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Keywords: primarily measures region overlap and may not adequately capture
geometric boundary accuracy for thin, elongated structures such as cracks.
Boundary F1-score (BF1), ; ; ; ; : ;
. This study investigates the complementary relationship between the region-
Crack segmentation,

based loU metric and the boundary-based Boundary F1-score (BF1), with the
aim of clarifying their respective strengths and limitations in crack
segmentation assessment. Experiments were conducted using a U-Net model
with a ResNet-34 encoder on two datasets with distinct labeling
characteristics, including a multi-source ground-image dataset and a
consistently annotated UAV dataset. In addition, a controlled boundary-
deviation experiment was designed to directly evaluate the response of both
metrics to predefined geometric distortions. The results indicate that loU
tends to increase withcrack width and mainly reflects area overlap, whereas
BF1 is more sensitive to boundary localization errors and annotation quality.
For wide cracks, IoU achieved similar values across both datasets (0.706),
while BF1 clearly discriminated data quality, increasing from 0.273 on the
multi-source dataset to 0.875 on the UAV dataset. The controlled experiments
further demonstrated that BF1 decreases onceboundary deviations exceed the
tolerance threshold 6, whereas loU degrades more gradually with increasing
geometric distortion. These findings demonstrate that IoU and BF1
characterize different geometric aspects of segmentation quality and
therefore should not be used interchangeably. Based on this evidence, the
study recommends a standardized evaluation framework that reports both
region-based and boundary-based metrics to provide a more reliable
assessment of thin linear structure segmentation.
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DPanh gia hinh hoc trong phan doan vét nitt: phan tich tinh twong
ho gitra chi s6 viing (IoU) va chi s6 bién (BF1)
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THONG TIN BAI BAO TOM TAT

Qud trinh: Phdn doan vét nivt tir dnh la mét nhiém vu quan trong trong kiém tra va bdo

NPén bai 15/6/2026 tri két cdu ha tdng, trong dé dé tin cdy cia mdt na du bdo dnh huéng tryc
Straxong 02/9/2026 tiép dén viéc ddnh gid mirc dd hw héng. Mdc dui chi s6 Intersection over Union

Chép nhan ding 12/9/2026 (loU) dwoc si¥ dung rong rdi dé ddnh gid két qud phdn doan, chi s6 nay chi
o Yyéu phdn dnh murc do ch6ng Id'p ving va chuwa mo td déy dti do chinh xdc hinh
Tir khéa:
hoc cua ranh gioi doi véi cdc déi twong dang tuyen mdnh nhw vét niit.
Nghlen ctru ndy phén tich méi quan hé bo sung giira chi s6 viing loU va chi
. i s6 blen Boundary F1-score (BF1), nhdm lam r6 vai tro va han ché cia tu'ng
Intf:rsectlon over Union, chi s6 trong ddnh gid phdn doan vét nitt. Thuc nghiém duoc thuc hién véi
Phan doan vét nut, mé hinh U-Net str dung b md héa ResNet-34 trén hai b di¥ liéu c6 ddc tinh
U-Net. nhdn khdc nhau, gdm tdp dnh da ngudn mdt ddt va tdp dnh UAV dwoc gdn
nhdn nhdt qudn. Bén canh dé, mot thi nghiém sai léch bién cd kiém sodt dwoc
xdy dung dé ddnh gid truc tiép phdn ting ctia cdc chi s6 trudrc cdc bién dang
hinh hoc. Két qua cho thay IoU c6 xu hwdng tdng theobé rong vét nikt va chi
yeu phan dnh mirc d chong ldp dién tich, trong khi BF1 nhay hon vdisailéch
Vi tri ranh gidi va chdt lwong nhan gdn. Trén nhém vét nikt rong, loU dat gid
tri twong dwong giira hai bd div liéu (0,706), nhwng BF1 phdn biét ré chdt
lugng dit ligu, tang tir 0,273 6 tdp da ngu?)n 1én 0,875 6 tdp UAV. Thi nghiém
sai lech cé kiém sodt cho thdy BF1 suy gidm manh khi sai léch bién vurot qud
nguwéng dung sai, trong khi IoU bién doi twong doi tir tir theo mukc do bién
dang. Nhitng két qud nay cerng minh rang loU va BF1 phdn dnh cdc khia
canh hinh hoc khdc nhau va khéng thé thay thé cho nhau trong ddnh gid
phdn doan vét nirt. Trén co sé& do, nghién ciru dé xudt quy trinh ddnh gid
chudn héa theo huéng bdo cdo dong thoi chi s6 viing va chi s bién nham
ndng cao do tin cdy trong ddnh gid cdc cdu tric dang tuyén mdnh.
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1. M¢é dau

Khdo sat va danh gia vét nirt 1a nhiém vu quan
trong trong cong tac quan ly va bao tri ha ting. Sw
phat trién ctia cong nghé xtt Iy anh va hoc siu cho
phép phat hién va phan doan vét nit truec tiép tir
anh & cap do diém anh (pixel), qua d6 trich xuit
cac dac treng hinh hoc nhw chiéu dai, chiéu rong
va hwédng phat trién cia vét nit. Tuy nhién, phin
doan vét nirt van 1a mot bai toan thach thirc do nén
anh phirc tap, diéu kién chiéu sang thay doi, két
ciu bé mat khéng dong nhit va dic trung hinh hoc
manh va khéng dong déu ctia vét nikt (Du va nnk.,
2021; Kheradmandi & Mehranfar, 2022). Cac tiéu
chuin danh gia tinh trang dwong bd cling duoc
quy dinh trong cac tai liéu k§ thuat hién hanh (B6
Khoa hoc va Cong nghé, 2024; Miller & Bellinger,
2014).

