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TOM TAT

Xéc dinh va mo6 ta chinh xac dugc vi tri va hinh dang cua céc khuyét tat trong than cay hodc g5 nhu muc ruSng,
mét chét, nirt vach... co y nghia rat 16n d6i v6i cong tac bao tdn cd thy, danh gia phdm chét cdy xanh d6 thi, gd
thuong mai, ho tro tu sira cac hang muc c()ng trinh vin hoa va di tich lich sir bang gb. Nghién cliru nay mo phong
md hinh ba chiéu (3D) cua phan muc rudng trong than cdy dua trén dit lidu thu dugc bang ky thuat siéu am. Dt
liéu ban dau ciia phan muc rudng & cac vi tri 6 cao than cay khac nhau dwoc cung cap tir thiét bi TRU Tree
Radar, xir Iy va noi suy trong méi truong MATLAB. Mb hinh 3D cta phin muc rudng dugc mé phong theo
phuong phap biéu dién bé mit va biéu dién thé tich. Két qua cho thdy, phuong phap biéu dién bé mit co thé thuc
hién nhanh chéng viéc mé phéong mé hinh 3D cua phan muc rudng nhung thong tin khong day du va kém truc
quan. Trong khi d0, véi téc d6 hién thi hinh anh 3D cham hon nhung phuong phép biéu dién thé tich mé phong
chinh xac va chi tiét phdn muc rudng trong than cay c¢6 céu tric phirc tap. Nghién ctru di thir nghiém thanh cong
va dé xut diéu chinh gia tri cia cac thong s trong thuat toan tuyén tinh hoa thang do do xam, nham nang cao
muc dd truc quan cho mo hinh 3D cua phén muc ruSng than cay, déng thoi thiét ké mot giao di¢n dd hoa phuc
vu cho qua trinh giai doan hinh anh ciia cac khuyét tat trong than cay hodc gd.

Tir khéa: Bio ton ciy ¢ thu, khuyét tat gd, md phong thue tai 40, phin mém MATLAB, song radar.

1. PAT VAN PE

Muc rudng gb 1a mot hién twong tu nhién
thuong gap (Li et al., 2017). Trong qua trinh
sinh truong va phat trién, cdy gd bi anh hudng
boi cac yeu t6 bt 1oi tir moi truong hodc bi cac
loai nAm bénh va con trang gay hai, tir d6 c6 thé
xuat hién muc rudng gd (Xiao et al., 2018).
Ngoéi ra, & cac cay cd thu sdng léu nam, phén
g0 131 than cay khong dugc cung cap OXy va chat
dinh dudng sé bi chet dan, phan mé chét nay sau
khi bi vi khuan tin cong hodc nudc mua tham
lau ngay s& bi muc rudng (Kang, 2019). Giai
doan dau tién cta qua trinh myc rudng than ciy
thuong bat dau tir bén trong (Wu et al., 2018).
Mic du mot sd cay van phat trién binh thudng
nhung phan mach g6 (xylem) ¢ 13i ctia chung c6
thé d3 bi pha hiy va tao thanh khoang rong
(Kang, 2019). Céc khuyét it trong than cay nhu
muc ruong, bién mau, hang sdu, nit vach lam
giam chit luong g6, that thoat va lang phi tai
nguyén (Liu, 2018).

Phuong phép kiém tra go khong pha huy la
phuong phap kiém tra phan g0 bén trong ma
khong 1am anh huong dén cdu trac gb, su sinh
trudng va phat trién cta thuc vat (Xiao et al.,
2018). Hién nay, phuong phap kiém tra gb

khong pha hay duoc phan loai thanh nhiéu k¥
thuat khac nhau nhu chup cit 16p dién toan, sir
dung héng ngoa1 k¥ thuat 51eu am (st dung
song siéu cao tan, song tng suat, song radar), st
dung may do d¢ rung va k¥ thuat tr¢ khang dién
sinh hoc (Schad et al., 1996; Nicolotti et al.,
2003; Su, 2007; Deflorio et al., 2008; You, 2010;
Arciniegas et al., 2014; Allison & Wang, 2015).
TRU Tree Radar la mét trong s nhiing thiét bi
dung dé thuc hién phuong phéap kiém tra gd
khong pha hity. Thiét bi nay c6 nhiéu vu diém
khi str dung nhu tinh co dong cao, an toan cho
thuc vat, nhanh chong cho két qua va da duoc
nhiéu nha khoa hoc trén thé gidi sir dung trong
cac nghién ctru cua ho. Vi dy, Liu (2017) da su
dung thiét bi TRU Tree Radar dé nghién ctru
quy luat hinh thanh cac khuyét tat trong cac than
cdy cb thy cua loai Tric bach (Platycladus
orientalis); Li va cong sy (2018) da xay dung
ham uwdc tinh hang sd dién modi bang cach st
dung thuat toan Hilbert va do bién d¢ song phan
xa clia song radar do thiét bi TRU Tree Radar
truyén vao than cdy; Chen va cong su (2017) st
dung thiét bi TRU Tree Radar dé do tim va danh
gia dinh lugng khoang rong trong than ciy cla
loai Thong ma vi (Pinus massoniana). Alani va
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cong su (2020) cing sur dung thiét bi nay dé
danh gia cau truc bén trong cua phan t6n thuong
than cdy, cac tac gia nay da dé xuat thém mot
phuong phap méi trong viéc do tim vi tri cia
phan muc rudng.

