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APMFUSION: MO HINH TONG HQP HINH ANH HONG NGOAI VA
KHA KIEN DUA TREN AGF VA PFCFUSE

Lé Thi Hong Ha!, Trinh Vin Hau?, Nguy&n Vin Cwong?, Lé Pirc Thel,
Lé Pinh Nghi¢p®, Nguyén Thé Cuong!

TOM TAT

Téng hop hinh dnh hang ngoai va kha kién déng vai trd quan trong trong viéc nang
cao kha ndng quan sat muc tiéu va nhan thic boi canh trong céc diéu kién quan sat bat loi.
Tuy nhién, nhiéu phwong phap hién nay van chira dat dwoc sir can bang hiéu qua giira bao
toan cuwong dé sang, do neong phan va kha néang duy tri théng tin cdu tric. Bé khac phuc
han ché nay, ching tdi dé xuat APMFusion, mét mé hinh téng hop két hop bé loc AGF, mo
hinh hoc sdu PFCFuse va toan tir MRE. Két qua thiec nghiém trén 80 cap anh tir bé di liéu
cdng khai MSRS cho thdy APMFusion dat hiéu ndng tot nhat hodc tiém cdn tot nhat trén
séu chi so danh gia quan trong gom Qurs Qcrs Qs Quiry Qssrn VA Q4B/F | khi so sénh véi
ndm phirong phép tién tién dwoc cong b trong giai doan 2024-2025. Code nguon, cac két
qud thuc nghiém duroc cong b tai https://github.com/house3173/AGF_IVIF.git.

T khoa: AGF, PFCFuse, MRE, tong hop dnh hong ngogi va kha kién.
DOI: https://doi.org/10.70117/hdujs.84.2.2026.1149

1. PAT VAN BE

Téng hop anh hong ngoai (Infrared Image - IR) va anh kha kién (Visible Image - VIS)
la mot bai todn quan trong trong linh vuc xtr ly anh, ddc biét trong cac tmg dung nhu gidm
sat an ninh, phat hién myc tiéu trong diéu kién thiéu. Anh VI cung cip thong tin phong pha
vé mau sic va két cu, trong khi anh IR phan anh ddc trung nhiét cua ddi tuong. Viéc tong
hop hai mé thirc anh nay nham khai thac cac uu diém bo sung cua timg loai, tir d6 tao ra anh
hop nhét giau thong tin hon vé ca cau trac khong gian va dic trung nhiét.

Céac phuong phap téng hop anh IR va VIS truyén thong thudng dugc bao gdm ba
bude: bién ddi anh, tong hop cac thanh phan va bién doi nguoc [1]. Trong giai doan bién d6i
anh, cac ky thuat dua trén bo loc [2][3] dwoc ap dung rong rdi nham tich anh ngudn thanh
cac thanh phan co so va chi tiét. O giai doan tong hop, cac thanh phan co so thudng duoc
két hop bang cac quy tic don gian nhu trung binh cong [4][5], trong khi cac thanh phan chi
tiét thuong dugc xir 1y thong qua cac chién luge dua trén ning lugng [3]. Cudi cing, giai
doan bién dbi ngugc dugc thyc hién twong ung véi k¥ thuat bién d6i da st dung ¢ budc dau.
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Mic du ¢6 vu diém vé hiéu qua tinh toan, cic phuong phap truyén thong van ton tai
mot s6 han ché. Cuy thé, khi tong hop cac thanh phan co sd, viéc ap dung quy tic trung binh
[3][4], thuong din dén hién tuong suy giam cudng d6 sang va do twong phan cua anh tong
hop. P6i vé6i cac thanh phan chi tiét, cac phuong phap duwa trén ning luong van chua bao
toan hiéu qua thong tin dudng bién va ciu trac. Vi vy, viéc nghién ctru cac phuong phap
tong hop anh IR-VIS hiéu qua nhim nang cao chat luong thi gidc va kha ning bao toan thong
tin cu tric 1a rt cAn thiét. Gan ddy, nhod kha ning hoc va trich xuit dic trung manh mé, cac
moé hinh hoc sau di duoc két hop véi cac ki thuat tong hop truyén thdng dé tao thanh phuong
phap lai, tin dung uu diém cua ca hai huéng tiép can. Bing cach st dung bo loc trong qua
trinh phan rd anh va mo hinh hoc siu dé trich xudt, tong hop dic trung, cac phuong phap
nay cho phép xay dung chién lugc gilp cai thién dang ké chét lugng anh.

