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Tom tat:

Cdu triic khéng gian ba chiéu (3D) ciia ritng c6 vai tro quan trong trong hinh thanh méi trieong song
cho cdc lodi, trong dé sw phdn bé khéng dong nhdt cia dnh sang diedi tan la yéu t6 quyét dinh, anh hwong truc
tiép dén su tdi sinh va da dang sinh hoc. Tuy nhién, cdc phwong phdp do dac truyén thong nhw khdo sdt thie dia
hay chup dnh mat dit gap nhiéu han ché vé quy mé khéng gian va tinh lién tuc, gdy khé khan trong viéc gidm
sat toan dién hé sinh thai rung. Bai bao gidi thi¢u quy trinh sur dung dit liéu LIDAR thu thdp tir may bay khong
nguwoi ldi (UAV) d@é dinh lwong su khong dong nhat clia cdu triic tan cdy va mé hinh héa méi quan hé giita cau
triic 3D voi sw phdn bé anh sang. Quy trinh bao gom viéc thu thdp dit liéu ddm mdy diém LiDAR mdt dé cao, xir
Iy thanh cdc mé hinh s6 (DTM, DSM, CHM), tinh todn mé hinh chiéu cao cdy, d¢ che phii tan rimg, dp dung
phirong phép thong ké danh gid moi lién hé giita chiéu cao tan cdy, cau triic bé mdt tan cdy déi véi méi trwong
dnh sang dwdi tan. Bai bdo nay khang dinh gid tri ciia cong nghé UAV LiDAR nhir mét cong cu hiéu qua dé lip
ban do cdu triic rieg & dé phan gidi cao, mé ra nhiéu img dung trong qudn Iy rirng bén viing.
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Abstract:

The three-dimensional (3D) structure of forest canopies plays a critical role in determining habitat
conditions for living organisms, in which the heterogeneous distribution of understory light is a key factor
directly influencing forest regeneration and biodiversity. However, conventional field surveys and ground-based
imaging methods are limited in spatial coverage, posing challenges for comprehensive ecosystem monitoring.
This study introduces a methodological framework utilizing LiDAR data acquired from unmanned aerial vehicles
(UAVs) to quantify canopy structural heterogeneity and model the relationship between 3D canopy structure and
light distribution. The workflow includes collecting high-density LiDAR point clouds, generating digital terrain,
surface, and canopy height models (DTM, DSM, CHM), and calculating canopy height and canopy cover metrics.
Statistical analyses are then conducted to evaluate the relationships between canopy height, canopy surface
structure, and understory light conditions. The results demonstrate that UAV-based LiDAR is an effective tool
for high-resolution forest structural mapping, providing valuable potential for applications in sustainable forest

management.
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1. Mé dau

Rung 1a mot hé sinh théi c6 cau trac khong gian ba chiéu (3D) phirc tap, dugc hinh
thanh tur sur sap xép theo chiéu dimg va chiéu  ngang cua than cdy, canh 1a va cac khoang tréng
trong tan. CAu triic nay dong vai tro chi phdi qua trinh sinh thai rimg, trong d6 anh sang la
nhan t6 quan trong trong canh tranh sinh thai giita cac loai [1]. Sy phan bd khong dong nhét
ctia anh sang duéi tan dugce xem 13 mot trong nhiing co ché gop phan duy tri tinh da dang loai
va 6n dinh cta hé sinh thai rimg [1]. Do d6, viéc dinh luong dong thdi ciu trac tan va moi
truong anh sang dudi tan c6 y nghia quan trong trong nghién ctru qua trinh sinh thai va quan
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ly rung.

Tuy nhién, trong nghién ctru khoa hoc viéc mo ta chi tiét cdu triic 3D va diéu kién 4nh
sang dudi tan van 1a thach thirc 16n. Cac phuong phap truyén théng nhu do diéu tra ngoai thuc
dia hodc chyp anh ban cau thuong chi phan anh thong tin tai mét s6 diém dai dién, kh6 mo
rong ra quy mé canh quan, ddng thoi doi hoi nhiéu thoi gian va nhén luc, dic biét & cac khu
vuce rumg c6 dia hinh ddc va tan day [2,3]. Vi vay, cong ngh¢ quét laser hang khong (LiDAR)
d3 mo ra huéng tiép can hiéu qua dé thu nhan thong tin cAu tric rimg voi d6 chinh xac cao.
Khi tich hop LiDAR trén hé thong may bay khong nguoi lai (UAV) ta co thé thu duge dir liu
dam may diém mat d6 cao, c6 kha ning xuyén qua nhiéu tang tan, cho phép mé ta ciu trac tir
ngon tan dén 16p tham thyc vat va mat dia hinh bén dudi [4-6]. Va quan trong nhat, d6 1a UAV
LiDAR cho phép trién khai linh hoat, chi phi hop 1y va dic biét phu hop voi khu vuc dia hinh
phtc tap [5,7].
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Hinh 1. Cong nghé thu nhan dit lieu LiDAR hang khong