Cong ngh¢ mo phong thuc tai 40 hay mé hinh
3D cua vat thé 1a mot trong nhitng hudng nghién
clru quan trong trong linh vuc thi gidc may tinh
(Dong & Ke, 2019). Cung véi sy phat trién
khong ngimg cua d6 hoa va k§y thuat xir Iy anh
s, cac tmg dung ciia cong nghé mo phong thuc
tai 40 dugc mo rong tir Iinh vuc cong nghé thong
tin va y té sang nhiéu nganh khac nhau. Trong
khoang 25 nam qua, nghién ctru mo phong mo
hinh 3D ctia cac khuyét tat bén trong than cay
da thu hat dugc sy quan tam ctua nhiéu nha khoa
hoc trén thé gi¢i. Bhandarkar va cong su (1999,
2006) da dé xuat hé théng nham phat hién, phan
loai va xay dung mé hinh 3D cua cac khuyét tat
trong than cdy voi dir liéu thu dugc bang ki
thuat chup ct 16p dién toan. Mot s6 it tac gia
mo phong mé hinh 3D ctia phan muc rudng voi
dir liéu thu duoc bang k¥ thuat do quang hoc
chuyén dong (Zhang & Sun, 2008; Chen et al.,
2017). Theo cac tai liéu va 4n phadm khoa hoc di
dugc cong b, cac nghién ciru trude day hau hét
déu st dung dir li¢u thu duoc béng k¥ thuat chup
cét 16p dién toan; mé hinh 3D mé phong cua cac
nghién ctru nay dugc danh gia 1a kém truc quan,
doi hoi nguoi lam cong tac gidi doan hinh anh
phai c6 bé day kinh nghiém méi c6 thé dua ra
nhan dinh va danh gia chinh xac vé nhiing tén
thuong bén trong than cay hodc gb (Zhang et al.,
2010). Nhimng nim gan day, xu huéng sir dung
thiét bi TRU Tree Radar & cic nghién ctru vé
khuyét tat trong than cay tang 1én dang ké (Kang,
2019). Tuy nhién, nghién ciru mdé phédng md
hinh 3D phuc vu cho giai doan khuyét tét trong
than ciy dua trén dir liéu thu duoc tir thiét bi
TRU Tree Radar cho dén hién tai van chua dugc
thuyc hién. Cac nha nghién ctru déu phai thira
nhan ring, md phong mé hinh 3D ciia phan muc
rudng trong than cay khi st dung thiét bi TRU
Tree Radar 13 rit kho (Chen et al., 2017). Mat
khac, trong mot sd truong hop, do cau trac va
hinh dang ctia cac khuyét tat trong than cay hoic
g0 rét phtre tap, viéc sir dung cac phu’orng phap
cii (chup ct 16p dién toan, sir dung hong ngoai)
can phai trai qua thém nhiéu cong doan xu ly
méi ¢6 thé nim bit duoc dic diém va ciu trac

ctia cac khuyét tat trong than cay hoic gd; diéu
nay lam phat sinh thém chi phi khong dang co
va ton thoi gian ctia ngudi thuc hién nghién ctu
khoa hoc va 1am cong tac bao ton (Zhang &
Khoshelham, 2020).

Trong nghién ctru nay, mé hinh 3D ctia phan
muc rudng trong thin cdy loai Tuyét tung
(Cedrus deodara (Roxb. Ex D.Don) G.Don)
dugc mo phong dua trén hai phuong phép la
bicu dién bé mit va biéu dién thé tich. Dit lidu
ban dau ciia phan muc rudng duoc thu bang thiét
bi TRU Tree Radar. Ba cau hoi nghién ctru sé
duoc giai dap, bao gdm: (i) Gié tri cua céc thong
s6 d06 1éch va hé s6 goc phil hop nht trong thuat
toan tuyén tinh hoa thang do d6 xam gitip nang
cao muc do tryc quan cho mo hinh mé phdng
ctia phan muc rudng than cay? (ii) Hai phuong
phap biéu dién bé mat va thé tich c6 khac nhau
vé thoi gian hién thi hinh anh, dung luong di
li¢u cua mo6 hinh mo phong hay khong? (iii) Xac
dinh thé tich phan myc ruong than cua d6i tuong
nghién ctru? Ngoai ra, két qua quan trong nhat
ma nghién ctru hudng toi 1a thiét ké mot giao
dién dd hoa c6 thé sir dung & cac nghién ciru mo
phong mé hinh 3D ctia cac khuyét tat trong than
cay hodc gb. Do d6, nghién ciru nay khong chi
c6 y nghia trong viéc lam phong phtl thém cac
phuong phap mé phong mé hinh phan muc
rudng, cac khuyét tat trong than cdy ma con co
¥ nghia ca trong thuc tién san xuit, nghién ctru
khoa hoc va cac van dé bao ton c6 lién quan.

2. PHUONG PHAP NGHIEN CUU
2.1. Pia diém nghién ciru

Nghién ctru dugc thyc hién tai Truong Pai
hoc Néng 1am Tay Bic - Trung Qubc. Trudng
Pai hoc nay thudc dia gidi hanh chinh cua quan
Duong Ling, thanh phd Ham Duong, tinh
Thiém T4y, Trung Qudc (toa do dia 1y tir 34°14'-
34°20' vi 6 Bac va 107°59'08"-107°64'03" kinh
do bong).