Trong bai bao nay, ching t6i dé xuat APMFusion, mdt mé hinh téng hgp anh kha kién
- hong ngoai (IR-VIS) két hop Alternating Guided Filtering (AGF) [6], mo hinh hoc sdu
PoolFormer va CNN Fusion (PFCFuse) [7], va toan tr nang lugng vung cuc dai (Maximum
Region Energy - MRE) véi nhan nhi phan Mo hinh duoc thiét ké nham ting cuong cudng do
sang, do tuong phan ctia anh tong hop, ddng thoi bao toan hidu qua thong tin du’O’I’lg bién va
cac dic trung cdu triuc quan trong. Dong gdp chinh cia nghién ciru bao gdm: Dé xuit phuong
phép tong hop anh IR - VIS moi, APMFuswn giup cai thién cuong d6 sang, do twong phan
va bao toan duong bién va cac dac trung cu triic quan trong so v&i cac phuO'ng phép hlen co.

Céu trac clia bai bao dugc t6 chirc nhu sau: Phan 2 trinh bay cc kién thirc nén tang
lién quan dén AGF, PFCFuse va MRE; Phan 3 mé ta phwong phap tong hop anh dwoc dé
xudt va phan tich két qua thuc nghiém; Phan 4 dua ra két luan va dinh hudng nghién ctru.

2. KIEN THUC NEN TANG
2.1. By loc AGF (Alternating Guided Filtering)

AGF [6] 1a mdt k¥ thuat lam tron bao toan bién, dugc xay dung dua trén viéc ap dung
bo loc két hop (joint filter). AGF bao gém ba budc, dugec mo ta nhu sau:

Budc 1: &p dung JBF (joint bilateral filter) 1én anh dau vao I, diém anh (i, j), N la hé
s6 chuan hda, £(-) va g(-) 12 nhan loc khong gian va nhan loc theo mién gi4 tri; Q biéu thi
mién hd trg khdng gian caa nhan loc. Két qua loc tai vong lap thi k + 1, ky hiéu F¥*1, duoc
tinh bang cach sir dung két qua cta vong lap trude F¥ lam anh huéng din, theo (2.1).

1 o
R =) I £ =) g1 FE—Ff D).
r jEQ r r Y
Budc 2: JBF tiep tuc dugc &p dung Ién két qua cua budc thir nhat, trong d6 anh nguon
I duoc st dung 1am anh hudéng dan. Qua trinh ndy dugc mé ta nhu cong thirc (2.2).

1
Rt =D B fG=D) g0 L= 5.
jEQ
Budce 3: bo loc trung vi dugc ap dung Ién két qua cua budc thir hai nham loai bo cac
nhiéu du, dic biét tai cic ving 1an can cua duong bién 16n.
AGF phan rd anh dau vao thanh thanh phan co so thong qua loc truc tiép, trong khi
thanh phan chi tiét duoc xac dinh bang hiéu gitta anh ddu vao va thanh phan co so.

(2.1)

2.2)
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2.2. M6 hinh PFCFuse (Poolformer and CNN Fusion)

PECFuse [7] dugc phat trién dua trén ¥ tudng cua md hinh CDDFuse, sit dung kién
tric két hop PoolFormer-CNN cung chién lugc huén luyén hai giai doan. O giai doan thi
nhét, cac cip anh IR va VIS duoc dua vao encoder dé trich xuit dic trung chung ban dau.
Sau d6, cac dic trung tan sd thip va tin sé cao lan lugt duge trich xuét thong qua Base
PoolFormer Encoder (BPE) va Detail CNN Encoder (DCE), roi dugc két hop va dwa vao
decoder dé tai tao anh géc. O giai doan thr hai, encoder da duogc huén luyén dugc su dung
dé trich xuét dic trung co s va dic trung chi tiét, tir d6 tao ra anh tong hop cudi cing thong
qua decoder. Trong cé hai giai doan, m6 hinh sir dung encoder song nhanh, cung véi 16p
téng hop dic trung co s& (Basic Feature Layer - BFL) va 16p tong hop dic trung chi tiét
(Detail Fusion Layer - DFL).

