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Xay dung chuong trinh ho tro phat hién va
théng ké cay xanh HCMUNRE _TreeVision1 tu
anh UAV st dung Deep Learning

Developing a program to support the detection and statistical analysis of trees: HOCMUNRE
TreeVision from LAV images using Deep Learning
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TGM TAT

Sur phat trién coa cang nghe may bay khang nguai lai (LAV)
va tri tué nhan tao da mé ra nhigu co hi trong gidm sat tai
nguyén rirng, quén Iy cay xanh da thj va ndng nghigp chinh xac.
Nghien ciru nay trinh bay qué trinh xay dung phién bén dau tién
cia chuong trinh HCMUNRE TreeVision - mat cang cu hé tro
tir dong phat hién va thang ké cay xanh tir anh UAV sir dung
ma hinh DeepForest. Chuong trinh duege phat trién bing ngan
ngir Python vai giao dign dd hoa (GUI), cho phép nguai ding
xir Iy hang loat anh UAV, tr dang phat hign vi tri cay, thing ke
s lugng cay, tinh toan dién tich tan cay dva trén ving bao
(bounding box). xudt dit ligu dudi dang CSV, GeoJSON va xudt
cac biéu da thang ke va phan tich. K&t qué thyc nghigm cho
thay chueng trinh ca kha nang xir Iy nhanh tap dir ligu UAV va
cung cép céc thang tin hé trg higu qua cho cong tac nghién ciru
va quan ly cay xanh.

Tir khda: May bay khang ngui lai (UAV); hoc sau; DeepForest;
phat hign cay; thi giac may tinh; phan tich lam nghigp.

1.DAT VAN PE

Trong nhitng nam gan day, anh chup tur UAV da tré thanh
nguodn di liéu quan trong trong linh vuc quan ly tai nguyén thién
nhién, lam nghiép va quy hoach d6 thi. So véi céc phuong phap
khao sat truyén thong, UAV cho phép thu thap ditliéu nhanh chong,
chi phi thap va dat d6 phan giai khéng gian cao [1, 10].
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ABSTRACT

The development of unmanned aerial vehicle (UAV) technology
and artificial intelligence has opened up many opportunities in
forest resource monitoring, urban green space management
and precision agriculture. This study presents the process
of building the first version (Version 1) of the HCMUNRE
TreeVision system - a tool that supports the automatic
detection and statistical analysis of trees from UAV images
using the DeepForest model. The system is developed in
Python with a graphical user interface (GUI), allowing users
to process batches of UAV images, automatically detect tree
locations, statistically analyze the number of trees, calculate
canopy area based on the bounding box, export data in CSV and
GeodSON formats and generate analytical graphs. Experimental
results show that the system is capable of quickly processing
UAV datasets and providing effective information to support
research and management of green spaces.

Keywords: UAV: deep learning; DeepForest; tree detection;
computer vision; forestry analytics.

Song song Vvéi su phat trién ctia UAV, cac phuang phap hoc
sau (Deep Learning) da ching minh hiéu qua vugt troi trong cac
bai toan nhan dang va phat hién déi tuong tir anh vién tham [3, 4].
Trong linh vuc 1am nghiép, nhiéu nghién ctu da tap trung vao viéc
phat hién tan cay ca thé ti dnh RGB c6 do phan gidi cao nhdm hé
trg cong tac kiém ké riing va quan ly tai nguyén thién nhién [1, 2].
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Tuy nhién, viéc phan tich tha céng s6 lugng I16n anh UAV doi
héi nhiéu thai gian va nhan luc. Do dé, viéc ting dung cac mé hinh
hoc sau nham ty déng phat hién va théng ké cay xanh dang tr&
thanh hudng nghién ctu dugc quan tam rdng rai.

Muc tiéu ctia nghién ctu la xay dung mot cong cu ho tro: Ty
déng phat hién cay trén anh UAV, théng ké s6 lugng cay, tinh toan
dién tich tan cay, xuat dit liéu phuc vu nghién ctu GIS, truc quan héa
két qué bang cac biéu d6 phan tich.