2.2. Thiét bi sir dung trong nghién ciru

T6 hop thiét bi TRU Tree Radar bao gém
may phat radar xuyén dat TerraSIRch™, may
chi SIR-3000, hé théng truyén tin hiéu radar dai
tan s6 900 MHz va phan mém phan tich dit liéu
song radar TreeWin
(http://www.treeradar.com/). Qua trinh su: dung
TRU Tree Radar dé siéu 4m cay bao gdm hai
budc doc 1ap 1a thu thap dir liéu hién truong va
phan tich dit liéu song radar. Khi thiét bi TRU
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Tree Radar tiép can cay, ang ten thu phat radar
s& truyén song dién tir tan s cao vao than cay
va nhan lai séng phan xa cta cac ciu trac song
khac nhau. Qua trinh truyén song va nhan tin
hiéu phan xa khong lam anh huong dén ciu tric

g0 ciing nhu sy sinh trudng va phét trién cua
thuc vat, do d6 k¥ thuat nay con duoc biét dén
v6i tén goi 1a phuong phap kiém tra gd khong
phé huy (Hinh 1).

- Séng phan xa
] Séng truyén vao than cay

Phan g6 bi muc ruéng

Hinh 1. Nguyén Iy truyén séng radar va nhén tin hi¢u phan xa

2.3. Phuong phap nghién ciru
2.3.1. Phwong phdp diéu tra va thu thip di
liéu

Nghién ctru nay iy loai Tuyét tung (Cedrus
deodara (Roxb. Ex D.Don) G.Don) thudc ho
Thong (Pinaceae), cdy nam trong khudn vién
cua Vién Lam sinh thudc truong DPai hoc Nong
1am Tay Béc, Thiém T4y, Trung Qudc lam d6i
tuong thu thap dir 1liéu nghién cuu. Trong qua
trinh thu thap dit liéu, viéc truyén séng vao than
cay duogc thyc hi¢n tir phia dudi 1én phia trén o
cac do cao than cay khac nhau. Dir liéu song

.

radar phan hdi thu duge & muoi vi tri cia than
cay Tuyét ting trong pham vi 1 m chiéu cao
than cay duoc st dung dé phan tich di liéu ban
dau. Sau khi sang loc va xir Iy khuéch dai, hinh
dang cia séng phan xa va cac dic diém bat
thuong cua chiing dugc phan anh mét cach ro
rang. Hinh anh hai chiéu (2D) cua phan muc
rudng than cdy & mudi vi tri tuong tmg da dugc
tao ra bang phin mém TreeWin (Hinh 2). Chudi
hinh anh 2D ctia phin myc rudng ndy sau do tiép
tuc duoc xur 1y va dung dé xay dyng mé hinh 3D.

Hinh 2. Hinh dnh 2D phin muc rudng trong thin ciy Tuyét ting
a-j: 10 hinh anh mat cdt ngang than cdy ¢ cdc dé cao tir 10 dén 100 cm;
mau dé la phan gé da bi muc rudng va mau hong nhat la phan gé lanh

2.3.2. Phuwong phap xw ly dit liéu
a. Xir Iy anh ban ddu
X ly thang do xam cho cac hinh anh 2D
Trong qué trinh truyén séng vao than cay,
thao tac ctia ngudi thuc hién c6 thé khong dong
nhat, diéu nay giy nén nhiing sai sot nhat dinh,
lam cho dir liéu thu dugc bi sai 1éch. Phuong

phép phan loai thong tin va xur ly thang do d¢
xam cua hinh anh da duoc st dung dé khic phuc
su ¢ ngoai mong mudn nay. Trong xtr Iy thang
do d6 xam cho hinh anh 2D cua phan muc ruong,
phuong phép trung binh cé trong so6 da dugc ap
dung theo cong thirc ciia Lu (2003) & Liu et al.
(2018):
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R=G=B=0,3 0
R+0,59G+0,11B
Trong do:
R, G va B dai dién cho ba mau co ban 1a mau
d0, luc va lam.
Ndng cao do phan giai cho hinh anh 2D
Tir két qua xtr 1y thang d6 xam, hinh anh 2D
ctia phan muc rudng dugc nang cao do phan giai
bang phuong phap tuyén tinh hoa. Trong do, cac
gia tri diém anh (pixel) ctia hinh anh 2D s& duogc
chuyén d6i theo ham tuyén tinh dé nang cao
murc do phan giai, ddng thoi cai thién do twong
phan tong thé ctia hinh anh. Pé chuyén dbi
thang do d¢ xam, nghién ctru st dung cong thirc
theo Quan va Wang (2017):
y = k*x+d (v6i 0 <y < 255) ()

Trong do:

x 1 gié tri thang do d6 xam ban dau;

y 1a gié tri thang do d6 xam da thay doi;

k 12 d6 1éch va d 1a hé sé goc cuia ham tuyén
tinh.

Ngi suy lién 16p cho hinh dnh ciia phan muc
ruong

Khéng giéng nhu sir dung thiét bi chup cét
16p dién toan, dir liéu thu dwoc bang thiét bi
TRU Tree Radar bi anh hudng bédi thao tac cua
ngudi diéu khién. Piéu nay thuong dan dén
khoang cach gitra hai hinh anh thu dugc cia hai
vi tri gin nhau (hai 16p hinh anh) ¢6 su khac biét
so v6i dit liéu thyuc té, mé hinh 3D khi duge md
phong s& khong gidng véi vat thé thyuc. Viée ndi
suy lién 16p hinh anh 2D thu dugc ctia phan muc
rudng than cdy c6 thé loai bo sai sot trong qué
trinh thu thap dir liéu (Xia et al., 2017). Trong
d6, phuong phap ndi suy tuyén tinh duoc st
dung dé noi suy lién 16p giita cac hinh anh da
duoc nang cao do phan giai, nham tao ra cac
hinh dnh méi va cong doan nay tiép tuc duoc
thuc hién 1an thir hai gitta cac hinh anh da qua
xtr 1y 1an dau, diéu nay co thé loai bo triét dé
hién twong phan cap thi bac giita cac 16p hinh
anh. Qua trinh ndi suy lién 16p cac hinh anh 2D
da dugc nang cao do phan giai duogc thuc hién
dua trén udc tinh gia tri thang do d¢ xam cua
phuong phap ndi suy tuyén tinh véi su hd tro
ctia phan mém MATLAB phién ban R2022b.