Encoder ctia PECFuse bao gdm shared encoder (SE) va independent encoder (IE). SE
duoc xdy dung tir cac khéi Restormer, trong khi IE gom BPE va DCE st dung cac khéi
mang no-ron kha nghich (invertible neural network - INN).

V6i cap anh IR va VIS, cac ddc trung nong duoc trich xudt theo cong thirc (2.3).

{¢ir dvis} = (SE(IR), SE(VIS)}. (2.3)

BPE trich xuat cac dac trung nén tang, trong khi DCE thu nhan cac dac trung chi tiét.
BPE bao gém cac phép Layer Normalization, pooling, PoolMLP va DropPath, duoc mé ta
nhu cac cong thirc (2.4) va (2.5).

¢S = LN(Pooling(LN(¢3))), (2.4)
$Z = DropPath(PoolMLP(¢3)). (2.5)
trong d6, PoolMLP(+) 1a perceptron da tang str dung cac 16p tich chap 1 x 1.

Pé trich xuat hiéu qua cac dic trung chi tiét, PFCFuse tich hop INN vao DCE. Qua
trinh nay dugc mo ta nhu cac cong thic (2.6) va (2.7).
¢t = INN(¢:5), (2.6)
, ¢h = " , ‘ (2.7)
O giai doan thtr hai, cac déc trung co s& va chi tiét cua anh hong ngoai va anh kha kién
duoc tong hop nhu cac cong thirc (2.8) va (2.9), trong d6, @ 1a phép cong dic trung.
¢f = BFL(¢i @ dris), (2.8)
¢f = DFL(pf © dyis)- (2.9)
Pau ra cua decoder 1a anh gbc ¢ giai doan thir nhat va anh tong hop ¢ giai doan thir
hai nhu cong thic (2.10) va (2.11), trong d6, CAT(+) biéu thi phép ndi theo chiéu kénh va
D(+) la decoder.
I' = D(CAT(¢7, 7)), V' = D(CAT(¢7, 7)), (2.10)
F = D(CAT(¢7,¢7)). (2.11)
2.3. Nang lwgng vung cue dai (Maximum Region Energy - MRE)
Ning luong ving cuc dai 1a mot chién luge dugc sir dung phd bién trong bai toan téng
hop anh nham két hop cac thanh phan chi tiét tir nhiéu anh ngudn. Ning lugng ving
(Regional Energy - RE) tai diém anh (i, j) duoc xac dinh nhu cong thirc (2.12).
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& (2.12)
RE(i,j) = Z Z w(m+x,n+x)-(>{+m,j+n))?
m=-xn=-x
trong d6, w 1a nhan trong sé 4p dung cho vung 1an can cuc bo co kich thudc (2x +
1) X (2x + 1), ly tam tai diém anh (i, /) va I(i + m,j +n) 1 gia tri cuong do tai vi tri
tuong Ung trong ctra sO ndy.
Dua trén gia tri nang lugng vung, chién luoc MRE thuce hién téng hop cac thanh phﬁn
anh béng cach lya chon gia tri diém éanh tai vi tri tuong ung tur thanh phﬁn ¢6 nang luong
vung 16n hon. Nguyén 1y tong hop nay cé thé dugc mé ta nhu sau:

L)) = {IA(i, j), néuRE,(i,j) = REz(i,)), (2.13)

Ig(i,)), néuREL(, J) < REg(i, )),
trong d6 I, va I 1a hai thanh phan anh can tong horp con RE,(i,j) va REg(i, ) lan
luot 14 ning lwong ving tai diém anh (i, j) cta hai thanh phéan tuong tmg.

