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Tom tit:

Viéc tich hop cong nghé UAV (Unmanned Aerial Vehicle) voi cac thudt toan hoc may dang mo
ra hwdng tiép can hiéu qua trong viéc xir Iy va phan tich dir liéu khong gian. Bai bdo ndy thwc hién phin
loai I6p phii bé mdt bang cach immg dung hai thudt todn hoc mdy phé bién la Random Forest (RF) va
Support Vector Machine (SVM) trén phan mém ArcGIS Pro. Qua xir Iy danh UAV thu dwoc anh triee giao
¢6 dg phén gidi cao (2,57 cm/pixel) tai khu vue quin 4, TP. Ho Chi Minh phuc vu cho qud trinh phén
logi. Két qud thyc nghiém cho thafy thudt toan SVM dat hiéu quad 16t & mét sé l6p kho nhw phuong tién
va thuyén véi dp chinh xdc nguoi dimg cao hon so véi Random Forest (RF). Tuy nhién, khi danh gid
téng thé dua trén dé chinh xdc toan cuc (Overall Accuracy — OA) va hé 56 Kappa, RF lai vieot tréi hon
v6i OA dat 86,6% va Kappa 0,83, trong khi SVM chi dat 77,4% va 0,71. Piéu nay cho thdy RF cos do
chinh xdc cao va dwge danh gid phit hop hon cho viéc xdy dung ban do 16p phii bé mat tir die liéu anh
UAV. Nhitng két qua nay khang dinh tinh kha thi va hiéu qua ciia viéc iing dung anh UAV két hop véi
cdc thudt todn hoc mdy trong phdn tich va gidm sat khéng gian. Pdy la co sé quan trong dé phuc vu
cong tac quan Iy tai nguyén, quy hoach dé thi va bao vé méi trwong trong boi canh dé thi héa nhanh tai
cdc thanh phé lom.
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Abstract:

The integration of Unmanned Aerial Vehicle (UAV) technology with machine learning
algorithms is opening up an effective approach for processing and analyzing spatial data. This study
performs land cover classification by applying two popular machine learning algorithms, Random
Forest (RF) and Support Vector Machine (SVM), using ArcGIS Pro software. High-resolution
orthophotos (2.57 cm/pixel) obtained from UAV imagery over District 4, Ho Chi Minh City, were used
for the classification process. Experimental results show that the SVM algorithm performs well on some
challenging classes such as vehicles and boats, achieving higher user accuracy than Random Forest
(RF). However, when evaluated overall based on Overall Accuracy (OA) and the Kappa coefficient, RF
outperforms SVM, with OA of 86.6% and Kappa of 0.83, compared to SVM’s 77.4% and 0.71,
respectively. This indicates that RF has high accuracy and more suitable for constructing land cover
maps from UAV imagery. These results confirm the feasibility and effectiveness of applying UAV images
combined with machine learning algorithms in spatial analysis and monitoring. This provides a crucial
basis for resource management, urban planning, and environmental protection in the context of rapid
urbanization in major cities.
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1. Giéi thi¢u

Trong nhitng nim gan ddy, UAV (Unmanned Aerial Vehicle) hay con goi 1a thiét
bi bay chup khong nguoi 1ai, dang tré thanh mot trong nhiing cong nghé noi bat v6i kha
nang ung dung rong rai trong nhiéu linh vuc nhu ndng nghiép, 1am nghiép, xay dung,
khao sat dia hinh, phong chdng thién tai, ctru hd ctru nan va thdm chi ca an ninh quoc
phong [1-7]. Tan dung kha nang linh hoat vé thoi gian va khong gian, cong nghé¢ UAV
cho phép cong tac thu thap dir liéu mot cach nhanh chong, nhung van dam bao do chinh
xac cao [4] voi hinh anh c6 do phan giai vuot trdi so voi nhleu nguon anh Vlen tham khac
nhu anh v¢ tinh. Trong khi anh v¢ tinh bi gidi han boi cac yeu t6 nhu thoi tiét (may che
phu, swong mu), quy dao bay cb dinh hay chu ky chup lap dai, nguoc lai UAV ¢6 thé chu
dong veé thoi gian, d6 cao bay chup thap, hoat dong hiéu qua ¢ nhiing khu vue c6 dia hinh
phtre tap nhu ring ram, d6i nti hodc ving ven bién, day 1a nhitng ving ma cac hé thong
thu nhan dit liéu truyén thong thuong gap nhiéu khé khan hay tin hiéu phan hdi bi nhiéu
[5]. Bén canh d6, chi phi trién khai bay chup UAV tuong d6i thip so v6i chi phi mua anh
v¢ tinh thuong mai ¢6 do phén giai cao. Cong ngh¢ UAV con giup giam thiéu thoi gian
va ngudn nhan lyc, dong thoi ting tinh chu dong va nang sudt trong giam sat dinh ky hoic
g ph6 nhanh véi cac tinh hinh nguy cap nhu sat 10, chay rimg, ngap lut... [2,5]. Chinh
vi vay, nhitng uu diém vuot troi nay gilup cho cong nghé UAV tr¢ thanh cong cu déc luc,
khong thé thiéu trong cac nghién ctru va ting dung lién quan dén giam sat tai nguyén méi
truong va ciing nhu theo doi hién trang 16p phu bé mit [1,6,7].