Cac phuong phap tich hop dir lidu cau trac ba chiéu (3D) tir LiDAR v6i m6 hinh anh
sang da dugc phat trién nham phan tich mbi quan hé giira cdu trac tan rimg va phan bd anh
sang trong khong gian. Mot sé nghién ctru da str dung mé hinh chiéu cao tham thyc vat két
hop anh ban ciu dé mo phong qua trinh truyén sang theo phuong thang dimg trong rimg hon
giao [3]. D@t ligu UAV LiDAR ciing da dugc ap dung dé xac dinh do khép tan véi d§ chinh
xé4c cao va sai sd thap [4]. Dic biét, bo cong cu FLApy cho phep danh gia dinh luong sy di
thé anh sang trong khong gian 3D tryuc tiép tir dit liéu diém LiDAR, ho trg phan tich co ché
tac dong cua cdu trac tan rimg dén moi truong anh sang ¢ quy md chi tiét [6].

Theo béo cio bay quét tai Khu bao ton thién nhién Son Tra cho thiy cong nghé bay
quét UAV LiDAR thanh 1ap cac mé hinh 3D phu hop véi diédu kién rimg nhiét doi nii da va
cho phép thu nhén cdu trac tan cdy véi do chi tiét cao [8]. Tuy nhién, cac nghién ctru tich hop
dir liéu UAV LiDAR dé mo hinh héa va phén tich moi quan hé gilta cdu tric tan 3D va anh
sang dudi tan trong rung nhiét doi 6 Viét Nam hién van con han ché, dic biét ddi v6i cac hé
sinh thai c6 tinh phan ting manh va bién dong dia hinh 16n.

Trén co s¢ do, bai bao nay dugce thuc hién voi muyc ti€u: (1) Gidi thiéu quy trinh xtr Iy
di liéu UAV LiDAR nham trich xudt cac chi sb mo ta sy khong ddng nhét cua céu trac tan
rimg; va (2) Phan tich mbi quan hé khong gian gitta cAu trac tan 3D va su phan bd anh sang
dudi tan tai khu vyuc rirng nhiét déi co dac diém dia hinh phuec tap. Tinh méi cua nghién ctru
nay nam & viéc 1an dau tién tich hop UAV LiDAR vé6i mé hinh anh sang 3D tai rimg Viét
Nam, dong thoi dé xudt bo chi sé cdu tric - 4nh sang c6 kha niang ung dung trong giam sat
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rimg, danh gia sinh canh va hd tro ra quyét dinh trong quan 1y va bao ton.
2. Dir liéu va Phwong phap nghién ciru
2.1. Khu vwe nghién ciru

Khu béo ton thién nhién Son Tra nam & ban dao Son Tra, thudc dia phan quan Son
Tra, thanh phd Pa Ning. Nam céach trung tim thanh phd khoang 10 km vé phia Péng Bic,
khu bao t6n co dién tich khoang 4.400 ha, bao gdm ca hé thdng rimg ty nhién, d6i nai va
dudng bo bién trai dai. Son Tra duge vi nhu “1a phoi xanh” ctia Pa Nang, gop phan diéu hoa
khi hau va bao v¢ moéi truong d6 thi. Pac biét, Son Tra s hiru hé sinh thai rirng nguyén sinh
ven bién hiém c0, 14 noi sinh séng cua hon 1.000 loai thuc vat va gén 300 loai dong vat, trong
d6 c6 Vooc cha va chan nau - loai linh trudng quy hiém dugc xem 13 biéu tuong cua ba Ning.