bé gidi quyét nhirng khé khidn nay, nhiéu
nghién ctiru da tip trung vao viéc cai tién cic mo
hinh phan doan dwa trén hoc sau. Cac phwong
phép ban dau chu yéu str dung mang tich chap va
kién tric encoder-decoder nhw FCN hodc U-Net,
sau d6 dwgc mé rong véi mang phéan dw, co ché
chd y va Transformer nham cai thién kha ning
nhin dang vét nitt manh trong nén phirc tap (Al-
Huda va nnk, 2023; Dung & Anh, 2019; Fei va
nnk, 2020; Kang & Cha, 2022; Yu va nnk.,, 2023).
Gan day, cac hwdng ti€p cAn méi nhw mo hinh lai
(hybrid) hodc m6 hinh khuéch tan cling dwgc dé
xuit nham tang cwdong ning luc biéu dién va kha
nang tong quat héa (Chen va nnk., 2024; Goo va
nnk.,, 2025). Nhin chung, phan lén cac nghién ctru
hién nay tap trung vao viéc nang cao hiéu qua mo
hinh va chit lwong dir liéu.

Khi hiéu sudt mé hinh ngay cang dwoc cai
thién, cach danh gia chat lwong mét na phin doan
tré thanh van dé quan trong can dwoc xem xét.
Trong nhiéu nghién ctru, cac chi s6 danh gia theo
diém anh hoic chdng 14p viing nhw IoU, Dice van
dwoc st dung phé bién. Tuy nhién, cac chi s6 nay
chti yéu phdn anh mirc d6 trung khép vé dién tich
ma khong danh gia truc tiép do chinh xac hinh hoc
theo ranh gi¢i. Trong khi d6, mot s6 chi s6 dwa
trén bién nhw Boundary Fl-score (BF1),
Boundary IoU hay cIDice da dwoc dé xudt nham bg
sung han ché nay trong cic bai toan phin doan
tong quat (Cheng va nnk,, 2021; Csurka va nnk.,
2013; Korcynski, 2026; Shit va nnk., 2021). Tuy
nhién, vai tro clia cac chi s6 nay doi véi phan doan

vét nit chwa dwoc phén tich mot cach c6 hé théng.
Cac chi s6 nay da dwoc khao sat cha yéu trén doi
tuong c6 vung lén va bién khép kin trong phan
doan anh tong quat. Trong khi Boundary loU dwoc
danh gia trén COCO va Cityscapes (Cheng va nnk,,
2021), clDice lai hwéng téi bao toan tinh lién
thong cua cau truc dang 6ng (Shit va nnk,, 2021).
Hién nay, cAc nghién ctru vé phan doan vét nirt hau
nhuw van chi stt dung céc chi s6 IoU, Dice hodc F1
theo diém anh. CAc chi s6 danh gia bién van chua
dwoc ap dung dé phan tich cho phan doan vét nit.
Khodang tréng nghién ciru nay 1a co s& dé trién
khai cac phan tich trong bai bao.

D061 voi vét nitt, sai 1éch nho & mirc vai diém
anh c6 thé dan dén cach dién giai khac nhau vé
chit lwgng phan doan. M6t dw bdo bam ding
tuyén phat trién c6 thé van c6 loU thdp do dién
tich chong 14p nho, trong khi mot mét na cé loU
cao van c6 thé léch bién, anh hwéng dén viéc xac
dinh vi tri hodc chiéu rong vét nirt. Diéu nay cho
thay viéc chi str dung chi s6 viing chong 14n c6 thé
chwa day du dé danh gia day da chit lwong phan
doan dé6i v&i d6i twong dang tuyén nhw vét nitt.

Nghién ctru nay phan tich dic diém va tinh bo
sung giira chi s& vung (IoU) va chi s6 bién (BF1)
trong phan doan vét nirt. Pong gép chinh cua bai
bao la lam rd vai tro ctia BF1, khi chi s6 nay cung
cip théng tin ranh gidi quan trong ma IoU thiéu
sot, d3c biét ddi vai vét nirt manh, hd tro danh gia
toan dién hon chat lwgng dw bao ctia mo hinh.

2. Dir liéu va phwong phap nghién ciru
2.1. Dir liéu

Nghién ctru st dung hai b dir liéu vét nirt vai
dac trung khac biét vé nguon thu nhin va chat
lwong nhin. B6 dir liéu thir nhat (D1) gobm 1.695
anh chup mat dit téng hop tir 9 ngudn dir liéu
cong khai khac nhau. Bic diém cta cac bo dir liéu
nay la nhan dwoc gin bdi nhiéu nhém va thiéu
tinh dong nhat. Bo dir liéu thir hai (D2) gbm 315
anh thu nhin tir thiét bi bay khong nguwoi lai
(UAV), véi diéu kién thu nhan 6n dinh va nhan
dwoc xay dung theo mot cich nhat quan (Hinh 1).