3. KET QUA NGHIEN CUU VA THAO LUAN
3.1. M hinh dé xut

APMFusion °,

:, Bwéc 1 :
| IR |=—{ AGF ‘ :

3 Dir 4 :

: ; | Bworc 2 Bwoc4

[ PFCFusc - Fg f———(— F ]
’VIS E ; Bwérc 3 E

(wRe }—{Fy]

Hinh 1. Mb hinh téng hep hinh anh APMFusion

Mo hinh téng hop anh dugc dé Xuét, APMPFusion, dugc minh hoa trong Hinh 1 va
duoc md ta chi tiét nhu sau:

Budc 1 (Phan ré anh bang AGF): Hai anh dau vao hong ngoai IR va kha kién VIS
dugc phan i thanh cac thanh phan co s& By, By va cac thanh phan chi tiét D;,., D,;s bang
bd loc AGF theo cac cong thue (3.1) va (3.2).

[Bir, Dir] = AGF(IR). 3.1)
R [BULS’ DUlS] - AG‘F(VIS) . (32)

Budc 2 (Tong hop thanh phan co s& bang PECFuse): Cac thanh phan co s¢ By, VA B
duoc tong hop bang mo hinh hoc sdu PFCFuse, theo cong thuc (3.3).

Fg = PFCFuse(B;;, Byis)- (3.3)

Budc 3 (Tong hgp thanh phan chi tiét bang MRE vi nhan nhi thirc): Céac thanh phan
chi tiét D, va D,,;; duoc tong hop bang chién lwgc MRE két hop véi nhan nhi thirc, theo
cong thuc (3.4).

Fp = MRE(D;;, Dy;5), (3.4)
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_ Buoc4 (Téi tao anh tong hop): anh tong hop F duoc tai tao bang cach cong cac thanh
phan da tong hop ¢ budc 2 va bude 3 theo cong thuc (3.5).
F=Fy+F, (3.5)
3.2. Thuc nghiém
3.2.1. Dit liéu thuc nghiém

Dé danh gia hiéu qua ctua phuong phap dé xuat, ching t6i tién hanh thuc nghiém trén
b6 dit liéu anh hong ngoai - kha kién MSRS (Multi-Spectral Road Scenarios) [8]. Bo dit lidu
nay bao gdm cac cip anh VIS va IR dugc thu nhan trong céc kich ban giao thong dudi diéu
kién anh sang yéu hodc ban dém va di duoc dong ding ky ¢ mirc diém anh. 80 cip anh IR -
VIS tir bo dir liéu MSRS, ky hiéu la tap dix li¢u D;, dugc sur dung dé thuc nghiém.

3.2.2. Cac giai thudt so sanh

Dé danh gia hiéu qua ciia phuong phap dé xuét, nim thuét toan tong hop anh da duoc
chon dé so sanh, bao gébm: BTSFusion (Balancing Texture and Salience, 2024) [9],
CrossFuse (2024) [10], PFCFuse (2024) [7], MaeFuse (Masked Autoencoder Fuse, 2025)
[11] va MPCFusion (2024) [12]. Céac thuat toan nay lan lugt dwoc ky hiéu tir T, dén Ts.
Phuong phap d& xut duoc ky hiéu 1a T,

3.2.3. Chi s6 dénh gid

Sau chi s6 dugc str dung dé danh gia hiéu qua cua cac giai thuat bao gdm: chi s cuong
do sang Q,,;;, chi s6 do twong phan Q;, chi s6 Entropy Qg, chi so thong tin twong hd Q,,;
[13], chi s6 bao toan ciu tric Qg [14], chi s6 bao toan canh Q4B/F [15].

3.2.4. Moi truong thuc nghiém

TAt ca cac thuc nghiém dugc thuc hién trén hé diéu hanh Windows 11, véi moi truong
phan mém duogc quan Iy bang Anaconda (v24.5.0) nham dam béo tinh nhat quan cta céc thu
vién phu thudc. Python (v3.10.14) duogc st dung lam ngon ngit 1ap trinh chinh, két hop voéi
PyTorch (v2.3.1) va NumPy (v1.24.3) cho qua trinh phat trién mé hinh va tinh toan s6. Vé
phan cimg, hé thong str dung bo xir 1y Intel Core i5-1335U (1.3 GHz). Cac thi nghiém lién
quan dén mé hinh hoc sau duoc thyc hién bd sung trén Google Colab véi hd trg GPU, qua
do6 dam bao tinh tai 1ap va hi¢u qua tinh toan cua toan bg qua trinh thyc nghiém.