Trong bdi canh bién d6i khi hau ngay cang dién bién phirc tap, viéc theo ddi va phan
tich 16p phu bé mat tré thanh mot nhiém vu quan trong, dong vai tro then chdt trong cong
tac quan ly, danh gia hién trang va hoach dinh cac chinh sach thich tng. Thong tin vé 16p
phii bé mat khong chi hd trg thanh 1ap ban d6 hién trang 16p phu ma con giup giam sat
cac bién dong theo thoi gian, phat hién cac xu hudng thay d6i trong canh quan do tac
dong cua con nguoi hodc cac yéu t6 tur nhién gay ra. Tuy nhién, viéc cap nhét thuong
xuyén dir liéu 16p phu 1a co s¢ dé ra quyét dinh nhanh chéng va hiéu qua. Mt khac, mot
thach thire 16n dét ra trong qua trinh phan tich 16p phu 1a Iya chon thuat toan phan loai
phu hop voi tirng loai anh, tung khu vuc dia Iy hoac tuy vao giai doan thoi gian cu thé.
MGdi thudt toan phan loai déu c6 nhitng uu va nhuoc diém riéng va hiéu qua ciia chiing co
thé thay dbi dang ké tury thudc vao diéu kién dit liéu dau vao nhu do phan giai, loai cam
bién, mirc d6 nhidu hay déc diém 16p phu. Do d6, viéc lya chon phwong phap phén loai
ludn doi hoi su can nhic gitra d6 chinh xac, kha nang tong quat hoa va hiéu suat xur 1y.
Nhiing ndm qua, sy phat trién manh mé cua tri tué nhan tao va hoc may (Machine
Learning) dd mé ra hudng tiép can méi gitp nang cao dang ké hiéu qua trong phan loai
anh vién tham. C4c thuat toan hoc may nhu Random Forest (RF), Support Vector Machine
(SVM), Classification and Regression Trees (CART), ... da duogc tich hop rong rai trong
cac nghién ciru va ing dung thyc tién cho thay kha nang vuot trdi trong viée xir 1y dir liéu
16n [6-8].

Duya trén nhiing co s& 1y thuyét vé cong nghé UAV va cac ung dung thyc tién da
dugc trinh bay, bai bao nay dugc thuc hién véi muc tiéu chinh 1a giam sat 16p phu bé mat
(land cover) gdm mat nudc, thuc vat, duong giao thong, dat trong, nha &, phuong tién (xe
hoi, xe tai), bdi dau xe va tau/thuyén théng qua anh chup UAV. Ddng thoi, phan tich va
danh gia kha nang phén loai 16p phti bé mit cua hai thuat toan hoc méay phd bién: Random
Forest (RF) va Support Vector Machine (SVM), duoc trién khai trén phan mém ArcGIS
Pro. Trong do, Random Forest (RF) c6 kha nang xu 1y dit li€u phtrc tap, khong nhay cam
v6i nhidu va cung cap két qua on dinh nhd co ché két hop nhiéu cay quyét dinh (Decision
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Trees) trong qua trinh huan luyén [8,9,11]. Pbi v6i Support Vector Machine (SVM) lai
hiéu qua trong viéc phan loai cac d6i tugng c6 bién phéan 16p phi tuyén, nho sir dung cac
ham kernel dé mé rong khong gian dic trung, ddng thoi van dat d6 chinh xac cao ngay
ca véi tap dir liéu huén luyén nho [8,10-12]. Do dé, ca hai thuat toan nay phu hop phan
loai nhiéu 16p phu trén anh UAV d6 phén giai cao. Viéc két hop va so sanh khong chi
gitip nang cao do tin cdy trong phén loai 16p phii bé mit ma con ting kha ning chon lya
mo hinh phut hop nhét véi muc tiéu nghién ctru [7,8].