Gia st rang hai hinh anh 1 S,(x,,y,,z,) va

S (x:,,,2,,,) dai dién cho anh dugc noi suy,
S.a(x:,y,,2,,,) dai dién cho hinh anh trung
gian dugc x4y dung bang phép noi suy lién lop
Trong do, p, va p,  dai dién cho hai diém
tuong ung trén S, va S

.1 » kKhi do gid tri mau

xam f(p,, ,)cua diém Dy, trén anh trung gian
S,., s€ dugc tinh nhu sau (Li, 2008):

f(pe)=0=) f(p)+df (pr.)) ()

b. Phwong phdp biéu dién bé mt

Phuong phép biéu dién bé mit 1a phuong
phap tao ra cac don vi hinh hoc trung gian bang
cach trich xuét cac diém tir mit dang 1ap cua di
li¢u hinh anh 2D da qua ndi suy lién 16p (Xu et
al., 2001). Sau d6, cac don vi hinh hoc nay cung
v6i cac duong bao cua cac mit dang lap sé dugc
két ndi bang cong nghé dd hoa may tinh nham
tao ra md hinh 3D cua vat thé. Trong phuong
phap biéu dién bé mit, nhiéu thuat toan khac
nhau ¢6 thé duoc lua chon. Sy khac biét cua cac
thudt toan 1a st dung loai don vi hinh hoc nao
trong viéc két ndi cac mat dang lap (Xia et al.,
2017). Hién nay, thuat toan dugc str dung nhiéu
nhét 1a thuét toan phat hién canh Canny véi céac
don vi hinh hoc trung gian la cac tam giac (Li,
2008). Trong thuat toan Canny, cac duong bao
cua cac mat déng 1ap duogc trich xuét chira céc
dinh tam giac va chung s& dugc ghép nbi lai véi
nhau dé tao nén mé hinh 3D cua vat thé (Liu,
2006).
c. Phwong phdp biéu dién thé tich

Phuong phéap biéu dién thé tich 1a phuong
phap str dung truc tiép cac don vi diém anh tich
(voxel) va cung cip cho chung mot gia tri do
sang va do trong sudt nhat dinh (Zeng et al.,
2004). Cac diém anh tich duogc chiéu 1én mat
phing bang cach st dung nguyén tic quang hoc.
Trong phuong phap biéu dién thé tich, mdi diém
anh tich duoc coi 1a mét hat vat chat va ching
o thé truyén, phat tin hi¢u hodc phan xa anh
sang (Xu, 2001). Cac hat vat chat nay dugc
chiéu hodc d6 bong t6i mot mit phang tich hop
bang cach iy cac gia tri d6 trong sudt va gid tri
mau trung binh theo cic dic diém cua chung
(Levoy, 1988). Gia sir anh sang duoc chiéu tai
diém r theo huéng @ trong dit liéu thé tich voi
pham vi S%, cong thirc d0 sang s& duoc tinh toan
nhu sau (Deng et al., 2012):

OXVL(r,&) = ~4,(r, @)+ £(r, @) + | -k(r,&'—> B)L(r, ®)dw (4)
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Trong do:

¢,() 1a hé sb hap thy;

&(r,w) la phuong trinh tan xa;

va k(r,@® — @) la hat nhan tan xa.

Cac budc md phong méd hinh 3D bing
phuong phap biéu dién thé tich trong méi
truong MATLAB dugc thuc hién theo 5 budc,
cu thé nhu sau:

(1) Xay dung tap dir liéu 3D: nghién ctru st
dung ham “imread” dé doc 10 hinh anh 2D ban
dau cua 10 vi tri thu song radar trén than cay va
27 hinh anh 2D thu dugc bang phép noi suy lién
16p. Sau @6, 37 hinh anh nay dugc ding dé tao
tap dir liéu 3D bang ham “cat” véi kich thudc
XxYx37.

(2) Tién xir 1y dir lidu: tap dit liéu 3D duoc
xay dung bdi ham “cat” thuong c6 dung luong
kha 16n do d6 s& 1am giam tdc do hién thi hinh
anh. Nghién ctru da st dung ham “reduce the
volume” dé loai bo mot sé diém anh hodc 16p
dit liéu ma khong lam anh huong dén chét luong
dd hoa va ham “smooth” dé nang cao chét luong
hinh anh 3D.

(3) Xay dung dudng bao ba chiéu: ham “iso-
surface” duoc str dung dé tinh toan phép chiéu
tich Ity cua tap dit liéu 3D trén mat phang hién
thi va ham “patch” dugc st dung dé tao ra cac
ddi tuong dd hoa 1a mdt hodc nhiéu da giac két
ndi cac 16p hinh anh.