T4t ca anh cta ca hai bd D1 va D2 déu dwoc
chuin hoa veé kich thwéc 448x448 pixel va duoc
chia thanh cac tp train/validation/test theo ti 1&
twong ting (Bang 1). Anh khong tring l3p duoc
phén chia ngau nhién, doc 14p thanh ba tap huin
luyén, xac thwe va kiém tra theo ty 1€ 70:20:10.
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H D1 — da nguén (9 nguén)
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Hinh 1. Anh va mt na nhdn twong tbng ctia hai bg di¥ liéu D1 (da ngudn) va D2 (UAV).

Bdng 1. Tém tat ddc diém ctia cdc bé dir liéu vét nikt str dung trong nghién ctru.

A 1o 1in S6 lwong | Kich thuéc |Phén chia dir liéu . s N "
B dr ligu anh anh (pixel) | train/val/test Dac diém nhdn Nguon
. sy Ax Nhiéu nhém gan nhan,| 09 ngudn cong
b1 é:‘:lh:%f)dat 1.695 | 448x448 | 1.185/338/172 | khongddngnhit, | khai mit dat
guon). d3cbiéttai bién. | (Middha, 2020).
Cung mot nhém Mot ngudén UAY,
D2 (anh UAV). 315 448x448 220/63/32 gan nhan theo goc chup thang
giao thirc nhit quan. | ding (Ziya, 2025).
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2.2. M6 hinh va thiét lap théng sé hudn luyén

D€ tao cac két qua phan doan phuc vu phin
tich chi s6 danh gi4, nghién cru st dung moé hinh
U-Net (Ronneberger va nnk., 2015) véi bd ma hda
ResNet-34 dwoc khéi tao tir trong so tién hudn
luyén trén tap ImageNet. Trong khi mang U-Net da
dwoc chirng minh hiéu qua cho phan doan vét nit
& cap do diém anh (Kang & Cha, 2022; Yu va nnk,,
2023) thi ResNet-34 cho phép trich xuat dic trung
sau ma van &n dinh khi huin luyén (He va nnk,
2016). Bén canh d6, dd sau 34 cAn bang giita ndng
Iwc biéu dién va chi phi tinh toan, phi hop véi tap
dit liu vét nirt han ché trong nghién ctiru nay.

Anh dau vao 1a anh mau RGB kich thuéc
448x448 pixel, ddu ra la mit na nhi phin vét
nit/nén véi ngwong 0,5. M6 hinh dwoc huan
luyén bang ham mit mat Dice va bd t6i wu hda
AdamW, két hop lich trinh diéu chinh téc do hoc
theo co ché khéi dong 4m (warm-up) va suy giam
theo ham cosine. Thuc nghiém dwoc trién Khai
trén nén tang PyTorch két hop thw vién
segmentation_models_pytorch, thuc thi trén bd
xt Iy d hoa NVIDIA RTX 4000 Ada (21,5 GB) &
ché do do6 chinh x4 hén hop tw dong
(AMP/FP16). Cac siéu tham s6 huin luyén chinh
dwoc tom tit trong Bang 2.

Bdng 2. Thiét Idp siéu tham sé va cdu hinh hudn
luyén kiém sodt.

Tham s6 Gia tri

U-Net, encoder ResNet-34
(tién huin luyén ImageNet)

448 x 448, RGB

Kién tric mang

Kich thuéc anh dau

vao
Ham mit mat Dice Loss
B0 tdi wu AdamW
Learning rate 4 _5
(decoder/encoder) 1,2>107/1,2x10
Weight decay 1072

Warmup tuyén tinh 5

Lich learning rate .
epoch — cosine

Batch size 16
quch to} da/ 100 / patience = 20
dirng sém
Nguwdng nhi phan 05
héa ’
S6 1an 13p (seed khéc 3
nhau)

Cac gia tri khdi tao dwoc thiét 1ap theo ciu
hinh tiéu chuin cho viéc tinh chinh b6 ma hoa tién
huin luyén (He va nnk.,, 2016; Ronneberger va
nnk., 2015); sau d6 cac siéu tham sé nhw tdc do
hoc (learning rate), hé s6 suy gidm trong so
(weight decay) va lich trinh t6i wu dwoc hiéu
chinh thwc nghiém dya trén hiéu nang trén tap xac
thuc ctia bo dir liéu nghién ctru.

2.3. Chi s6 ddnh gia dé chinh xdc mé hinh

Dbé danh gia két qua phan doan, nghién clru st
dung hai chi s6 dai dién cho hai khia canh hinh hoc
khac nhau la IoU (Intersection over Union) va BF1
(Boundary F1-score). IoU do mirc d6 chéng lap
vung gitta mat na dw bao va nhan, trong khi BF1
phan 4nh mirc do twong déng hinh hoc tai ranh
gidi thong qua ngwdng dung sai khoang cach 6.
Viéc str dung song song hai chi s nay giup cung
cAp cai nhin b6 sung vé chit lwong phan doan, dic
biét doi v&i cac doi twong dang tuyén nhuw vét niit.

Trong phan doan nhi phan, cic chi s6 dwoc
xay dwng tir ba dai lwong co ban & cip diém anh
gom (dwong tinh thit - TP, dwong tinh gia - FP va
am tinh gia - FN). Nhom chi s6 chong 1ap viing phd
bién bao gom IoU, F1-score va Dice (Rahman &
Wang, 2016; Sudre va nnk., 2017). Do céc chi s6
nay c6 quan hé chat ché, nghién ctru lwa chon IoU
lam dai dién cho nhém danh gia sai léch ving dé
so sanh vé&i chi s6 bién BF1. Chi s6 IoU dwoc dinh
nghia nhu sau:

_IPn4l TP

" |[PUA| TP+FP+FN (1)
€ [0,1]

IoU

Trong d6: P va A 1an lwot la mat na duw bao va
nhan thyec té. IoU phan d&nh mirc d6 chéng 14p dién
tich trén toan anh, do d6 dai dién cho sai léch ving.