Thye nghiém bay chup anh UAV da dugc tién hanh tai khu vuc Quan 4, Thanh phé
Hd Chi Minh véi dién tich khoang 8,1 ha vao nim 2017 bang thiét bi flycam Phantom 1a
mot trong nhitng dong UAV dan dung pho bién c6 kha nang thu nhan anh chét luong cao.
Trong qua trinh bay chup, thu thap dugc 100 dnh c6 do phan giai cao voi mic do ché)ng
lap (overlap) giita cac anh 16n hon 70% nham bao dam yéu cau vé do phu anh phuc vu
cho cac quy trinh xtr ly, tao diém dam may, xay dung anh truc giao va dic bi¢t 1a phan
loai 16p phu bé mit. Hinh 1 thé hién dia diém bay chup véi cac vi tri chdm xanh tuong
ung la tdm anh, dugc hién thj trén phﬁn mém Agisoft. Viéc biéu dién cac tim anh nay
gitip minh hoa 1 rang pham vi va b tri cta cac diém anh thu thap dugc trong qué trinh
bay UAV.
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Hinh 1. Khu vuc bay chup
Mac du dir li¢u thu thap khong con mang tinh thoi sy, cap nhat hién nay, tuy nhién,
van mang gia tri nghién ctru khoa hoc cao. Cu thé, bo dit liéu ndy cung cap mot nén tang
thuc nghiém thich hop dé dénh gia hiéu qua cua viéc tich hop dir liéu anh UAV co6 do
phan giai cao véi cac thuat toan hoc may tién tién trong phén tich va giam sat 16p phu bé
mit do thi. Viéc tng dung hai thuat toan hoc may phd bién 1a Random Forest (RF) va
Support Vector Machine (SVM) trén anh UAV mang lai cai nhin sau sic vé kha ning
phén loai chinh xac céc loai 16p phti nhu nha ¢, cay xanh, mat nudc, dudong giao thong,
phuong tién giao thong (xe hoi, xe tai)... trong moéi truong do thi phic tap. Quan trong
hon, bai bao nay gop phan khang dinh tinh thyc tién va ing dung rong réi cua dir liéu anh
UAV trong cong tac giam sat tai nguyén dat dai, ho tro ra quyét dinh quy hoach db thi va
quéan 1y méi truong. Qua d6, nham chimg minh tiém nang cia viée két hop cong nghé bay
chup khong nguoi 14i véi cac mo hinh hoc may trong linh vuc phan tich dir liéu khong
gian hién dai.
2. Phwong phap nghién ciru
Dé giam st 16p phu bé mat do thi tai quén 4, TP. Ho6 Chi Minh, nghién ciru tap
trung phan loai cac dbi trong gém (1) mit nude, (2) thue vat, (3) dudng giao thong, (4)
dat trong, (5) nha 6, (6) phuong tién (xe hot, xe tai), (7) bai dau xe va (8) tau/thuyén nham
xdy dung ban dd 16p phu bé mat phuc vu cong tac quan 1y khong gian d6 thi. Dit liéu
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UAV dugce xtr ly dé xay dung anh tryc giao c6 d6 phan giai cao va dong thoi, phan loai
bang cac thuat toan Machine Learning, nhu trinh bay & Hinh 2.

[ Thu thap va tién xu 1y |
dit liéu UAV

Xay dung tap dir ligu
huéan luyén

g 3
Phan loai l6p phu bang
thudt toan hoc may

Panh gié sai sb va
chi s0 Kappa

Trinh bay két qua va
thanh l1ap ban do

Hinh 2. Quy trinh thuc hién

Trong d6, phuong phap xir Iy tap anh UAV duoc thuc hién trén phan mém Agisoft
Metashape Professional théng qua cac thudt toan thi giac may tinh giap chuyén doi dir
lidu anh tho thanh san pham ban db c6 do chinh xéac cao [13]. Qua trinh xtr 1y anh bao
gbm céc budc ghép anh, nan chinh énh vé dung hé toa do VN2000 véi kinh tuyén truc
105045 nhd vao 6 diém khong ché mit dat. Tlen hanh tao diém dam may (Point Cloud)
v6i mat @6 diém day dic nham dam bao cung cap day du thong tin vé bé mat dia hinh
cling nhu cac d6i trong tu nhién (ciy c¢bi, mit nudc, ...) hay cc cong trinh nhan tao (nha,
duong giao thong, phuong tién,..). Sau cung xay dung anh truc giao (hay con goi binh d6
anh) l1a anh da duoc hiéu chinh dé loai bo bién dang do gbéc nhin va dg cao nham tao ra
ban dd anh chinh xac theo ty 18 [13] phuc vu cho budc phan loai tiép theo.

Céc 16p phu bé mat trén anh tryc giao dugc phan loai bang phuong phap hoc may
Machine Learning trén phﬁn mém ArcGIS Pro - mot nén tang GIS toan dién, manh mé,
c6 kha nang x1r ly va phan tich dir liéu khong gian tu nhiéu nguén khac nhau, dac biét
phu hop véi xu hudng tich hop dit liéu UAV va tri tu¢ nhan tao trong giam sat va quan ly
tai nguyén hién nay. Bai bao sir dung hai thuat toan hoc méay c6 giam sat ph bién dé thuc
hién phan loai &anh UAV: Random Forest (RF) va Support Vector Machine (SVM).