(a) So do pham vi trén Google Earth (c) M6 hinh dam may diém
Hinh 2. Pham vi khu viec nghién ciru
Tham thyc phu trén ban dao Son Tra v6i do che phu rung tu nhién dat trén 60% mang
dic trung cia kiéu rung nhiét doi da tang bao gobm tang cdy cao tir 2030 m v&i nhiéu loai gb
quy nhu Dau Kién Kién, G&, Cho Chi, cung cac tang cay bui, day leo va tham co dudi tan
rung phat trién phong phu. Su da dang vé dia hinh va vi khi hau da tao diéu kién cho su ton
tai ctia hang tram loai thuc vat, trong d6 c6 nhiéu loai dic hiru va quy hiém.
2.2. Thu thdp va xw ly dir liéu
Dir liu LiDAR duoc thu thap vao thang 7 nam 2023 bang hé théng LIDAR Zenmuse
L1 tich hop trén UAV DIJI Matrice 300 RTK. D9 cao bay trung binh 130 mét so véi mat dat,
tbc d6 8 m/s va do phu doc va ngang 1a 16n hon 70%, dam bao mat do diém trung binh dat trén
50 diém/m? [8].
Két qua xtr Iy dit liéu UAV LiDAR:
TT N¢i dung D6 chinh xac Ghi chu
1 | Két qua xu Iy quy dao bay <5cm
2 | Két qua xir Iy dir liéu ddm may diém (hon 22 triéu | D9 cao: 5-10cm
diém) va so sanh véi diém do khéng ché ngoai | Mait bang: <5cm
nghiép
Dir liéu ddm may diém sau khi xtr Iy s& duoc loc nhiéu dé loai bo cac diém c6 sai sd
tho. Sau d6 s& tién hanh phan loai tw dong cac diém LiDAR thanh hai 16p chinh: diém mit dat
va diém khong phai mat dit bang phan mém Terrasolid phuc vu cong tac phan tich danh gia.
Tir cac diém d3 dugc phan loai, thanh 14p 3 mé hinh s6 d6 cao: M6 hinh sé dia hinh
(DTM) duoc ndi suy tir cac diém mit dat. M6 hinh sé bé mit (DSM) dugc ndi suy tir cac diém
phan xa dau tién, thé hién bé mit bao gdm ca ngon cdy. Cudi cing d6 1a mé hinh chiéu cao
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tan cdy (CHM) duoc tinh bang cach lay mo hinh DSM trir di m6 hinh DTM (CHM = DSM -
DTM) nham muc dich biéu dién chiéu cao thuc cua tham thuc vat so voi mat dat.

Cing tic ngoai nghiép
- Bay quét LiDAR tich hop chup anh s
- Thu nhén di liéu diéu tra nsoai nshiép
'
Xir ly dir liéu
- Xt Iy di¥ lidu LiDAR (DJI Terra)
- Xar I di# lifu anh (Argisoft Photoscan)

v

Phin loai moé hinh dim miy diem

- St dung phin mém Terrasolid

Phin tich dir Liéu
- St dung phin mém Rstudio
- 51 dung thw vién LdR

v

Lip bdo cio dinh gia

Hinh 3. Quy trinh xit Iy dit liéu bay quét LiDAR tich hop chup dnh sé

F
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Mé hinh 56 bé mat Mé hinh s& dja hinh Mé& hinh sé chidu cao
tin cay

Hinh 4. Cdc mé hinh sé sir dung cho phan tich dit liéu
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2.3. Phuwong phdp nghién ciru

Tt dam may dlem LiDAR d3 duoc chuin héa va mo hinh chleu cao tan cdy (CHM),
bai bao sir dung phan mém RStudio cling thu vién lidR dé trich xuat cac chi s6 cau tric 3D
ddc trung cia rimg. Cac chi sb nay dugc chia thanh hai nhém chinh: (1) nhém chi sé co ban,
gom chiéu cao tan cdy trung binh va d6 che phu tan 14; (2) nhom chi sé phan anh muc do
khong dong nhat, gdm d6 léch chuan chiéu cao tan ciy va cac phan trim chiéu cao dic trung
va dugc str dung 1am bién giai thich trong mé hinh mé ta mdi twong quan gitra cdu triic tan va
diéu kién anh sang dudi tan

CHM + Dinh cay theo chiéu cao
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Hinh 5. M6 hinh chiéu cao tan cdy va dinh cdy dwoc phan logi
Tir md hinh CHM nhan thay gia tri do che phi tan 14 cta khu vyc nghién ciu dat
90,86%, phan anh muc d6 day déc cua tan rimg theo phuong ngang. Gia tri nay cho thay phan
16n dién tich bé mat dat bi tan ciy che phu, lam giam luong anh sang truyén xudng tang dudi
va anh huong dén vi khi hau rimg. Phan tich ban d6 do che phu tan 1a (Forest Canopy Closure
- FCC) cho thay mirc do khép tan cao tap trung & cac sudn doc va thung ling, trong khi cac
khu vire suon ndi thoang hodc c6 ciy thap tang thé hién gia tri FCC thap hon.