2.CO SO LY THUYET VA THIET KE CHUONG TRINH

2.1. Phat hién déi tugng bang Deep Learning

Phat hién déi tugng (Object Detection) la bai toan xac dinh vi
tri va phan loai cac déi tugng xuat hién trong anh. Cac mé hinh hién
dai nhu YOLO, Faster R-CNN va Mask R-CNN da dat dugc hiéu nang
cao trén nhiéu bo dit liéu chuéan [3, 4, 8].

M6t mé hinh phat hién déi tugng thudng tra vé: Toa d6 ving bao
(Bounding Box), nhan d6i tugng, d6 tin cay du doan (Confidence Score).

Trong nghién cliu nay, d6i tugng can phat hién la cac ca thé
cay xanh xuat hién trong anh UAV.

2.2. M6 hinh DeepForest

DeepForest la m6 hinh hoc sdu dugc phét trién chuyén biét
cho bai todn phat hién tan cay tir dnh vién tham c6 dé phan giai
cao[1,2].

M6 hinh dugc huan luyén trén cac tap dir liéu Iam nghiép quy
mo I6n va c6 kha ndng nhan dién: Cay rung, cay do thi, cac khu vuc
6 mat do cay cao [2].

DeepForest thu té la mot framework + pretrained model diing
dé: Detect tling cay trong &nh UAV, trd vé bounding box cho tiing
tan cay, udc lugng vi tri + kich thudc cay.

Uu diém clia DeepForest: Khéng yéu cau huan luyén lai d6i véi
nhiéu trudng hop phé bién, phat hién dugc cay riéng I, dé trién khai,
hoat dong t6t trén anh UAV RGB, dac biét véi UAV phan giai cao.

2.3. Thiét ké chuong trinh

2.3.1. Kién tric téng thé chuong trinh

Chuang trinh dugc xay dung theo kién tric mo-dun nham tao
diéu kién ma rdng trong tuong lai.
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Hinh 1. Kién triic tong thé cta chuong trinh phat hién, thong ké cay xanh tir anh UAV

Kién trac nay cho phép thay thé mé hinh phat hién trong
tuong lai ma khéng can thay déi cac thanh phan phan tich dit liéu.

Trong nghién ctu nay, mé hinh DeepForest phién ban tién
huan luyén dugc st dung lam bé phat hién cay chinh. Két qua phat
hién bao gobm toa dé xmin, ymin, xmax, ymax va confidence score
cho tling déi tugng cay [2].

Ngoai ra, hé théng dugc thiét ké ma dé cé thé tich hgp cac mé
hinh phat hién va phan doan hién dai nhu YOLOv8 Segmentation
[5] hodc Segment Anything Model (SAM) [7] trong cac phién ban
ti€p theo.

2.3.2. Cdc thanh phan chinh

2.3.2.1. M6-dun doc dir liéu

Chuic nang: Doc toan bo anh tir thu muc dau vao, hé trg cac
dinh dang JPG, JPEG va PNG, ty dong x( ly theo |6 (batch processing).

2.3.2.2. M6-dun phdt hién cdy

Mé-dun & phién ban nay st dung DeepForest dé du doan vi
tri cay.

DU liéu dau vao: Anh UAV RGB; DU liéu dau ra: x_ 5y X
Y. score; moi cdy dugc biéu dién bdi mot viing bao hinh chir nhat.

Méi d6i tugng cay dugc biéu dién bang mét bounding box c6
toadd (x .,y .. X .Y, ). Trong do6 xmin va ymin xac dinh géc trén
bén trdi cla ving phat hién, x _ vay__ xac dinh goc dudi bén phai.
Mé hinh déng thdi tra vé gia tri confidence score biéu thi muic do tin
cdy cla du doén. Cac déi tugng cé score thap hon ngudng xac dinh
trudc c6 thé dugc loai bd nham gidm sé lugng phat hién sai.

2.3.2.3. M6-dun phdan tich théng ké

Tu két qua phat hién, hé théng tinh toan: Téng s6 cay, dién tich
tan cay, dién tich trung binh, dién tich I6n nhat.