Thuat toan Random Forest, do Breiman d& xuat vao nam 2001, 1 mot phuong phap
dua trén nguyén 1y rimg ciy quyét dinh, trong d6 nhiéu cay quyét dinh (Decision Trees)
dugc xay dung doc 1ap trén cac tap dir lidu con dugc 14y mau ngiu nhién co hoan lai
(bootstrap sampling). M&i cdy chi xem xét mt tdp con ngau nhién céc dac trung tai moi
nut phén chia, tir d6 tao nén sy da dang gila cac cdy trong rung. Két qua phan loai cudi
cung dugc xac dinh theo nguyén tic bo phiéu da sd gitra cac cay.Cach tiép can nay gitp
giam phuong sai m6 hinh, nang cao d¢ chinh xac va d6 6 on dinh cta qua trinh phan loai,
ddng thoi han ché hién twong qua khép (overfitting), von thuong gap khi xtr 1y dit liéu
phuc tap nhu anh UAV. DPéc biét, véi anh UAV c6 d6 phan giai cao va chira nhiéu dic
trung pho - hinh hoc, RF c6 thé khai thac hiéu qua toan bé thong tin dau vao dé phan loai
chinh xac cac 16p phu bé mat nhu: thuc vat, mat nudce, nha &, duong giao thong va dat
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tréng. Ngoai ra, RF con dugc danh gia cao nhod kha ning dé trién khai, hiéu suét 6n dinh
va kha nang khang nhiéu, ngay ca khi s6 lwgng mau huan luyén khong 16n. Nho nhiing
wu diém nay, RF di tro thanh mot lwa chon phd bién trong linh vuc vién tham va 1ap ban
d6 16p phu tir dit liéu UAV [8-10].

Bén canh RF, bai bao con str dung Support Vector Machine (SVM) — mot thuat toan
phén loai manh mé cling thuéc nhém hoc may c6 giam sat. SVM hoat dong dya trén
nguyén 1y tim kiém mat siéu phang (hyperplane) t61 wu nham phén tach cac nhom dir licu
khac nhau sao cho khoang cach tur siéu phing dén cac diém dit liéu gin nhét cia mdi
nhom (cac vector hd trg — support vectors) 1a 16n nhat. Piéu nay gitp ting cuong kha
nang phan biét gilra cac 16p, dac biét trong truong hop dit li€u cd bién phan tach hep hodc
phuec tap. Khi ap dung cho anh truc giao tr UAV, SVM cho théy hiéu qua cao trong viéc
nhan dang céc loai 16p phi bé mit nhu: thuc vat, mit nudc, dat trong, nha ¢, dudng va
phu:ong tién. Nho kha nang t6i uu hoa ranh gidi giita cac 16p, SVM dic biét hitu ich trong
viéc phan biét cac 16p c6 phd twong dong. Tuy nhién, hiu qua cua SVM phu thude nhiéu
vao viéc lya chon diing ham kernel ciing nhu t6i wu cac tham s6 nhu h¢ s6 C va gamma.
Néu duogc hiéu chinh hop 1y, SVM c6 thé mang lai két qua phan loai 6n dinh va chinh
xéc, ngay ca trong truong hop dit liéu huan luyén con han ché — mot dac diém thudng gip
trong xu ly anh UAV [8, 10-12].

Ngoai ra, trudc khi thye hién phan loai, bai bao tién hanh tao Segmentation nham
phan chia anh raster thanh cac ving (segments) dong nhat, duwa trén cac dic diém nhu:
mau sac (gia tri pixel), hinh dang, d¢ lién mach khong gian. Mdi ving két qua goi 1a mot
dbi twong anh (image object), dugc dung dé phan tich va phan loai thay vi timg pixel
riéng 1é voi cong cu Segmentation trong Imagery d6i voi anh orthomosaic. Sau do, thuc
hién chon mau huan luyén bang céng cu Training Sample Manager v6i 1533 mau (Hinh
3) trong d6 mat nude (107), thuc vat (247), duong (197), dat trng (92), nha (687),
phuong tién (114), bai dau xe (76), thuyén (10). Qua trinh phén loai 16p phu duoc thuc
hién boi cong cu Image Classification Wizads trong Imagery va dong thoi chon lan luot
thuat todan RF va SVM. Cudi cung, xir Iy anh sau phan loai gitp tao cac ving 16p phu
duogc phan tach rd rang, truc quan bang cong cu Majority Filter va Reclassify.

Hmh 3 Mau huan luyen phan loal Hinh 4. Méu danh gid d¢ chinh xdc

Phuong phap danh gia d chinh xac sau phan loai. Str dung cong cu Create
Accuracy Assessment Points trong ArcGIS Pro dé tao ra cac diém kiém dinh ngiu nhién
(Stratified random) dua trén két qua raster phan loai cia 2 thuét toan véi tong sé lugng
mau danh gia 12 500 diém (Hinh 4) nham d6i chiéu v6i Google Earth Pro. Dé so sanh tinh
hi¢u qua trong phan loai, cing nhu d6 tin cdy cua 2 thudt toan, bai bao thyc hién xay dung
ma tran sai s0 (Confusion Matrix), tinh toan d¢ chinh xac téng the (Overall Accuracy) va
hé s6 Kappa (Kappa Coefficient). Trong d6, hé s6 Kappa la chi s6 thong ké phan anh murc
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do dong thuan gitta ket quéa phan loai va dit liéu tham chiéu, c6 xét dén kha ning xay ra
su dong thuan do ngau nhién. Gié trj Kappa dao dong tir 0 dén 1, trong d6 gia trj cang gan
1 thé hién mirc d6 phan loai cang chinh xac va dang tin cdy [14]. Khac v6i do chinh xac
tong thé (Overall Accuracy), hé s Kappa cung cip mot cach tlep can nghiém ngat hon,
dic biét hidu qua trong cac truong hop dit liéu phan bd khong ddng déu giira cac 16p.
3. Két qua nghién ctru va thao luin
3.1. Két qud nghién citu