(4) Thiét 1ap cac thong sé va didu chinh hinh
anh hién thi: ¢ dam bao moé hinh 3D cua phan
muc rudng trong than cdy c6 thé hién thi mot
cach tryc quan nhét, nghién ciru di thir nghiém
va diéu chinh d¢ trong subt ciia hinh anh mo
phong thong qua cac gia tri ctia d6 1éch va hé s6
gbc trong hai ham “patch” va “alpha” bang cach
chi dinh gia tri tir 0 (hoan toan trong sudt) dén 1
(khong trong sudt). Sau khi thir nghiém va xac
dinh duoc dd trong subt tdi vu (céac gia tri phu
hop nhat), ham “lighting” dugc s dung dé xac
dinh sy phan bd cua anh sang hién thj trén hinh

(a)

anh, cac ham “view” va “axis” dugc st dung dé
hién thi hinh anh cudi cing cia mé hinh mé
phong.

(5) Trong qua trmh xur ly dit liéu, phan gb b1
muyc ruong va phan gb lanh c¢6 su twong phan rat
cao ve gia tri thang do do xam, do d6 nghién ctru
ap dung phuong phap phan tich dlem anh dé co
thé dinh luong phan g6 bi muc rudng mot cach
chinh xac nhit bang ham “impixel”. Phuong
phap phan tich diém anh c6 thé thu duoc ti 18
phan trim phan gb bi muc rudng so vai thé tich
g0 ctia 1 m than ciy diéu tra va thu thap di liéu.

Trong nghién ctru nay, do ddi twong nghién
ctru 12 loai cay Tuyét tiing c6 gia tri canh quan,
cdy nam trong khuén vién ciia Truong Dai hoc
Noéng 1am Tay Bic - Trung Qudc, vi vay viéc
cit ha va bd than cay dé so sanh két qua mo
phong va thyc té kho co thé thuc hién mot cach
thuan loi. Bé khic phuc van dé nay, ngh1en cuu
sir dung dbi twong thay thé 1a mot ca thé cay cia
loai B két trung hoa (Gleditsia sinensis Lam.)
c6 phan muyc rudng 16 thién. Cay Bo két trung
hoa dugc lya chon cling nam trong khuon vién
ctia Truong Dai hoc Nong 1am Tay Béc - Trung
Qudc. Tét ca cac bude xdy dung mo hinh 3D
ctia phan rudng cho cdy Bo két trung hoa ciing
dugc thyc hién nhu dbi v6i loai Tuyét ting.
Nghién ctru sir dung phuong phap danh gia cia
chuyén gia dé kiém ching ket qua mo phéng
ctia mé hinh 3D phan muc rudng.

3. KET QUA VA THAO LUAN
3.1. Tién xir Iy hinh anh théng qua diéu chinh
thang do mau xam

Sau khi str dyng thudt toan trung binh co6
trong s6 dé chia ti 16 mau xam cta hinh anh 2D
ban dau, hinh anh thu duoc thé hién trong Hinh
3. Két qua cho thay, hinh anh di qua xir Iy c6 do
sang va do t6i phu hop, cic goc canh ciia phan
muc rudng thé hién twrong ddi 1 rang, d6 twong
phan tong thé nhin chung 14 cao hon so véi hinh
anh géc, thuén tién cho viéc nang cao chét lugng
hinh 4nh hon nfra.

(b)

Hinh 3. Két qua tién xir Iy znh 2D phin muc rudng trong thin ciy Tuyét tung
a: hinh anh chwa xiw ly, b: hinh anh da qua xw ly
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3.2. Nang cao chit lwgng ciia hinh 4nh di qua
tién xir Iy

Trong cong doan nang cao chat luong cua
hinh anh dd qua tién xt 1y, nghién ctu thir
nghiém diéu chinh cac gia tri ctia hai thong s k
va d trong thuat toan tuyén tinh hoa thang do
mau xam. Két qua cho thiy, chit luong hinh anh
& lan xtr 1y thir 2 ¢6 sy khac biét khi cac gia tri
ctia 2 théng sb k va d thay dbi. Cu thé, so véi
hinh anh gbc (Hinh 4a) thi khi diéu chinh gi4 tri
ctia thong sd k > 1, gia tri diém anh cta hinh anh
tang 1én dang ké, phan gd muc rudng véi cac
goc canh khong thé nhdm 14n va co sy khac biét
rt rd rang gitta mau den va mau tring so véi
cac phan gd khong bi muc rudng (Hinh 4b). Su
khéc biét nay con dugc thé hién trong Hinh 4b1,
xac sudt xuat hién ciia cdc mirc tuong g véi
mau den, trfmg va xam chénh 1éch nhau 1a rat
cao (thang do mau xam bi thu hep tir 0,85-1,00).
Khi diéu chinh gia tri cta théng s6 k nim trong
khoang tir 0-1 thi chat lugng ctia hinh anh nguoc
lai so voi gié tri k > 1. Lac nay, d tuong phan
va do sang cua hinh anh giam xubng rat thap,
goc canh ciia phan g muc rudng khé phan biét

va thé hién kém tryc quan (Hinh 4c). D6 thi
tuong tmg voi gia trj 0 <k < 1 ciing cho thiy sy
phan bd gid tri cia mau xam chu yéu tap trung
0 mdt vung; su phan bd cac mirc dd xam cua
hinh anh tré nén hep hon véi gia tri thang do
mau xam nam trong khoang 0,4-0,5 (Hinh 4c1).
Khi gid tri k = 1, hinh anh 1a anh ban dau da
qua tién xr Iy nhung do6 sang duoc nang cao
(Hinh 4d) va d6 sang cua hinh anh luc nay ti 1¢
thuan vé6i gia tri cua thong sé d. Két qua nay
chi ra rang, sy thay doi vé gia tri cta thong sd
d d3 lam tang gia tri diém anh 1én mot mirc nhat
dinh va d6 thi phan bd gia tri mau xam c6 xu
hudng 1€ch sang phai, cac gié tri thang do do
xam tap trung chu yéu ¢ mac > 0,5 (Hinh 4d1).
Khi gia tri cua k < 0, vung sang trong anh da
qua tién xur 1y bi t6i di, trong khi ving ti duoc
lam sang 1én, day 1a hiéu ung hién thi ngugc
(Hinh 4e) va do thi phan bd gia tri mau xam
cling bi dao chiéu (Hinh 4el). Tir cac két qua
thir nghiém cho thay, chat lugng ctia hinh anh
da qua tién xtr 1y tét nhat 1a ¢ gia tri k= 1,3 va
d = 0 khi sir dung phuong phap tuyén tinh hoa
cho thang do d6 xam.