Khac véi loU, BF1 danh gia mic do twong
dong gitra bién dw bao va bién nhidn thong qua
ngudng dung sai khoang cach 6. Mot diém bién
dwoc xem 1a khép néu khoang cach téi diém bién
gan nhit khong vwot qua 0. Chi s6 BF1 dwgc xac
dinh la trung binh diéu hoa gitra do chinh xac bién
Pg(0) va do phd bién Rg(8) (Martin va nnk,
2004):

2-Pg(0) - Rp(8)
Pg(0) + Rp(0)

BF1(0) = € [0,1] (2)

Trong do:
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1
Py(6 =—Z 1(min —
B( ) |B | pEBg”q p”
Plqesy (3)

<o)

1
Ry (6 :—Z 1(min —
B( ) |B | qEBp”p q”
91 peBy (4)

SG)

V6i B,va Bylan luot la tap diém bién dw bao
vabién chudn; | B, |,| By |las6 lwong diém trong
mdi tap; 1(+) 1a ham chi bao. Cach xac dinh diém
khép dwa trén khoang cach gan nhat gidp BF1
phan anh tryc tiép sai 1éch hinh hoc cda ranh giGi
thay vi chi do mirc chéng 14p viing. Theo Martin va
nnk. (2004), danh gia bién can cho phép sai khac
nho vé vi tri do swkhong chic chan trong gan nhan
& mirc diém anh. Nghién ciru cia Csurka va nnk.
(2013) dé xuit ngwong dung sai 6 theo ty 1é
dwong chéo anh. Tuy nhién, v&i cac déi twong
manh nhw vét nitt, ngwdng nay co6 thé 16n hon
chiéu rong thyc té€ cta doi twong. Vi vy, trong
nghién ctru nay, 6 dwoc xac dinh truc tiép tir dac
trung hinh hoc cta vét nit trén dir liéu. Cu thé,
chiéu réng cuc bo cua vét nirt dwoc tinh trén truc
gilta (medial axis) cia mat na nhan, thong qua
khodng cach t&i nén, va gia tri trung vi dwoc st
dung 1am dai dién nham gidm anh hwéng cda
nhiéu va cac gia tri ngoai lai (Fan va nnk., 2020;
Wang & Pang, 2025). Phan tich phan bé cho thay
phan 1én vét nit c6 d6 rong khong vuwot qua 4
pixel. Do d6, nghién ctru nay chon nguwdng dung
sai & mirc 6 = 2 pixel.

Ngudng dung sai 8 trong chi s6 BF1 cin dwoc
xac dinh chat ché thay vi néi rong tuy y, béi viéc
tang 0 luon lam diém s6 ting do do dic tinh cta
cac chi s6 dwa trén dung sai. Nguwdng 6 = 2 pixels
dwocxac dinh 1alwa chon t6i wu duy nhit dwa trén
hai gi6¢i han hinh hoc:

(1) Can trén (8 < 2 pixels): V&i bé rong vét
nirt trung vi bang 2 pixels, néu 6 > 2, cic diém
ranh gi¢i dw bdo nam hoan toan ngoai vét nirt van
dwoc tinh 1a chinh xac, lam mat y nghia hinh hoc
cta phép do.

(2) Can dwéi (6 = 2 pixels): Néu giam 6
xudng 1 pixel, dung sai khong du dé bu dip sai s&
c& 1 diém anh von c6 tir thao tic gan nhan thu
cong (Martin va nnk., 2004). Vi 8 bat budc 1a s6

nguyeén, hai gi¢i han trén loai trir tit ca cac gia tri
ngoai trir 6 = 2 pixels. Do d6, nghién ctru khéng
ap dung phwong phap tinh 6 theo ty 1€ dwong chéo
anh (Csurka vannk., 2013), von tao ra dung sailén
hon nhiéu so véi kich thwéc nét manh cda vét nit.

Vé y nghia vat ly, nguwdng dung sai bién twong
ung voi khodng cach thuc dia d = 6 x GSD
(Ground Sample Distance). Méi quan hé nay cho
phép tham chiéu dung sai danh gia v&i cac tiéu
chuin phan cip hw hong méat dwong khi dir liéu cd
kém thong s6 hiéu chuin (nhw huéng dan cta
FHWA (Miller & Bellinger, 2014)).

2.4. Thi nghiém sai léch bién cé kiém sodt

Trong thwc nghiém, do nhay ctia cac chi so
danh gia chiu tac dong dong thoi tir nhiéu yéu to:
sai l1éch hinh hoc, hiéu nang mé hinh, dac tinh di
liéu huln luyén va chit lwong hinh anh. D€ c6 1ap
riéng yéu t6 hinh hoc, nghién ctiru thiét ké mat thi
nghiém bién dang c6 ki€ém soat trén mét na nhin
chuin cta tip kiém tra D1. Twong ty phuwong
phap phan tich d6 nhay ciia Cheng va nnk. (2021),
nhan chuin dwoc str dung lam tham chiéu dé tong
hop cac mat na dw bao mo phdng véi loai hinh sai
s6 va bién do bién dang dworc xac dinh trudc. Qua
dé, nghién ctru dinh lwgng chinh xac do nhay cda
IoU va BF1 déi véi tirng dang va cap dé sai 1éch
hinh hoc.