2.3.2.4. M6-dun xudt dit liéu

Hé théng hd trg xudt: CSV: Luu théng tin: Tén anh, toa do
cay, dién tich tan. D{ liéu khéng gian dugc xuat duédi dinh dang
GeoJSON nham hé trg tich hgp vai cac hé théng GIS theo tiéu chudn
clia Open Geospatial Consortium (OGC) [9] nhu: QGIS, ArcGlIS Pro

2.3.2.5. M6-dun truc quan héa

Hé théng xuat tu dong: Histogram dién tich cdy nhdm thé hién
phén bé kich thudc tan cay; histogram sé cay theo anh nham thé
hién méat do cay trén ting khu vuc kh3o sat; Heatmap nham thé
hién vling tap trung cay xanh véi mat dé cao.

2.3.2.6. Giao dién ngudi diing

Giao dién GUI dugc xay dung bang PyQt6. Ngusi dung c6 thé:
Chon thu muc anh dau vao, chon thu muc két qua, thuc hién phat
hién cay, theo dai tién trinh xU ly, xem céc chi s6 théng ké.

Hinh 2. Giao dién nguai dung cda chuong trinh khi chay thyc té

3. QUY TRINH VA KET QUA THUC NGHIEM

3.1. Dii liéu thi nghiém

Nghién cttu st dung anh UAV RGB dé phan gidi cao.

D liéu thir nghiém:

-9anh UAV dinh dang JPG, & cac khu vuc khac nhau, thu thap
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& cling thai gian va d6 cao nhu nhau.

- Kich thudc anh khéng ¢é dinh.

- Khu vuc c6 mat do cay khac nhau cé cac d6i tugng khac nhu
nha, dudng, kénh rach.

3.2. Méi truong thuc nghiém

Hé théng chay trén méi trudng cai dat thir nghiém nhu sau:
Windows 11 Pro, CPU: Intel Core i7, GPU: NVIDIA GTX 1650 Ti, RAM:
64 GB, Python: 3.13, CUDA: 11.8, DeepForest: 2.1.0.

3.3. Cac buéc xu ly

- Budc 1: Thu thap anh UAV.

- Budc 2: Dua anh vao hé théng HCMUNRE_TreeVision_V1.

- Budc 3: Dung mo6 hinh DeepForest phat hién cay.

- Budc 4: Trich xuat viing bao cay.

- Buéc 5: Tinh toan théng keé.

- Budc 6: Xudt bao céo va biéu dé.
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Hinh 3. Gac budc xt ly cta chuong trinh HC(MUNRE_TreeVision_V1
3.4. Két qua thuc nghiém
3.4.1. Két qua phdt hién cay

Hinh 4. K&t qua nhan dién cay tir anh UAV sau khi chay chuong trinh
3.4.2. Két qud théng ké
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Hinh 5. Két qué thdng ké vi tri, dién tich tan cay, diém tin cay
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Bang 1. S6 lieu théng ké tdng hop cla chuong trinh sau khi
chay bo di liéu thir nghiém

Théng sé Gia tri Pon vi
Total trees (Téng s6 cay) 253 Cay

Mean area (dién tich tdn cay trung binh) | 19.366,51 Pixel

Max area (dién tich tan cay cao nhat) 175.960 Pixel
Min area (dién tich tan cay nhé nhat) 518 Pixel
Std area (d6 1éch chuén dién tich) 23.838,303 Pixel?

Dién tich tan cay trung binh la: Mdic nay cho thay cay trong
anh c6 kich thudc trung binh kha I6n c6 thé 1a anh chup dé cao thap
hodc cay c6 tan lén.

Chi s6 Std Area I6n thé hién kich thudc cay rat khac nhau, cay
nhd, cay I6n chénh léch nhau Ién.

3.4.3. Histogram dién tich tdn cdy
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Hinh 6. Két qua histogram dién tich tan cay sau khi chay chuong trinh
Bi€u d6 cho thdy phan bé kich thudc tan cay trong khu vuc
khao sat, cho thay khu vuc &nh chup ch yéu la cac cay tan nho.
3.4.4. Histogram s6 cdy theo méi dnh
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Hinh 7. Két qua thong ké s6 liéu cay theo mdi anh
Bi€u d6 phan &nh su khac biét vé mat d6 cay gitta cac khu vuc.
3.4.5. Heatmap mdt d¢ cay
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Hinh 8. Heatmap thé hién mét do phan bd cdy trong 1&nh
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Heatmap cho thay cac cum cay tap trung véi mat dé cao 6 goc
tréi va goc phai cia anh.
3.4.6. Do tin cdy cta két qua giai dodn
Confidence Distnbution
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Hinh 9. Thang ké d9 tin cdy clia qua trinh gidi dodn