D6 che phu tan la (FCC %)
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Hinh 6. Do che phu tan la khu viec nghién ciru
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Gia tri FCC cao phan anh cdu trac tan rimg khép kin, han ché anh sang xuyén xuéng mat
dat, tao méi trudng Am mat va on dinh cho cac loai ua bong ram phat trién. Nguoc lai, ving co
FCC thép thé hién tan rung md, lugng anh séng xuyén qua nhiéu hon, thun loi cho qué trinh
tai sinh ty nhién cta cac loai va sang. Cac chi s6 nay dong vai trd co ban trong viéc mé hinh hoa
mdi quan hé giita ciu tric thing dimg va méi truong anh sang dudi tan trong giai doan phan tich
tiép theo.

2.3.1. M6 hinh héa méi trwong dnh sang va phan tich thong ké

Phwong phap mo hinh héa

Mai truong anh sang dudi tan duge mé hinh hoa thong qua gia tri chi s6 dai dién anh
sang dudi tan, duge tinh bang ty 16 cac diém LiDAR €06 d cao dudi 2 m trong mdi 6 ludi 1
m?, phan anh mirc dg birc xa xuyén qua tan cay dén tang thap. Dt liéu nay dugc két hop !
cac chi sb céu tric rung dé phan tich twong quan va hdi quy tuyén tinh da bién, lam rd mdi

quan hé giita dac diém hinh thai tin rimg va phan b6 anh sang trong khong gian.
0§ Iéch chudn chiéu cao (Helght 50) Proxy mai triérng dnh sang (ty 1é diém < 2m)
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Hinh 7. B¢ léch chudn chiéu cao tan cdy va chi s6 dnh sang dwdi tan
Két qua mé hinh héa
Do 1éch chuan chidu cao tan cay (Height SD) c6 gia tri 1on dao dong tur 1,5 met dén
5,0 mét, phan anh sy khong ddng nhat cao trong cdu trac thang dung, vai nhleu tang cay chdng
lan. Cau tric rimg da tang nay duge xac nhan qua khao st thyc dia d6 1a ton tai dong thoi
tang cay gd cao, cdy trung binh, cay buyi va tham co dudi tan, tao nén mot cau tric rimg phirc
tap va lién tuc.

D6 che phl (FCC %) vs Mai triedng anh sang (proxy)
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D6 che phi tan 14 (FCC %)

Hinh 8. Moi quan hé dj che phii va méi trwong dnh sang duwdi tan
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Biéu do hoi quy tuyén tinh cho thidy mdi quan hé nghich gitta FCC va chi sb dai dién
anh sang dudi tan, thé hién xu hudng anh sang giam khi d6 khép tan tang. Cac khu vuce co
FCC > 95% chi cho phép 4nh sang xuyén xudng tang thip vdi chi sé khoang 0,2— 0,3, trong
khi ving c¢6 FCC 88-92% cho phép anh sang cao hon, dat 0,4—0,5. Bén canh do, mbi quan hé
gitra do I¢ch chuén chiéu cao tan cay va chi s6 dai dién anh sang dudi tan cling thé hién xu
huéng d6 1éch chuin chiéu cao tin ciy cang cao (tan rimg cang phuc tap), anh sang dudi tan
cang bi han ché. Piéu nay cho thiy ciu trac thing dung cia rimg dong vai tro diéu tiét chinh
cuong d6 va phan bd anh sang trong hé sinh thai.

Céc két qua mo hinh héa khang dinh kha ning cua dit liéu UAV LiDAR trong viéc phan
anh ddng thoi cdu trac hinh thai va vi khi hau anh sang. Viéc tich hop céc chi s6 nay giup dinh
lwong moi lién hé giita cau trac rimg 3D va diéu kién anh sang, qua dé cung cép co so khoa hoc
cho danh gia sinh thai, quan 1y tai sinh va dé xuat phuong an cai tao va lya chon loai cdy trong
phu hop vai vi khi hau hién hitu, huéng té1 quan 1y va phuc hoi rung bén virng dua trén dir liu
dinh lugng.