Ba dang bién déi hinh hoc dwoc lwa chon gom
gidn bién (dilation), co bién (erosion) va dich mat
na (shift), dai dién cho cac dang 16i phé bién trong
phan doan anh. Trong do, gian va co bién dwoc st
dung d€ mo phong sai léch ti 1é viing phan doan,
con dich mat na mé phdng sai 1éch dinh vi doi
twong (Chen va nnk., 2024). Khi ap dung cho vét
nitt, gian bién twong ng v&i dw bdo thira lam
vung nitt day hon nhan. Co bién phan dnh dw bao
thiéu lam vét nit bi manh di hodc mat doan, trong
khi dich mat na gittr nguyén hinh dang tuyén
nhung lam 1éch vi tri so v&i nhan chuan.

Mirc do sai léch dwoc kiém soat theo don vi
pixel, cho phép phén tich dinh lwgng sw thay doi
cta IoU va BF1 theo tirng mirc bién dang ting dan.
Nho do, thi nghiém khong chi gitip quan sat truc
tiép phan (ng cuta tirng chi s truée cac dang sai
1éch hinh hoc, ma con cung cip co s& dé dién giai
cac két qua thuc nghiém thu dwoc tir mo hinh.

3. Két qua thwc nghiém
3.1. Két qua dinh tinh
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Két qua dw dodn vét nitt ciila mo hinh trén hai
tAp dit liéu ki€ém tra D1 (4nh mit dit) va D2 (anh
UAV) dwoc true quan hoa qua cac 16p phu diém
anh (dai dién cho chi s6 IoU) va lép pha dwong
bién trong dung sai 6 = 2 pixel (dai dién cho chi so
BF1).

Daéi véi nhém vét nikt rong, ré viing
Hinh 2 thé hién viung mau xanh 14 (True
Positive - TP) chiém dién tich chd dao. Tuy nhién,

Nhan chulin

Al

tai cac khu vuee ria va vung tiép giap xuét hién rai
rac cac diém mau vang (False Negative - FN) va
mau dé (False Positive - FP). Trén c6t 1¢p phu BF1,
cac dwong mau vang (FN bién) xuat hién day dac
doc theo canh vét nit, trong khi cac doan mau
xanh 14 (TP bién) chiém ty 1é rat thap. Riéng déi
v&i mau c6 hinh dang kéo dai theo duwdng thing
ngang don gian (mAu 4 va mau 5), cic doan bién
du bao chinh xac c6 xu hwéng tang 1én.

D@i véi nhém vét nivt mdnh (Hinh 3)

Lép phi toU Lép phi: BF
{TP/FP/FN theo blén)

(TP/FPITN theo diém anh)

foU = 0.437 BF1 = 0.006

loU = 0.482 BF1 = 0,055

loU = 0.794

BF1 = 0.208

D1 = Vét nit rong ré ving: loU cao, BF1 thip — bién dy béo khéng bam sat nhén chusn

TP — vét nit dy bio dang (di€m anh)
BN FP — dy béo thima (d¥m anh)

FN — bd 56t wit ndt (diém anh)
BN TP — bién ding (8 = 2 pixel)

S FP — bién ngodl nhin chuln
FN — bién nhan chudn bd st

Hinh 2. Trwong hop loU cao nhung BF1 thdp trén vét nivt rong. Cdc phép overlay thé hién
TP/FP/FN theo diém dnh (IoU) va theo bién (BF1).
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Lop phva Sol) Lop phvi BF1
Nhan chukn (TPITP/FN theo didm anh) (TP/TPITN theo bikn)

loU » 0.357 BF1 = 0.305
loU = 0.343 BF1 = 0,700

loU = 0,232 BFl1 = 0,767

() D1 — D& ligu anh miat At da ngubn: loU thip, OF 1 cac — mé hinh nhin ra dung dubng bldn vét ndt ménh

ol » 0.420 BF1 = 0,240

ol = 0,534 BF1 = 0,941

(b) D2 — DI li4u dnh UAV; ol thip, BF 1 cac — mé hinh ahin ra dung duong bidn vét ndt manh

BN TP — vét n(t oy bdo ding (Am anh) FN ~ b0 <0t vét nat {diém Snh) TR FP — bin ngodl nhdn chudn
BN FP o dy béo thim (4dm snh) BN TP — bidn ding (8 = 2 pixel) FN — bidn nhan chuén bd sét

Hinh 3. Trwong hop BF1 cao hon loU trén vét nirt mdnh. loU ddnh gid theo chdng Idp ving,
trong khi BF1 phdn dnh mirc dé bam theo bién.
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Trén ca hai tip dir liéu D1 va D2, c6t 16p phu
IoU cho thay cac diém mau vang (FN) chiém wu
thé 16m, dién tich chong 1ap xanh 14 (TP) xut hién
rat it. Ngworc lai, trén cot 1ép phu BF1, dwong mau
xanh 14 (TP bién) bam rd theo tuyén vét nitt, tuy
trén D1 vAn xen ké& cac doan bé sét. Trén tap D2,
dwong bién dung lién tuc va bao pht gan hét chiéu
dai vét nitt, tiéu bidu 1a mau 5 va mau 6.
3.2. Két qua dinh lwong

Hiéu suit dinh lwgng ctia mo hinh trén hai tip
dir liéu kiém tra D1 va D2 dwgc tong hop va phan
loai theo do rong vét nirt (nguwdng phan tach 26 =
4 pixel) trong Bang 3.