(a) ) C)) (e)
o _-
e .

(a1) (b1) (c1) (d1) (e1)
0.4 . 0.4 0.4 0.4 04
o
@O 0.3 03] 0.3 0.3 03
=
&
=
= 02 0.27 0.2 0.2 0.2
= '
w2
Q
Nt
> 0.1 0.1r 0.1 0.1 0.1
0 T 0 | 0 0 I 0 - ]
0 0.5 1 0 0.5 1 0 0.5 1 0 0.5 1 0 0.5 1

Gia tri cua thang do d§ xam

Hinh 4. Két qua thir nghi¢m diéu chinh d9 twong phan ciia hinh anh 2D

avaal: dnh géc; bva bl: gidtrik=13vad=0; cvacl: gidtrik=05vad=0;
dvadl:giatrik=1vad=50;evael: giatrik=-1vad=255
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3.3. N§i suy hinh dnh

Hinh anh noi suy lién 16p dé tao mé hinh 3D
ctia phan muyc rudng 14 cac 16p hinh anh ban dau
(16p trén — Hinh 5a) va cac 16p hinh anh da dugc
nang cao chat lugng anh (16p dudi — Hinh 5b).
O 1an noi suy lién 16p dau tién, hinh anh ndi suy
va hinh anh céc 16p (16p trén va 16p dudi) van
c6 su khac biét dang Ké, chung c6 hién tugong
phan bac, két qua nay 1a khong 1y twong (Hinh
5¢). O 1an noi suy lién 16p tiép theo, su khac biét
gitra hinh anh cac 16p da duoc cai thi¢n mat
phan, két qua 12 hinh anh ndi suy gidng v6i hinh
anh 1op trén va 16p dudi (Hinh 5f). Viéc ndi suy
lién 16p cac hinh anh mit cit ngang theo thir tur
ctia phan muc rudng than ciy & cac do cao khac

(a)

nhau sé& 1am ting s6 lugng hinh anh ciing nhu
cai thi¢n do chinh xac ctia mé hinh 3D sau nay
(Zhang et al., 2008). Trong mé phong mo hinh
3D, phuong phap ndi suy hinh anh thuong dugc
thuc hién trén may tinh ma khong phai 1a cac
may tram di kém véi thiét bi TRU tree radar, boi
thuc hién trén cadc may tram thi thoi gian xu 1y
s& lau hon rat nhiéu (Chen et al., 2017). Tuy
nhién, ¢ dam bao do chinh xéac va ¢6 thé kiém
ching su khac biét gitra cdc phuong phap,
nghién cuu thyc hién nodi suy lién 16p xen ké
nhau trén ca may tinh va may tram, didu nay c6
thé vira cai thién tbc do xur Iy vira ning cao do
chinh xac cia mo6 hinh 3D dugc mo phong.

Hinh 5. Két qua ndi suy hinh anh 2D phin muc rudng trong than ciy Tuyét ting
ava b lan lwot la hinh anh [6p trén va I6p dwdi diege ndi suy; ¢ la anh trung gian thu dwoc bang noi suy
tuyén tinh; d va e la anh I6p trén va I6p duwdi thu & lan ngi suy dau tién;
fla hinh anh néi suy thu dwoc & lan thir hai

3.4. Biéu dién bé mit

Phuong phap biéu dién bé mit c6 yéu cau rat
cao trong vi¢c phat hién canh cua vat thé va nd
¢ thé duogc thuc hién br:ing nhiéu toan tor do
canh khac nhau nhu Roberts, Prewitt, Sobel
hodc Canny (Kang, 2019). Trong nghién ctru
nay, toan t& do canh cua vat thé 1a Canny da
duoc lua chon do né ¢6 nhiéu wu diém nhu do

(a)

chinh x4c cao va téc do xir Iy twong d6i nhanh
hon so véi cac toan tur khac (Xia et al., 2017).
Két qua cho thay, dudong bao ciia phan muc
rudng trong than cay twong ddi rd rang va hoan
chinh, cu thé duong bao va cac goc canh cua
phan myc rudng khong bi che mo va dirt quing
(Hinh 6b).