D6 khéng ddng nhét chiéu cao (Height SD) vs Méi tredng anh sang
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Hinh 9. Méi quan hé giita dg léch chudn chiéu cao va méi trwong dnh sang diwedi tan

2.3.2 Thdo ludn

Do chinh xéc cua két qua phan tich ciu tric tan rimg phu thudc dang ké vao chat luong
dir liéu LiDAR, bao gébm mat d6 diém quét, cudng do phan xa va kha nang xuyén thau cua
xung laser trong moi truong tan rimg. Trong khu vuc nghién ctru, tai cac vi tri co chiéu cao
ciy do thuc dia tir 15-20 m, md hinh CHM thu duoc tir chénh 1éch giira diém phan hoi dau
tién va diém phan hoi cudi chi dao dong dudi 15 m, cho thay c6 su suy giam do xuyén thau va
thiéu phan hoi mat dét tai cac khu vuc tan day. Diéu nay dan dén do cao dia hinh trong mé
hinh DTM bi ning cao so véi thuc té, dan dén sai sé wéc lwong chiéu cao  cdy dao dong tur 1,5-
3,2 m (twong duong 8-18% so véi chiéu cao thyc t&), anh hudng truc tiép dén cac chi sé cau
truc nhu CHM va d6 che phu tan FCC.

Nhu vay, dé dam béo do chinh x4c md hinh hoa céu trac tan, can duy tri mét do diém
quét dao dong tur 40-50 diém/m?, dam bao phan tach 16p cay tang dudi va phan tich cau trac
cay tang thap >100 dlem/m2 [9,10], dong thoi can tdi wu thuét toan phan loai diém mat dat
nham han ché sai s6 lan truyén tir DTM sang CHM va céc chi s6 cdu tric ring lién quan.
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4. Két ludn

Két qua nghién ctru di chimg minh kha ning tng dung hiéu qua cta cong nghé UAV
LiDAR trong d4nh gia va mé hinh hoéa cu trac khong gian ba chiéu (3D) cua ring tai Khu
bao ton thién nhién Son Tra - Pa Ning. Dit liéu LiDAR vé&i mat d6 quét trung binh 40-
50 diém/m? cho phép phan biét rd cac tang tan va mit dat, ddng thoi trich xudt cac chi sb cAu
trac ring voi do chinh xac cao: mé hinh chiéu cao tan cay (CHM) sai s6 £1,5-3,2 m, mé hinh
d6 che phii tan 12 (FCC) sai s6 < 5%. Viéc mo hinh héa anh sang dudi tan tir dit liéu nay phan
anh rd xu hudng nghich giita d6 che phu tan va cudng d6 anh sang, cung cip co sé dinh lugng
dé phan tich vi khi hau va méi quan hé gitta cdu trac thang ding va phan bd niang luong anh
sang trong h¢ sinh thai.

Nghién ctru cing nhan manh rang do chinh xac ctia cic mé hinh phu thudc vao chat
lugng quét, mat do diém va kha nang xuyén tan cua xung laser. Trong cac khu vuc tan day
hodc khi mat do diém thap, s6 luong phan hdi cubi tir mat dat giam, din dén mo hinh dia hinh
(DTM) bi néng cao gia tao va giam d¢ chinh xdc cua CHM. Khi mat do diém du cao
(=40 diém/m?) va phan xa 6n dinh, cac mé hinh tan rung va dia hinh dugc tai tao voi sai 5O
thap, nang cao d¢ tin cdy trong viéc mod phong cac chi s6 sinh thai va phan tich vi khi hau.

Mic du két qua dat dugc kha quan, nghién ctru hién chi thuc hién tai mgt khu vuc nhd
ctia Khu bao ton Son Tra. Do d6, cin mé rong pham vi khao sat va ting sb luong mau thyuc
dia dé danh gia cAu trac rung mot cach toan dién va ho tro 1ap phuong an quan ly, phuc hoi
rimg chinh xac hon. Viéc két hop UAV LiDAR véi dit liéu vi khi hu nhu nhiét d6, d6 am va
sinh truong thuc vat mé ra hudng tiép can méi trong quan ly va phuc héi rimg dya trén co SO
sinh thai hoc, ddng thoi hd tro xac dinh loai cdy phu hop, dé xuat cac phuong an cai tao va on
dinh céu trac rimg, gop phan xy dung hé sinh thai bén viing va da dang sinh hoc 1au dai.

Loi cam on: Ching toi xin chén thanh cam on Xi nghiép Chup anh Hang khéng dé cung cap
dir liéu UAV I:iDAR. Dong thoi, xin chan thanh cam on GS. TS Cameron Proctor (Pai hoc
Windsor) da ho trg trong qua trinh phan tich danh gia két qua xu 1y dir li¢u.

Cam két clia tac gia: TAt ca cac tac gia c6 tén trong bai bao cam két sy dong thuan va khong
c6 xung dot 1oi ich trong cong bo khoa hoc tai bai bao nay.
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