Chi s6 IoU

Gia tri IoU trung binh cia nhém vét nitt rong
gan nhw bang nhau trén ca hai tp di liéu (0,706).
Khi chuyén sang nhoém vét nitt manh, chi s6 nay
sut gidam xudng mirc 0,542 (trén D1) va 0,546
(trén D2). Xét vé d6 on dinh, nhém D2-nit manh
c6 do 1éch chuin thap nhat (o = 0,091), trong khi
nhom D1-nit manh cé do 1éch chuin cao nhit (o
= 0,144). Phan tich phan b6 lién tuc (Hinh 4) ghi
nhan hé s6 twong quan Spearman gitra do rong vét
nit va IoU dat gia tri dwong trén ca hai tap: p =
+0,38 (D1) va p =+0,60 (D2).
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Chi sé6 BF1 va cdc thanh phdn bién

Trén tip D1, chi s6 BF1 trung binh cia nhom
vét nirt rong & murc thap (0,273), nhwng tang dang
ké1én 0,531 & nhdm vét nirt manh. Ngworc lai, trén
tip D2, chi s6 BF1 duy tri & mic cao va 6n dinh
trén ca hai nhém nitt rong (0,875) va nitt manh
(0,842). Hé s6 twong quan Spearman giira d6 rong
vét nit va BF1 (Hinh 4) dat gia tri Am ro rét trén
D1 (p = -0,55) nhung dat gia tri dwong nhe gin
bang khong trén D2 (p = +0,15).

Dai véi cac chi s6 thanh phan bién, hiéu so
gitta do chinh xac bién (Pz(6)) va do phua bién
(Rp(6)) dat gia tri lén nhit & nhém D1-nirt manh
(0,767 - 0,419 = +0,348) va nhém D1-nitt rong
(0,410- 0,207 = +0,203). Trong khi d6, hiéu sé nay
gidm xudng murc rat thip trén tip D2 véi +0,039
(nttrt rong) va +0,035 (nirt manh).

Phan tich dé nhay 0 € [1,5] pixels

Két qua Bang 4 cho thiythi tw hiéu nang gitra
cac nhom dwoec gitr nguyén & moi nguwdng. Chi s6
IoU gitr nguyén do ban chit danh gia theo ving,
trong khi BF1 tang dan theo 6 trén ca hai tip dir
liéu (mic tang & D, 1a +0,375-0,421, cao hon so
voi D, la +0,179-0,217). Sw gia ting nay khién
khoang cach BF1 gitra hai tap dir liéu giam lién tuc

Bdng 3. Két qua dinh lwong ctia IoU, BF1 va cdc thanh phdn bién trén hai tdp div liéu.

Bo dit liéu Loai vét nirt IoU BF1 Pg(0) Rp(0)
. _ .| Natrong(>4pixel) | 0,706 +0,124 | 0,273 +0,127 | 0,410 | 0,207
D1 (Pa ngudén mat dat) —, -
N&t manh (< 4 pixel) | 0,542+ 0,144 | 0,531+ 0,166 0,767 0,419
. Nt rong (> 4 pixel) | 0,706+ 0,138 | 0,875+0,085 | 0,897 | 0,858
D2 (Anh UAV) — _
N&t manh (< 4 pixel) | 0,546 +0,091 | 0,842 + 0,069 0,868 0,833
D1 — da ngudn D2 — UAV
1.0 - 1.0 -
0.8 4 ! 0.8
E_ 061 ": : 5_ 0.6 1
3 & 3
E 0.4 1 ; E 0.4 ;
i L-“"—'-AH"‘-—A :
0.2 1 i 0.2 1 i
! plw,loU)=+0.38 1 plw.loU)=+0.60
| 268 = 4 pixel plw,BF1)=-0.55 | 28 = 4 pixel plw,BF1)=+0.15
0.0 T T T T T T T 0.0 T T T T T T T
2 4 6 8 10 12 14 2 4 6 B 10 12 14
B rong vet nit (pixel) B9 rong vét nitt (pixel)
== ol =dr— BF1l

Hinh 4. Quan hé gitva IoU, BF1 va dj réng vét it trén tdp kiém tra D1 va D2. IoU c6 xu huéng tdang
theo do réng, trong khi BF1 thay doi tily theo nguon dit liéu. Cdc diém mor biéu dién tirng dnh,
dwong ndi la gid tri trung binh theo khodng do rong.
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Bdng 4. Gid tri trung binh ctia loU va BF1 trén cdc dnh cta tirng nhém, tai cdc nguéng dung sai khdc nhau.
Cot 0 = 2 pixel twong trng voi gid tri trung binh dd trinh bay trong Bdng 3.

Bo dit lidu Loai vét nitt loU |BF1 (6=1)|BF1 (6=2) |BF1 (6=3)|BF1 (6=4) | BF1 (6=5)
D1 (Pangudn | Nitrong (> 4 pixel) | 0,706 | 0,177 0,273 0,374 0,461 0,552
mat dat) | Nt manh (< 4 pixel) | 0,542 | 0,377 0,531 0,655 0,736 0,798
. Nt rong (> 4 pixel) | 0,706 | 0,729 0,875 0,922 0,936 0,946
D2 (Anh UAV) ——— _
N&t manh (< 4 pixel) | 0,546 0,720 0,842 0,879 0,891 0,899

tir 0,343 xudng 0,101 ddi véi nhom nirt manh, va
datdinh tai & = 2 pixels (0,602) trwéc khi thu hep
vé 0,394 d6i véi nhom niit rong.