Hinh 6. Két qua phat hién canh; a 12 dnh géc va b 1 anh phat hi¢n canh

Hinh anh 3D duoc mé phong bing phuong
phap biéu dién bé mit khi ghép nbi cac dudng

ddng mirc duoc thé hién trong Hinh 7a. Khi st
dung phuong phap nay dé moé phong mé hinh
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3D cua vat thé, su tuong tng giira cic dudng
ddng murc 13 vo cung quan trong. Néu c6 nhiéu
hon mot duong ddng mirc gitta hai 16p lién ké,
can xem xét cac dudng ddng mirc ndo nén dugc
su dung. Khi sy khac biét cua cac duong déng
mutrc & hai 16p lién ké 16n thi do kho trong viéc
ghép ndi s& rat cao, vi vay viéc lya chon mot
phuong phép ndi suy thich hop 1a vo cung quan
trong. Dit liéu str dung trong phwong phap biéu
dién bé mat chi 1a mot phan cia toan bo dir liéu
gbc da qua xur 1y. Do d6, phuong phap biéu dién
bé mat c6 wu diém 1a khéi lugng tinh toan it,

- 800
600

chiém dung bo nhé may tinh nho (500 MB), toc
d6 xtr Iy nhanh (5 phut), c6 thé thyc hién mo
phong mé hinh 3D mot cach dé dang. Tuy nhién,
phuong phap biéu dién bé mit doi hoi d6 chinh
x4c cao cua vi¢c phat hién canh, do d6 hi¢u qua
hién thj thuong khong 1y tuong ddi voi mot sd
hinh anh 3D ma phan muc rudng cé cau tric
phirc tap. Didu nay dan dén thong tin vé cau tric
phﬁn muc ruSng bi han ché va mdéi chi 1a thong
tin bé ngoai, khong thuan tién cho viéc quan sat
cling nhu phan tich sdu vé cac ton thuong trong
than cdy hoic go.

40
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} i
40& 2, -

200 \\71“/40”/” ﬂ‘wo —

Hinh 7. Mé hinh 3D phin muc rudng than ciy Tuyét tung dwoc thé hién
bing phwong phap biéu dién bé mit (hinh bén trai) va biéu dién thé tich (hinh bén phai)

3.5. Bi¢u dién thé tich

Khéng gidng nhu phuwong phap biéu dién bé
mat, vu diém cia phuong phap biéu dién thé
tich 12 khong yéu cau mit cit chinh xac tir hinh
anh 2D cua dit liéu ban dau. Phuong phap biéu
dién thé tich xir 1y tmg diém anh trong cac tap
dir liéu thé tich riéng biét va cubi cung 1a mod
phong lai hinh anh 3D. Két qua mé phong md
hinh 3D phan muc rudng than ciy bing phuong
phap biéu dién thé tich duoc thé hién trong Hinh
7b v6i phan muc rudng dugc xac dinh thong qua
phuong phéap diém anh, chiém ti 1& 32,3% tong
thé tich ctia 1 m than cy. Duya trén két qua danh
gi4 ctia chuyén gia, phuong phap biéu dién thé
tich duoc nhan xét co thé khoi phuc hinh dang
phan muyc rudng trong than ciy tir cac goc do
nho nhét, déng thoi viée diéu chinh do trong
sudt da gitip ting cuong hiéu Gmg hién thi cua
mo hinh mo phong. Do phuong phép biéu dién
thé tich can tinh toan cac gia tri cla timg diém
anh trong dir 1iéu nén khéi lwong tinh toan twong
d6i 16n, lam giam tdc d6 hién thi cia mé hinh
(thot gian x1r 1y trung binh 20 phut, dung luong

dir liéu khoang 1 GB). Trong truong hop mubn
thay d6i goc hién thi ciia mé hinh 3D thi toan b
qua trinh biéu dién thé tich s& bat dau lai tir dau.
Chinh vi nguyén nhan nay ma phuong phap bleu
din thé tich doi hoi may tinh can phai c6 ciu
hinh cao. Mic du tbc d6 xir Iy cuia phwong phap
biéu dién thé tich cham hon so v6i phuong phap
biéu dién bé mit, nhung cac thong tin ctia phan
muc rudng than ciy duoc giit lai twong dbi day
du, mo hinh 3D cua phén muc rudng duogc hién
thi 1& rang va khong bi che 14p bdi cac duong
ddng muc. Phuong phap biéu dién thé tich co
thé mé phong chinh xac phin muc rudng trong
than cay co cAu trtc phuc tap, thudn tién cho
viéc quan sat va phan tich sau hon ¢ cac nghién
ctru vé khuyét tat trong than cay hoic gd.
3.6. Phit trién h¢ thong mé hinh héa céu tric
3D ciia cac khuyét tit trong than cay

Nghién ctru di sir dung dong thoi ca phuong
phap biéu dién bé mat va thé tich dé mé phong
m6 hinh 3D cho phan muc rudng than ciy. Dua
trén hai phuong phép nay, mot hé thong truc
quan hoa mé hinh 3D ctia phan muc rudng hoic
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ton thuong trong than cdy dugc xdy dung trén
phan mém MATLAB. Hé théng giao dién d6
hoa dugc dong go6i thanh mdt chuong trinh c6
dudi file “.exe” va co thé chay doc 1ap trén cac
may tinh ma khong can phai cai dat phan mém
MATLAB. Trong giao dién hién thi ctia chwong
trinh (Hinh 8), phan nhap dit liéu dau vao, cac
trinh 1énh va két qua giai doan hinh anh duoc
tach riéng biét trong 3 ctra s6 chinh. Khi st dung
chuong trinh do nhém nghién ctru phat trién,
cac hinh anh 2D ciia phan myc rudng than cay
& cac do cao khac nhau do thiét bi TRU Tree
Radar thu s€ duoc xur 1y trudce, ndi suy va dugce
luu trlr trong mot thu muc méi. M6 hinh 3D

phﬁn muc ruSng s& duoc hién thi & ctra s6 “Két
qua” theo phuong phap biéu dién bé mit hoic
biéu dién thé tich tuy thuéc vao muc dich cua
nguoi st dung.