3.1.1. Két qud phén logi I6p phii bé mdt theo thudt todn Machine Learning

Sau khi xir 1y dir liéu anh UAV, két qua anh tryc giao duoc xdy dung c6 do phan
giai rat cao véi 2,57 cm/pixel (Hinh 5) va dugc tao boi 9,5 tridu diém dam may (point
cloud) cho phép tai hién chi tiét va truc quan cac dbi twong trén bé mit dia hinh tai khu
vuc nghién ctru. Do chi tiét ndy dong vai tro dic biét quan trong trong viéc phan tich,
nhén dang va phén loai cac dac diém khong gian cua céc loai 16p phu.

Hinh 5. Anh truc giao
Chau thich
B Mat nuoc
- Thue vat
P buong

Dit trong

Nha

Phuong tién
I Bii dau xe
P Thuyén

Hinh 7. Lép phii véi SVM
Két qua phan loai 16p phii bé mit 1an luot bang thuat toan Random Forest (RF) va
Support Vector Machine (SVM) dugc thé hién qua Hinh 6 va Hinh 7 véi 8 loai l6p phu
gom madt nudc, thyc vat, dat trong, duong, nha o, phuong tién, bai dau xe va thuyén. Tuy
nhién, mdi thuat toan lai thé hién wu va nhuoc diém riéng trong qua trinh phén loai. Cu
thé thuat toan Random Forest da thé hién kha ning phén loai 6n dinh va kha r6 nét ranh
gidi gitta cac 16p phu. Céc 16p nhu thuc vat va mét nudc duge nhén dién rat 1o, dic biét
1a ving thuc vat (mau xanh 13) c6 su lién mach va it bi phan manh. Ngoai ra, cac 16p nhu
nha ¢ va duong cling dugc phén biét kha rd, gitip ban d6 co tinh tryc quan cao va dé dang
quan sat (Hinh 6). D6i voi thuat toan SVM co xuat hién mot sb sai s6t nho, ching han
nhu cic ving bi nham 14n giita 16p duong va dit tréng hodc giita nha & va phuong tién
(Hinh 7).
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3.1.2. Két qua dénh gid dé chinh xdc sau phdn logi [6p phii bé mdt

Qua bang 1 ma tran sai s cho thiy, mo hinh phan loai anh UAV bang thuat toan
Random Forest hoat dong kha hi¢u qua, véi d chinh xéac toan cuc dat 86,67% va hé s6
Kappa 12 0,83. Diéu nay cho thdy két qua phan loai c6 sy thdng nhat cao véi dit liéu thyc
dia, phan anh kha nang moé hinh nhan dién 16p phi mot cach dang tin cay. Céac 16p nhu
mit nude, thyuc vat, dat tréng va nha dugc phan loai véi do chinh xé4c cao. Trong do6, 16p
mat nudc cd do chinh xac nguoi dung cao 97,1%, cho théy kha nang nhan di¢n rd rang
va rét it bi nham 1an. Céc 16p c6 dic trung hinh thai va quang phd rd nét thuong duoc
phan loai chinh x4c hon. Tuy nhién, d6 chinh xac ¢ mét sé 16p nhoé nhu phuong tién
(26,3%) va thuyen (5,8%) thi kha thap. Phuong tién va cac 16p nhu nha, thyc vét hodc bai
dau xe c6 nhiéu nham 1an trong nhan dién mau sic (pixel), hinh dang. Nguyén nhén co6
thé xuét phat tir dién tich vat thé nho, xuat hién tam thoi, bi che khuat hodc ¢ dic tinh
phé tuong déng v6i cac 16p khac. Lop thuyén 1a mot trong nhiing 16p c6 @6 chinh xéac
thap nhat véi do chinh xac ngudi dung chi dat 5,8%. Nguyén nhén 1a do dic diém hinh
thai phire tap cua thuyen trong mgt con thuyen thudng c6 chira nhiéu vat dung khac nhau,
mdi vat dung c6 thé mang dic trung phd khac nhau (vi du: mai che, dong co, hang héa),
dan dén viéc mo hinh d& nhim 13n thuyén v6i cac 16p nhu mat nude, phuong tién hodc
nha. Bén canh do, trong qua trinh chon mAu huan luyén, nhém da khoanh viing toan bo
con thuyén lam mét ving ddi tuong duy nhit dé dam bao tinh day du, tuy nhién diéu nay
lai 1am tang muc d6 khong ddng nhat vé pho trong mdi mau. Do sO luong thuyen trong
anh UAV khong nhiéu va c6 sy da dang vé hinh dang, mau sdc, nén sb mau huan luyén
cho 16p nay ciling bi han ché, gop phan lam giam do chinh xac khi phéan loai. Tur nhimg
két qua trén, c6 thé danh gia ring mo hinh da thyc hién tot ddi véi cac 16p 6n dinh, dé
nhan dang. Tuy nhién, dé nang cao hiéu qua phan loai vdi cac 16p kho, nén ting cuong
sO luong mau huin luyén, cai thién budc phan doan nham ting kha ning phan biét cac