3.2.5. Mo ta thuc nghiém

Thuc nghiém 1: nham danh gia hiéu qua cia md hinh hoc sdu PFCFuse trong tong
hop thanh phan co s ciia APMFusion (Ag). Cu thé, PFCFuse 1an luot duoc thay thé bang
ba chién lugc tong hop, bao gdm: quy tic trung binh [4], phuong phap dua trén ning luong
ving [3] va phuong phap dua trén ban d6 d6 ndi thi giac [16]. Céc bién thé twong tmg ciia
APMFusion dugc ky hiéu tir L, dén L. Hiéu ning duoc danh gia trén bo dir liéu D, thong
qua ba chi s6: Qpy1;, Qcr VA Q.

Thuc nghiém 2: nham danh gia hiéu ning cua thuat toan MRE trong tong hop céc
thanh phﬁn chi tiét cia APMFusion. Ba chién lugc téng hop thay thé, bao gém: quy tic lya
chon gia tri 16n nhat, mé hinh PAPCNN (Parameterized Adaptive Pulse Coupled Neural
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Network) [17], phuong phap dua trén ning luong cuc bd co trong sd [18]. Cac bién thé
APMPFusion tuong ung dugc ky hiéu tir H, dén H;. Banh gia dinh luong dugc thuc hién
thong qua ba chi s6: Qpy;, Q4B/FVa Qgspy.

Thuc nghiém 3: So sanh APMFusion véi nam thuat toan tong hop anh gan day (T;-
Ts), dugc trinh bay trong Muc 3.2.2. Thuc nghiém dugc thyc hién trén tap dit li¢u D, . Nhiam
dam bao danh gia co do tin cdy cao, sau chi s6 danh gia dugc st dung, bao gdm: Q1. Qcrs
Qg Qur» Q*B/F Va Qg

3.3. Panh gia két qua thuc nghiém

3.3.1. Panh gia truc quan

Hinh 2. So sanh truc quan va céc lat cat ciaa anh téng hop thu dwoc tir siu mo hinh.

D& dang nhan thay trong Hinh 2, anh hong ngoai IR cho phép quan sat 16 mot ngudi
di bd trong viung khoanh do va hai ngudi di b trong ving khoanh xanh, trong khi trén anh
kha kién VIS chi c6 thé nhan dién hai ngudi di bd trong ving khoanh xanh. Didu nay cho
thiy anh hong ngoai thé hién 16 cac ddi tuong muc tiéu nhung thiéu thong tin vé bdi canh
xung quanh, trong khi anh kha kién bao toan tt cac két cau nén phong pha nhung lam suy
giam do ndi bat ctia muc tiéu. Cac anh tong hop di khac phuc phan 16n han ché ciia timg mo
thirc riéng 1¢. Tuy nhién, két qua ciia cac phwong phap T, va Ts van boc 16 nhitng han ché
dang ké, khi nguoi di bd trong ving khoanh do khé duoc nhan dién 1d rang so voi cac
phuong phap con lai. Trong khi d6, cac phuong phéap Ty, T va T, cho anh tong hop c6 cudng
d6 sang va d6 twong phan thap hon so v&i phuong phap dé xuét T,

3.3.2. Panh gia khach quan

Bang 1 va Bang 2 1an luot trinh bay két qua danh gia khach quan ddi véi cac giai
thuat téng hop thanh phan co so va thanh phan chi tiét. D6i voi giai thuat téng hop thanh
phan co s¢ (Bang 1), T, dat gia tri cao nhat trén ca ba chi s6 Q,y,; =0,2915 , Q; =0,1904
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va Q; =6,8371. So v6i phuong phap d6i sanh t6t nhat trong nhom con lai (L), Ty cai thién
lan luot 47,8%, 23,6% va 9,2%; so v6i phuong phap c6 hi¢u nang thap nhat (L,), mic cai
thién dat t6i 81,4%, 87,0% va 12,7%. Nhiing két qua nay cho thay viéc str dung PFCFuse
gitip bao toan hiéu qua cudng do sang, ting cuong do twong phan cua anh tong hop.