Mo hinh mé phong 3D va ciu tric phan muc
rudng thuce té cia cay Bo két trung hoa di duoc
danh gia boi cac chuyén gia cia Vién Lam sinh,
Trudong Pai hoc Nong Lam Tay Béc - Trung
Qudc (Hinh 9). Két qua kiém tra va danh gia
theo nhan xét ciia cac chuyén gia 1a dat yéu cau,
phan muc rudng chiém ti 18 92,1% thé tich 1 m
than cdy B két trung hoa c6 phan muc rudng 16
thién; chuong trinh mé phong tét cau tric phan
muc rudng trong than cay.

— >

Cac tac gid cha chuong trinh: Nguyén Van Quy, Nguyén Héng Hai, Pham Thanh Ha, Li Meng, Nguyén Thanh Tudn va Nguyén Van Hogp (2022)

< Nhap dir liéu

Nhap dir ligéu

- E | Tién xt Iy &nh
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Hinh 8. Giao dién clia chwong trinh gidi do4n hinh anh phin muc rudng va cac khuyét tat
trong than ciy véi dir liéu thu dwge tir thiét bi TRU Tree Radar
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Hinh 9. Két qua dinh gia giita mé hinh mé phéng va thue té
A: M6 hinh mo phong; B: than cdy Bo ket trung hoa co phan muc ruong 1o thién

4. KET LUAN

Trong nghién ctru nay, thiét bi TRU Tree
Radar dugc st dung dé phat hién phén muc
rudng trong than & loai Tuyét tung, cdy nim
trong khuon vién cua Truong Pai hoc Nong

Lam Tay Bic - Trung Qudc. Dir liéu phan muc
rudng trong than cay 1a cac hinh anh 2D d4 dugc
trich xuét ¢ 10 vi tri khac nhau trong pham vi 1
m chiéu cao cdy. Viéc mé phong mé hinh 3D
phan muc rudng trong than cay duoc thuc hién
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bang phuong phap biéu dién bé mit va biéu dién
thé tich. Cac két qua nghién ctru cho thay, (i) so
v6i cac ky thuat nghién ciu khuyét tat trong
than cay hodc gd, st dung thiét bi TRU Tree
Radar ¢6 wu diém 1a tinh co dong cao, khong
gay hai cho cdu trac gd hodc sy sinh trudng va
phat trién cta thuc vat, dic biét thich hop dé
phat hién cac khuyét tat bén trong ctia cac ciy
song. (ii) Két qua md phong mo hinh 3D bang
phuong phap biéu dién bé mat va biéu dién thé
tich déu c6 nhing wu diém va nhugc diém riéng.
Ap dung phuong phép biéu dién bé mat cho mo
hinh mé phong phan muc rudng trong thin ciy
c6 wu diém 1a tbe d6 xur Iy nhanh, nhung yéu cau
cao d6i voi cac hinh anh dit liéu ban dau, hinh
anh m6é phong 3D kém truc quan hon so voi
phuong phap biéu dién thé tich. (iii) Nghién ctru
da xac dinh duoc gia tri phu hop nhat cia hai
thong s6 do 1éch k va hé sd goc d trong hai ham
“patch” va “alpha” dé gitip cai thién muc do truc
quan cua cac chi tiét nho nhit trong ciu triic 3D
phan muc rudng than cay (k= 1, 3 va d = 0). (iv)
Véi viée phat trién hé thong truc quan hda mod
hinh 3D phan muc rudng trong than cay, nghién
ctru nay co thé gitp cac qué trinh phic tap tro
nén don gian hon trong cac nghién ctru va ung
dung lién quan dén k¥ thuat siéu 4m cay.

Thiét bi TRU Tree Radar bén canh kha nang
phat hién cac tén thuong trong than cay hoic gb
con c6 thé giup xac dinh mat do, chiéu dai ré
cdy trong long dat. Huéng nghién ctru nay mé
ra mgt y tuong madi trong viéc xay dung co s&
dir liéu vé hé ré cua cac loai cay rumg, day la
nhirng thong tin v6 clng co gia trj trong viée két
hop cac loai cay khi trong méi hodc phuc hoi
cac hé sinh thai rimg, nham gitip cac loai cay tan
dung t6t nhat vé khong gian dinh dudng. Do do,
d6i voi cac nghién ciru trong tuong lai, nghién
cuu khuyén nghi nén thyuc hién cac diéu tra c6
lién quan vé phan bd khong gian cua ré cay cac
loai nhiét di, tir d6 c6 mot co so dir lidu day du

va hoan chinh vé h¢ ré cta cac loai thuc vat rung.
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SUMMARY
Correctly identifying and describing the position and structure of the internal wood defects, such as internal decay,
knots, dry rot, etc., is significant for old tree conservation, urban tree and commercial wood assessment, and
mending of cultural relics. This study was performed to simulate the three-dimensional (3D) structure of the tree's
internal decay based on the data obtained by ultrasound technique. The original data of internal decay were
obtained at different tree height positions using TRU Tree Radar, and then they were processed and interpolated
in MATLAB software. Two methods simulated the 3D structure of the internal decay, namely surface rendering,
and volume rendering. The results showed that the surface rendering method quickly simulated the 3D structure
of the tree's internal decay, but the information was incomplete and less intuitive. The volume rendering method
can accurately simulate the complex structures of internal decay. The study successfully experimented with and
proposed parameter values adjustment of the grayscale linearization algorithm to improve the visualization of
the tree’s internal decay simulation structure. A graphical user interface was designed for image visualization of

lesions and defects inside the tree trunk or wood.

Keywords: MATLAB, old tree conservation, radar waves, virtual reality simulation, wood defects.
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