dbi tuong phtrc tap hon.
Bang 1. Ma tran sai so voi thudt toan Random Forest
o < , Bii PCX
Lép phu Mg}t Th}rc Puong D;at Nha Ph!{o’ng dau | Thuyén | Tong | nguoi
nuoc vat trong tién 3
xe dung
Mz‘,lt 68 2 0 0 0 0 0 0 70 97,1%
nwoc
Thuc vt 0 142 2 15 1 0 0 0 160 | 88,8%
Puong 0 0 18 0 2 0 0 0 20 90%
Pittrong | 0 0 59 2 0 0 0 63 | 93,6%
Nha 1 1 1 1 115 1 0 1 121 95,1%
Phuong | 1 0 1 8 5 1 0 19 | 263%
tien
Ba;g’*‘“ 0 0 9 0 3 1 21 0 25 | 84%
Thuyén 1 4 1 5 5 0 0 1 17 5,8%
Téng 71 154 22 81 136 7 22 2 500
PCX nha
. £ 95,7% | 92,2% | 81,8% | 72,8% | 84,5% | 71,4% | 95,4% 50%
san xuat
D chinh xéc toan cuc 86,6 %
Hé s6 Kappa 0,83

Dua trén ma tran sai s6 (Bang 2), mo hinh phan loai st dung thuat toan SVM dat
d6 chinh xac toan cuc 77,4% va hé s6 Kappa 0,71 cho thdy mirc d6 phu hop twong ddi tot
voi dit lidu thuc té. Cac 16p nhu mat nudce, thuc vat, duong va nha dugc phan loai kha
chinh xéc, ddc bi¢t 16p mat nudc dat dd chinh xac nguoi dung 92,6%, phan anh kha nang
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nhan dién vuot trdi nho dac trung phé rd rang. Tuy nhién, céc 16p c6 hinh thai nhd, phirc
tap hodc phd khong 6n dinh nhu phuong tién, bai dau xe va thuyén cho két qua chua cao.
Cu thé, 16p phuong tién dat 60%, thuong bi nham 13n véi nha ¢ hodc dudng. Nguyén
nhan c6 thé bit ngudn tir viée s6 luong miu hudn luyén con han ché, chua phan anh day
du sy da dang phd va hinh hoc cua cac ddi tugng trong timg 16p. Diéu nay anh huong tryc
tiép dén kha ning phén tach ctia mo hinh, déc biét dbi vai cac 16p co dac diém pho gan
nhau. Dé cai thién hiéu qua phan loai, can ting cuong sb luong va chat lvong mau huin
luyén, dac biét ddi voi cac 16p kho. ,
Bang 2. Ma tran sai so voi thudt toan Support Vector Machine

) < £ Bii PCX
LOT,’ M%t Th}'rc Puong D;at Nha PhEer’ng diu | Thuyén | Téng | nguoi
phu nuéc vat trong tién 2

xe dung
Mat |63 1 0 0 2 0 0 2 68 | 92,6%
nwoc
Thie 1o 146 0 1 4 0 0 0 151 | 96,7%