3.3. Két quad thwc nghiém sai léch bién c6 kiém
soat

Két qua phan trng doc lap ctia hai chis6 loU va
BF1 d6i véi ba phép bién doi hinh hoc gia lap truc
tiép tir mat na nhan chuin cda tip D1 (khong qua
mo hinh) dwgc mo ta chi tiét trong Hinh 5 va Bang
5.

4. Thao luan
4.1. Sw khdc biét bdan chdt giira IoU va BF1

Sw khac biét ban chat gitra IoU va BF1 xuat
phéat tir co' ché phan anh sai 1éch hinh hoc: loU
danh gia dwa trén dién tich chéng 14p nén nhay
hon véi sai léchkhat khe hon d6i véi vét nirt manh
so v&i vét nirt rong (vi duy, 1éch 1 pixel giy ton that
50% bé rong vét nit 2 pixels nhung chi chiém
10% & vét nit 10 pixels), twong thich véi dic tinh
dwoc khdng dinh b&i Cheng va nnk, (2021).
Ngwoclai, BF1 do lwdng dd bam bién theo khoang
cach thuc té trong nguwdng dung sai 6 doc lap voi
dién tich, song tac ddng thuc sw clia  van chiu sw
chi phéi tir bé rong vét nit. Khi bé rong nhé hon
26, hai dai dung sai chong 14p bao phti toan bo vét
nit. Con khi bé rong 1ém hon 26, hai dai tach biét
budc md hinh phai dinh vi chinh xac ca hai ranh
gidi. Vivay, véi 0 = 2 pixels, méc hinh hoc 26 = 4
pixels déng vai tro nguwéng cot 16i dé phan nhom
dinh lwgng vét nirt manh. Chinh sy khac biét nay
1a tién d@ cho su twong ho gitra hai chi s6, qua d6
bu dip nhitng han ché clia nhau trong danh gia
hinh hoc vét nit.

4.2. Vai tro cta chdt lwgng div liéu va phdn
tich 16i hé théng

So sanh trén hai bo dit liéu khang dinh BF1
nhay hon IoU d6i véi chat lwgng ranh gidi va do

d6éng nhat cta nhan gan. Trong khi IoU duy tri
mirc 6n dinh giira D, va D,, BF1 cho thiy kha ning
phén biét rd rang hon gitra cac mirc chit lwong di
liéu. Toc d6 tang ciia BF1 theo nguwdng dung sai 6
phan 4nh phén bd sai 1éch bién thay vi chi do mirc
chinh x4c trung binh. Cu thé, BF1 trén D, dat diém
cao ngay tai 6 = 1 pixel va sém bao hoa, chirng td
sai s6 ranh gi¢i hau hét khong vueot qua 1 pixel.
Nguworc lai, BF1 trén D4 chi taing manh khi 6 dat 4-
5 pixels, phan anh sy thi€u déng nhat tir dit liéu
gan nhan da nguon. Tuy nhién, do nghién ctru méi
str dung hai bd dir liéu, nhan dinh nay can duoc
kiém chirng thém trwéc khi khai quat héa.

Phéan tich cic thanh phan d6 chinh xac bién
(Pg) va d6 phu bién (Rg) da chi ra cac dang 16i hé
thong trén bo dir liéu D,. D6i véi vét nirt manh, Pg
dat mirc cao nhung Ry chi dat 0,419, chirng té
ranh gi¢i dw bao bi dit quing. Do6i véi vét nirt
rong, ca Pz va Rg déu sut giam, phan anh sy két
hop gitra sai léch vi tri va thi€u bao phu. Ngworc lai,
hai chi s6 nay trén b6 dit liéu D, duy tri trang thai
can bang & ca hai nhdm hinh thai.

4.3. Nguyén tdc lwa chon ngwdng dung sai

Thuc nghiém quét dung sai da xac nhdn 6 =
2 pixels la Iya chon t8i wu theo co s& hinh hoc
(Muc 2.3). Viéc vi pham can duéi (6 = 1 pixel)
khién BF1 nhém nét rong trén D; gidm manh
xudng 0,177 do sai s6 gan nhan thu céng ciing bi
tinh 1a sai. Trong khi d6, vi pham céan trén (6 > 4
pixels) lam suy gidam manh kha nang phan biétdi
liéu khi khodng cach BF1 & nhém nitt manh thu
hep con 0,155 (6 = 4) va 0,101 (6 = 5). Ngwdng
0 = 2 pixels dat sw cAn bang gitra hai gi6i han, tao
ra chénh léch BF1 cyc dai (0,602) giita hai tap dir
liéu & nhom nirt rong. Nguyén tic téng quat dwoc
thiét 14p: nguwdng 6 bi chidn trén béi bé rong vét
nit va chdn dwdi bdi do bat dinh cua thao tac gan
nhan, doi hoi phai hiéu chinh linh hoat theo dé
phéan giai khong gian mat dat (GSD).
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Gian bién (dilation)

Co bién (erosion)
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Dich mask (shift)

0.998

0.550

Gian bién (pixel)
=&~ loU

Co bién (pixel)
=i~ BF1 (8=2px)

3 4 = 0 1 2 3 4 5
Dich mask (pixel)

Hinh 5. So sdnh dé nhay ctia loU va BF1 duwéi cdc sai léch bién cé kiém sodt trén tdp D1. Ba dang sai léch
gom gidn bién, co bién va dich mdt na dwoc tao tir nhdn chudn. Viing nén thé hién dung sai 6 = 2 pixel; cdc
gid tri dwoc ddnh ddu tai mikc 0 va tai diém cudi ctia méi duwong.