Bang 1. So sanh cic phwong phap tong  Bang 2. So sanh cac phwong phép tong

hop thanh phin co sé trén D;. hop thanh phan chi tiét trén D,.
STT|Giai thuﬁt QMLI QCI QE STT|Giai thuélt QMI QSSIM QAB/F

1 L; ]0,1748|0,1018|6,0678 1 H, |4,1382|0,4746 |0,6027
2 L, 1]0,1607|0,1503|6,1487 2 H, ]4,18060,4933 |0,6579
3 L, ]0,1972|0,1541/6,2630 3 H; |4,0336|0,4635 |0,5996
4 T¢ |0,2915/0,1904(6,8371 4 Te 14,3298|0,4807 |0,6769

Dbi véi giai thuat tong hop thanh phan chi tiét (Thuc nghiém 2), két qua trong Bang
2 cho thay T, dat gi tri cao nhét ddi v6i Q,;; =4,3298 va Q4B/F =6,6769. So véi phuong
phap c6 két qua t6t nhat, Q,,; duoc cai thién khoang 3,6%, trong khi Q4B/F ting khoang
2,9%. Chi s0 Qggm dat 0,4807, cao hon H; va Hs, dong thoi xap xi voi H, (0,4933), cho
thiy phuong phap MRE duy tri tot tinh nhét quan ciu truc tong thé cua anh tong hop.

Bang 3. So sanh APMFusion véi cac phwong phap tong hep anh trén D,.

STT |Gidi thudt| Qpy, Qi Qc Qui | Qssim | Q*B/F | Thoi gian (gidy)
1 T, 0,2429 | 0,1449 | 6,3889 | 2.3610 | 0,3900 | 0,4968 0,1184
2 T, 0,2683 | 0,1592 | 6,6194 | 3,3290 | 0,4556 | 0,5969 0,7298
3 T5 0,2748 | 0,1873 | 6,7884 | 5,4795 | 0,5034 | 0,7181 0,7444
4 T, 0,2065 | 0,1637 | 6,6656 | 2,2489 | 0,4325 | 0,5112 0,8054
5 Ts 0,2532 | 0,1708 | 6,3099 | 3,8052 | 0,4088 | 0,5784 0,1700
6 Te 0,2915 | 0,1904 | 6,8371 | 4,3298 | 0,4807 | 0,6769 0,8580

Bang 3 trinh bay két qua so sanh giita phuong phap APMFusion (T) va nim phuong
phéap ddi sanh T;-Ts. Két qua cho théy T dat gia tri tdt nhat hodc tiém can tdt nhét trén sau
chi s6. Cu thé, APMFusion (Tg) cao nhat ddi véi cac chi sb Qi Qcr vVa Qp, lan luot cao
hon phuong phap ddi sanh tét nhat T; khoang 6,1%, 1,7% va 0,7%. Mic du phuong phap
T, dat gia tri cao nhat d6i v6i Quy;, Q4B/F VA Qggypy, phuong phap T van thé hién hidu ning
6n dinh va can bﬁng hon trén toan bo sau chi s6 danh gia, dac bict ndi troi vé bao toan do
sang va do twong phan. Nhin chung, cac két qua trén cho thiy T khong chi cai thién timg
thanh phan riéng 1¢ ma con dat hiéu ning tong thé cin bang va on dinh, vuot trdi so voi cac
phuong phap so sanh trén nhiéu nhém chi s6 danh gia.

Tuy nhién, Bang 3 ciing cho thdy han ché cia APMFusion (Ts) d6 1a thoi gian thyc
thi cao so v6i cac phuwong phap dbi sanh. Cu thé, thoi gian tong hop trung binh cho mét cap
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anh cua T, 1a 0,8580 gidy, xép thir 6/6 trong cac thuat toan dugc so sanh, cao hon khoang
6,5% so voi thuat toan xép thir 5/6 (T,: 0,8054 gidy). Nguyén nhin chu yéu dan dén thoi
gian thuc thi cao 13 do mé hinh dé xuét tich hop nhiéu mé-dun xir Iy, bao gdbm AGF, PFCFuse
va MRE. Thoi gian thuc thi 1a mot han ché ciia mé hinh dé xudt, gay kho khin cho viéc trién
khai trong cac tng dung thuc té, dic biét 1a cac hé thdng yéu cau xu 1y thoi gian thyec.