Puong 0 2 11 1 0 1 0 0 15 | 73.3%
Dat 0 16 0 54 2 3 1 0 76 71%

trong
Nha 0 8 0 6 96 1 4 1 116 | 82,7%

Phuong |, 0 0 0 4 9 2 0 15 | 60%
tién

Ba; g’-‘“ 2 0 1 0 0 7 0 10 | 70%

Thuyén | 0 24 2 9 11 2 0 3 51| 50.8%
Téng 63 199 13 72 119 16 14 6 500
PCX

nhasin | 100% | 733% | 84,6% | 75% | 80.6% | 562% | 50% | 50%
xuat

Do chinh xac toan cuc 77,4 %
Hé s6 Kappa 0,71

Qua phan tich Bang 1 va Bang 2 cho thdy, mic du thuat toan SVM dat két qua
kha t6t & mot sb 16p kho nhu phuong tién va thuyén voi do chinh xac nguoi ding cao hon
s0 v6i Random Forest (RF). Tuy nhién, khi danh gia tong thé, bai bao sir dung hai chi s6
chinh 14 d6 chinh xéc toan cuc (Overall Accuracy — OA) va hé s Kappa dé so sanh hiéu
suét gitra hai thuat toan. Két qua cho théy RF dat OA 1a 86,6% va hé sb Kappa 12 0,83,
cao hon dang ké so voi SVM véi cac gia tri twong ung 13 77,4% va 0,71. Piéu nay cho
thiy RF c6 hiéu suat phan loai tong thé t6t hon, dong thoi thé hién mirc d6 on dinh va
nhét quan cao hon so voi SVM. Mt khac, xét trén khia canh phan b khong gian cta cac
16p phi1 bé mat, thuét toan Random Forest cho thdy kha ning phan ving ranh gi6i rd rang
gitra cac dbi twong, dong thoi duy tri duoc cdu triic min va lién tuc trong khong gian. Day
1a yéu t6 quan trong trong viéc xdy dung cac ban do 16p phu c6 tinh truc quan cao va c6
thé tmg dung hiéu qua trong cong tac quy hoach, giam sat moi truong va quan ly tai
nguyén. Ngugc lai, ket qua phén loai tir thuat toan SVM mac du van dat do chinh xac
tuong d6i, nhung xuat hién mot s6 sai sot cuc bo, dién hinh nhu nham 1an gitta 16p duong
giao thong va dat trong, hodc gitra khu vyc nha ¢ va phuong tién giao thong. Nhimng 16i
nay co thé anh huong dén do tin cdy cua san pham ban db trong thyc tién.

3.1.3. Két qua xdy dung ban do 16p phii bé mdt
Thuéat todn Random Forest khong chi vuot troi vé mat théng ké thé hién qua h¢ )
Kappa ma con 6n dinh hon vé mit khong gian, mang lai két qua tryc quan rd rang va déang
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tin cdy hon, do d6 két qua phan loai cua RF phu hop hon cho muc tiéu xay dung ban do
16p phi1 bé mit trong nghién ctru nay (Hinh 6).

Ngoai ra, dién tich cua cac loai 16p pha bé mat di duoc tinh toan va tong hop thé
hién ¢ Hinh 9. Két qua thdng ké cho thay, thwe vat chiém dién tich 16n nhét véi 27.166,77
m?, khu vuc hién tai co ty I¢ cay xanh rat cao. Nha dtmg thu hai véi 19.729,07 m?, cho
thidy mat do xdy dung dan cu ciing kha 1én. Mit nuwée (11.366,61 m?) va dat trong
(10.344,40 m?) c6 dién tich & murc trung binh, dong gdép mot phan dang ké vao téng dién
tich. Cac 16p phu con lai nhu bai diu xe, dudng giao thong, phwong tién va thuyén déu
c6 dién tich nho hon nhiéu (dudi 4.100 m?), cho thdy cic hang muc ha tang va phuong
tién chi chiém mot phan nho so vai dién tich ty nhién va khu dén cu. Nhin chung, co cau
16p phu thién vé tham thyuc vat, dat trong, mat nude va khu dan cu, trong khi cac yeu to
ha ting va phuong tién chiém ty 1é thap hon.

Théng ké dién tich I&p phi

Mat nwdc
Thwe vat
buong giao théng 3.326,38
- Dét tréng 10.344,40
e
Q.
g Nha 19.729,07
—
Phuwong tién 3.039,09
Bai dau xe kY]
Thuyén 2.730,55
0,00 10.000,00 20.000,00

Dién tich (m2)

Hinh 9. Biéu do thdng ké dién tich I6p phu
Qua két hop ban dd 16p phu va biéu d6 co thé nhan thay khu vuc con nhidu quy
dat va khong gian dé phat trién trong tuong lai. Lop phu thyc vat tuy chiém dién tich 16n
nhung phan 16n 1a cay thap xen k& véi cac dai dat trong tap trung O trung tam va phia
Péng Béc cua khu vuc. Cac khu nay bang phang, tiép giap truc tiép véi tuyen duodng ven
song, tao diéu kién thuan loi cho viéc md rong do thi hodc xay dung ha tang.
3.2. Thao ludn
Két qua thyc nghiém cho thdy cac 16p phii bé mit trén anh truc giao dwoc xir 1y tir
dir liéu UAV da duoc phan loai mot cach hi¢u qua nho tng dung cac thuat todn hoc may
v6i d6 chinh x4c cta hé s6 Kappa dat 0,83 d6i voi Random Forest (RF) va hé s6 Kappa
dat 0,71 d6i voi Support Vector Machine (SVM). Diéu nay ching minh rang ca hai thuat
toan déu c6 kha ning hoc ot tir tap mau huan luyén, cho phép nhan dang va phén biét cac
16p pht khac nhau véi do chinh xac tuong d6i cao. Trong do6, thuat toan RF thé hién wu
thé rd rét hon khong chi vé do chinh xéc tong thé, tuy nhién thuat toan SVM dat hidu qua
kha t6t & mot s6 16p kho nhu phuong tién va thuyén, thé hién qua d6 chinh xac ngudi
dung cao hon so voi Random Forest (RF). Boi thuat toan RF dat hi€u qua cao hon c6 thé
xut phat tir ban chét cia thuat toan 1a mot mé hinh hoc may dang t6 hop nhleu ciy quyét
dinh gitip giam thiéu hién tuong qua khép (overfitting) va ting cuong do 6n dinh trong
két qua phan loai. Trong khi d6, SVM mic di manh trong cac bai toan phan tach tuyén
tinh hogc phi tuyén, nhung lai nhay cam véi nhidu va chat luong dit liéu huan luyén, diéu
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nay phan nao anh hudng dén hiéu qua phan loai khi 4p dung trén dit liéu UAV c6 d6 phirc
tap cao [1,8].