Chi s6 théng ké d6 tin cay clia cac giai doan anh cho thay ti lé
tin cdy thap con cao, ¢ thé nhiéu nguyén nhan khac nhau nhu dir
liéu anh chua déng b, cac cay bui nhiéu dan dén viéc giai doan do
tin cay thap, mé hinh DeepForest chua that sy phu hgp hoan toan
vai khu vuc Viét Nam. Xét vé mat ky thuat thi hoan toan c6 thé loc
b dé chi lay cac gia tri gidi doan c6 do phan giai cao.

4. DANH GIA VA THAO LUAN

4.1. Uu diém cia chuong trinh

Tu déng héa vdi viéc gidm dang ké thdi gian x{r Iy anh UAV;
dé st dung vdi giao dién GUI, than thién vai ngudi dung; kha nang
m& rdng nhd thiét k€ mo-dun cho phép tich hgp cac mé hinh téi uu
han trong tuong lai & cac phién ban sau ma khéng anh huéng dén
cac mo-dun xuat hay phan tich két qua: YOLO, YOLO Segmentation,
SAM2, GIS.

H6 trg nghién ctru do ¢6 cac mo-dun xudt dit liéu théng ké va
truc quan héa. Ngoai ra, viéc xay dung chuang trinh c6 thé ca nhan
hoéa chay trén cac may tinh ca nhan cau hinh thap ciing nhu giam
thiéu chi phi mua cac phan mém dat tién khac.

4.2. Han ché cia chuong trinh

Dién tich tan cay chua chinh xac tuyét d6i do phién ban 1 nay
st dung Bounding Box. Do d9, dién tich théng ké con I6n hon dién
tich tan cay thuc té trong nhiéu trudng hgp. Han ché nay ciing dugc
ghi nhan trong cac nghién ctiu st dung phuang phap phat hién déi
tuong thay vi phan doan anh [4, 7].

Nhay cdm véi dir liéu do con phu thudc vao dé phan gidi dnh,
géc chup UAV, diéu kién anh sang. Chua phan biét loai cay do mé
hinh chi xac dinh su tén tai cGa cay.

4.3. Huéng phat trién cho chuong trinh

Trong cac phién ban tiép theo, chuong trinh c6 thé dugc nang
cap theo cac hudng:

- S dung YOLO Segmentation [5].

-Tinh dién tich tan cay thuc bang mask segmentation.

- Dién tich thuc (m?).

- Mat d6 cay theo hecta.

- Ban d6 phan bo cay.

- Xay dung hé théng huan luyén riéng trén di liéu dia phuong
nham nang cao dé chinh xac.

5.KET LUAN

Nghién ctru da xay dung thanh cong hé théng HCMUNRE_
TreeVision Version 1 phuc vy phat hién va théng ké cay xanh tir dnh
UAV dua trén mé hinh DeepForest. Hé théng cho phép xur Iy tu dong

tap anh UAV, phat hién vi tri cay, tinh toan cac chi sé théng ké va sinh
cac bao céo truc quan. Két qua thuc nghiém cho thay giai phap c6
tiém nang Ung dung trong quan ly tai nguyén ring, cay xanh dé thj
va cac nghién ctru vién tham. Mac du con ton tai mot s6 han ché lién
quan dén do chinh xac dién tich tan cay, kién tric hé théng da dugc
thiét ké ma dé dé dang tich hop cac phuong phap segmentation va
GIS trong cac phién ban tiép theo. Ngoai ra, viéc xdy dung cac cong
cu phan tich dua trén cac ma nguén ma sé la ca s& dé phuc vu cho
nghién ctu, day hoc tai trudng dai hoc, tranh cac chi phi phan mém
ban quyén dat tién khac.

L&i cdm on: Chan thanh cdm on sy hé trg clia cac dong nghiép
trong Khoa Trac dia Ban d6 va Céng trinh, Trudng Pai hoc Tai nguyén
va Méi trudng TP H6 Chi Minh trong qua trinh phat trién chuang trinh.
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