3.3.3. Kiém dinh Friedman

Bang 4. Két qua p-value ciia kiém dinh

Dé danh gia do tin cay thong ké cia cac ;
Friedman

két qua thyc nghiém, nghién ctru s dung kiém

dir}h Friedman. Kiérp dinh Friedman la mot Chi sé da ., Gia tri Friedman
kiém dinh phi tham so phu hgp cho viéc so sanh 150 danh gia p-value
nhiéu phuong phap tren cung mot tap dir ligu _
ghép cap va khong yéu cau gia dinh dit liéu tuan Quui 1,3841x10%
theo phan phdi chuan. Két qua trong Bang 4 cho Ocr 1.7262x10°%
thiy tat ca cac gia tri p-value déu rat nho va thap

hon déng ké so véi mirc y nghia 0,05, chimg o Q¢ 1,7961x107°?
t6n tai sy khac biét c6 y nghia thong ké gitra cac =35
phuong phap tong hop anh trén tat ca cac chi sb Qmi 5,1578x10
danh gia. Do do, gia thuyét khong (cac Phlmng Qssim 1.8434x10°%°
phép c6 hi¢u nang twong duong) cé the bi bac

bo voi d9 tin cay cao. QAB/F 1,9372x10°

4. KET LUAN

Trong bai bao nay, chiing t6i da dé xuat APMFusion, mot mé hinh téng hop anh hong
ngoai IR va kha kién VIS dua trén su két hop gitra bo loc AGF, md hinh hoc sau PFCFuse
va toan tt MRE véi nhan nhi thite. Cac két qua thyc nghiém trén 80 cdp anh cua bg dir li¢u
MSRS cho théy APMFusion dat hiéu nang t6t nhat trén ba chi s danh gid Qupry Qcry Va Qp,
va tiém can tot nhat trén ba chi s6 danh gid Quy, Qssim Va Q“B/F khi so sanh véi cac phuong
phap tong hop anh tién tién dugc cong bd trong giai doan 2024 - 2025. Piéu nay khing dinh
hiéu qua va tinh 6n dinh cia mo hinh dé xuét trong bai toan tong hop anh IR va VIS. Mic
du dat duoc nhiing két qua kha quan, APMFusion van ton tai han ché vé chi phi tinh toan.
Cu thé, chi phi tinh toan ctia mo hinh PFCFuse co6 thé dnh huéng dén kha ning trién khai
trong cac hé théng yéu cau xir Iy thoi gian thuc hodc ¢6 tai nguyén tinh toan han ché. Trong
céc nghién ctru tiép theo, ching t6i sé& tap trung t6i wu hda do phirc tap tinh toan cia mé hinh
va mé rong danh gia trén nhiéu bo dir liéu anh da phd khac nham néng cao kha ning tng
dung thuc tién. Cu thé, chung t6i du kién cai tién mo hinh PFCFuse nham nang cao chét
luong anh tong hop ddng thoi giam thoi gian thyc thi cta thuat toan.
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APMFUSION: AN INFRARED AND VISIBLE IMAGE FUSION
MODEL BASED ON AGF AND PFCFUSE

Le Thi Hong Ha, Trinh Van Hau, Nguyen Van Cuong, Le Duc Tho,
Le Dinh Nghiep, Nguyen The Cuong

ABSTRACT

Infrared and visible image fusion plays an important role in enhancing target
observation and scene understanding under adverse viewing conditions. However, many
existing methods still fail to achieve an effective balance between preserving brightness,
contrast and maintaining structural information. To address these limitations, we propose
APMFusion, a fusion framework that integrates the AGF filter, the PFCFuse deep learning
model, and the MRE operator. Experimental results conducted on 80 image pairs from the
publicly available MSRS benchmark dataset demonstrate that APMFusion achieves the best
or near-best performance across six widely used evaluation metrics, Qu.;, Qcry Qg Qur,
Qssin» and Q4B/F 'when compared with five state-of-the-art fusion models published in 2024
and 2025. Source code and experimental results are publicly available at:
https://github.com/house3173/AGF_IVIF.git.

Keywords: AGF, PFCFuse, MRE, infrared and visible image fusion.
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