Viéc tich hop cong nghé UAV véi cac thudt toan hoc mdy, dién hinh nhu RF khong
chi mang lai nguén dr li¢u c6 d6 phan giai cao, ma con tao diéu kién thuan loi cho qua
trinh lya chon mau huin luyén nho kha nang nhén dién truc quan cac dédi tuong trén anh.
Diéu nay khong nhiing gitip ting d6 chinh xac cua két qua phan loai, ma con gop phan
nang cao hiéu qua trong cong tac xay dung ban dd 16p phu bé mat, tir d6 phuc vu t6t hon
cho cong tac quan Iy va quy hoach d6 thi. Tuy nhién, bai bao van con gip mot s han ché
nhét dinh nhu trong qué trinh xtr Iy anh UAV mat nhiéu thoi gian, ddng thoi viée tao dlem
dam may (Point Cloud) chi dimg & mirc o High thay vi mirc Highest do han ché vé cau
hinh phéan ctng, da lam cho mat do diém dam may chua du day dic dé mé ta chi tiét cac
dbi tugng trén bé mat dat. Mic du, két qua phan loai 16p phu kha tuong dé)ng vo1 anh trire
giao d6 phan giai cao nhung chua phan anh chinh xac thuc té do con sai sot, vi thé can
tién hanh chon mau nhiéu hon va da dang hon giup nang cao do chinh xac. Ngoai ra, dé
nang cao d9 tin cay trong két qua phan loai, mot hudng tiép can tiém ning 14 két hop cong
nghé UAV vai céac thuat toan hoc sdu (Deep Learning), dic bi¢t 1a nhitng mo hinh dya
trén mang no-ron nhén tao (Artificial Neural Networks). Cac md hinh hoc séu c6 kha
nang tw dong hoc va trich xuét ddc trung tir dir liéu anh UAV véi do chinh xéac cao, nhd
vao céu tric nhiéu 16p va kha nang xu 1y di liéu phure tap. Su két hop nay khong chi gitip
cai thién do chinh x4c trong phan loai 16p phu bé mit ma con tao tién dé cho viéc xay
dung céac hé thong giam sat thong minh, phuc vy hiéu qua cong tac quy hoach va quan ly
do thi [7,15].

4. Két luan

Viée tich hop cong nghé UAV va cac thuat toan hoc may khong chi gitp khic phuc
nhiing han ché cia cac phuong phap truyén thong trong phan loai anh vién thim, ma con
mé ra mot hudng tiép can hién dai trong xtr Iy va phan tich dir liéu 16n véi do phan giai
cao. Két qua thuc nghiém cho thay, thuat toan SVM dat hiéu qua kha tot & mot s 16p
khé nhur phuong tién va thuyén, thé hién qua do chinh xac nguoi ding cao hon so véi
Random Forest (RF). Tuy nhién, khi d4nh gia tong thé dua trén cac chi s6 d6 chinh xéac
toan cuc (Overall Accuracy — OA) va hé s6 Kappa la nhiing thudc do phan anh hiéu suat
phan loai, trong d6 thuat toan RF lai cho két qua vuot trd1 hon, voi OA dat 86,6% va h¢
s6 Kappa 14 0,83, so v6i cac gia tri twong tng ciia SVM 1a 77,4% va 0,71. Piéu nay cho
thiy RF khong chi dam bao do chinh x4c cao, ma con thé hién tinh 6n dinh va nhét quan
hon trong toan bd qua trinh phén loai. Do do, thudt toan Random Forest dugc danh gié 1a
phu hop hon cho muc tiéu xay dung ban dd 16p phu bé mit tir dit liéu anh UAV. Nhitng
két qua dat dugc gop phan cung ¢o tiém nang ung dung rong rai cua cong nghé¢ UAV
trong giam sat tai nguyén dat dai, hd trg qua trinh ra quyet dinh trong quy hoach d6 thi
va quan 1y moi trudng. Qua d6, nghién ctru khing dinh trién vong cta viéce tich hop UAV
v6i cac m6 hinh hoc may nhu mét giai phap hiéu qua trong phén tich dir liéu khong gian
hién dai, phuc vu cho quan 1y d6 thi thong minh va phat trién bén ving.

Cam két clia cac tac gia

T4t ca cc tac gia c6 tén trong bai bao cam két sy dong thuan va khong c6 xung dot

loi ich trong cong bd khoa hoc tai bai bao nay.
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