phwong khoang 73m%ha voi sai sb trung binh gan 44 m>/ha.
Trong khi d6 sai sb khi sir dung anh chi s6 thuc vat (NDVI) cho két qua kém nhét véi sai s6 gan
gap doi sai s6 cua dir liu gom 4 kénh caa anh SPOT 5. Piéu nay ching to doi voi dir liéu cua
anh vé tinh SPOT 5, su ¢6 mit cia nhiéu kénh tham gia trong phan tich s& cung cip nhiéu thong
tin hon tirng kénh riéng ré nhu NDVI hoic kénh chuyén dbi PCs. NDVI thuong duoc st dung
rong réi cho nhiéu nghién ciu vé thyc vat nhung né cho thay khéng hiéu qua trong trudng hop
nay. Pay c6 thé do dong luc ty nhién cua diéu kién ring lam giéi han kha ning giai doan tir
ngudn thong tin riéng ré nhu NDVI. Theo Beusch et al. (2005), vi NDVI duoc lay tir gié tri
quang phd cua anh nén bat ky kha ning bién ddi ciu tric ring nhu do tan che, mat do,...déu
lién quan dén viéc tinh NDVI. Tuy vay theo Lu et al. (2003), khi d6 che phu rimg cang tang l€én,
tang tan cling tré 1én khong dong nhat trong 1am phan, diéu d6 ciing s& 1am giam phan xa pho va
két qua 1a ¢ su bdo hoa phan xa trong thu nhan thang tin thuc vat tir anh vé tinh. Trong truong
hop nay mdi quan hé ciing dugc xac dinh khi kiém tra két qua udc luong trix luong va trit luong
thuc té. Quan sat hinh dudi day (hinh 5) c6 thé thay bién dong cang tang khi trit lugng cang ting
(b).
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Hinh 5. Trix lugng ring thyc té (truc x) va trir lugng duoc ude lugng théng qua mé hinh (truc
y): (a) regression-kriging vai 4 kénh SPOT 5, (b) regression-kriging vai PCs, (c) regression-
kriging NDVI

4.3 X4y dung ban do trir lwong

Ban d0 trir luong rimg da dugc tao bang phuong phap regression—kriging dua trén cac 4 kénh
anh SPOT, PCs, va NDVI vei Gstat trong moi truong R. D€ de quan sat hon, cac ban do nay
sau d6 dugc bién tap trong phan mém AcrGIS. Cac ban do thé hién trong hinh 6 dudi day:

o

Hinh 6. Ban do trit luong rung sir dung phuwong phap Regression-kriging vai 4 kénh SPOT 5
(@), 3 kénh PCs (b), va NDVI (c)

6. KET LUAN

Udce lugng trix luong riang su dung anh vé tinh da dugc thyc hién rong rai ké ca trong nghién
ctru va trong thuc té bang cac phuong phap khac nhau. Tuy vay viéc nay hau hét tap trung ¢
ring o6n doi, rung l& kim hoac ring trong Tuong dbi hiém céac nghién ctu dugc thuc hién ¢
ring nhiét d6i, dac biét 1a ring ty nhién hon loai ¢ Viét Nam. Viéc tim kiém méi quan hé giira
gia tri phan xa phd cta anh vé tinh va nhan t diéu tra rimg nhu trit lwong rirng trong nghién ciru
nay c6 thé 1a tiém ning ap dung trong cau tric ring phuc tap nhu di twong rimg thuong xanh 14
rong & Tay Nguyén, Viét Nam. Du thé hién 1a mot trong nhitng phuong phéap tiém ning dé wéc
lwong trir luong rimg dé giam chi phi vé thoi gian ciing nhu nhan vat lyc, do chinh xéc thu dugc
tir phuong phap regression-kriging trong truong hop, nay van con kha thap (sai s& +73m3/ha) Vi
vay n6 duoc kién nghi ap dung trong truong hop diéu tra ring tong thé dé cung cap dir liéu co



tinh chat dinh huéng. Do d6 nhiing phuong phap khac nhu cokriging, ordinary kriging cting can
quan tam dé ap dung trong nghién ctu tiép theo dé co thé cai thién do chinh xac. Ngoai ra dic
diém semivariogram ciing c¢6 thé bi anh hudong theo hudng, do d6 khai thic mo hinh
semivariogram véi sy anh huong theo huéng co thé 12 mot cha dé tha vi trong cac nghién cau
tiep theo.

ABSTRACT

Title: “Applying geostatistic to estimate stand forest volume based on SPOT 5 data”

This paper discribes potential application of geostatistic method in predicting stand volume
based on satellite images for disturbed natural forests in the Central Highlands of Vietham. The
study tested different image data such as original 4-band combination of SPOT 5, Principle
Component (PCs), and Normalized Difference Vegetation Index (NDVI). The independent field
data was then used to validate the results using Root Mean Squared Error (RMSEs) and Mean
Average Error (MAES) as the criteria of accuracy assessment. The result shows that presence of
all band SPOT 5 represented as the best one compared to others.
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