Bdng 5. Gid tri loU va BF1 dwdi cdc phép sai léch hinh hoc c6 kiém sodt.

Dangﬁg?;;ech Chi s6 Tglg?;cl l(ee(;h Taslg?;cl l(ee(;h Xu hwéng suy giam téng thé
Giin bién loU 0,641 0,501 Gidm cham, tuyén tinh.
(Dilation) BF1 0,529 0,000 Giam nhanh, cham day tai 5 pixel.
Co bién IoU 0,435 0,207 Giam nhanh hon so v&i dang gidn bién.
(Erosion) BF1 0,496 0,000 Gidm nhanh vé ranh giéi 0 tir mic 3 pixel.
] . IoU 0,658 0,550 Suy gidm ngay tlr cAc mic dich nho nhat.
Dich mat na - " PR X - “
(Shift) BF1 0,998 0,728 Gan nhw khéng doi tai rréléc < 2 pixel, gidm dan sau

5. Két luan

Nghién ctru da chi ra tinh bé sung hinh hoc
gitra IoU (danh gia mirc trung 14p ving) va BF1
(danh gia do chinh xac ranh gi¢i trong ngudng
dung sai 8) cho bai toan phan doan vét nit dang
tuyén manh. Thuwc nghiém chi ra rang IoU duy tri
sw On dinh gitra cAc ngu6n dir liéu trén cing nhom
do rong: 0,706 & nhom nit rong; 0,542-0,546 &
nhém nirt manh. Trong khi BF1 cho mirc do nhay
cao hon véi d6 bam bién va tinh nhit quan cda
nhan gan, thé hién qua sy phéin hoa ro rét gitva bd
dirliéu da nguén D4 (0,273 va 0,531) vabo dix liéu
UAV D, (0,875 va 0,842). Thi nghiém sai léch c6
ki€m soat tiép tuc cung cip bang chirg truc tiép:
khi dich chuyén mat na tir 2 dén 5 pixels, BF1 giam
manh tir 0,998 xudng 0,728 va tién vé 0 khi bi
gian/co bién nghiém trong, trong khi IoU suy giam
tuyén tinh chdm. Piéu nay chirng té BF1 boc 16 o
c4c16i hinh hoc nhuw dirt doan hay 1éch bién ma chi
s6 ving IoU bé qua.

Tl nhitng phat hién nay, nghién ctru dé xuat
viéc xdy dwng mot quy trinh danh gid chuin hoa
cho phén doan doi twong dang tuyén manh gbm
bén phan: (i) bdo cdo song song chi s6 viing (IoU)
va chi s6 bién (BF1); (ii) cong b6 rd ngwdng dung
sai ® kém co s& hinh hoc xac 1ap; (iii) phin ting
két qua theo do rong déi twong va bao cio cac
thanh phan bién (Pg, Rg) d€ chin doan dang 16i;
(iv) ki€ém tra do nhay cta chi s6 bang thi nghiém
sai léch c6 kiém soét trwdc khi dién gidi. Trong
pham vi bing chirng hién c6, day 1a khuyén nghi
thyc hanh nham tranh dién giai sai khi chi dung
chi s6 ving, va can dugc kiém chirng thém trén
nhiéu bd dir liéu va kién tric khac.

Han ché hién tai ctia nghién cru ndm & pham
vi dit liéu, ngwdng dung sai c6 dinh va viéc thiéu
thong s6 GSD. Chinh diéu nay khién kich thwéc
biéu dién theo pixel chwa thé d6i sang milimét dé
d6i chiéu véi tiéu chuin bao tri FHWA (Miller &
Bellinger, 2014). Nhitng han ché trén cling mé ra
hwéng nghién ciru tiép theo. Viéc khao sat thém
cac kién tric khac, trong d6 c6 Transformer, sé
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cho biét két luan vé tinh twong ho c6 gitr nguyén
hay khéng. Véi dir liéu ¢6 hiéu chudn GSD, nguwdng
dung sai c6 thé quy do6i sang don vi chiéu dai va
d6i chiéu véi tiéu chudn phan cip huw héong. Cac
ham mAit mat nhin thirc bién va bao ton ciu tric
1a hwdng c6 thé xem xét dé cai thién ca do chinh
xac vung 1an bién.
Poéng gop cua cac tac gia

Vit Ngoc Phwong - chiu trach nhiém chinh
trong viéc xy dung y twdng nghién ciru, thiét ké
thi nghiém, phén tich két qua va soan thao ban
thao; Pham Trung Diing - tham gia xay dung
phuong phap, phan tich két qua, gép y vé ndi dung
khoa hoc, chinh sttra ban thao va hoan thién bai
bao. Tat ca cac tac gia da doc va déng y véi phién
ban cudi ciing ctia bai bao.

Tuyén bé sir dung cong cu ho tro Al

Cac tac gia da st dung cac cong cu Al nhw
Microsoft Copilot, Gemini va Claude dé hd tro
chinh stra ngdn ngit va cai thién dién dat. Moi ndi
dung khoa hoc va két luan trong bai déu do cac tac
gia chiu trach nhiém.
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