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TOM TAT

Nhitng nam gan day, xu huéng nghién ciru phdat trién va img dung cdc khi tai quang dién tir
da kénh c6 chirc nang tron anh dang phé bién trén thé giéi va bdt dau dwoc quan tam nghién
citu ¢ nuoc ta. Cung voi sy phat trien manh mé cua cong nghé nguy trang anh nhiét va nguy
trang da phé, dé ndng cao hiéu qua quan sat, cdc khi tai quang dién tir da kénh thuong dwege bo
sung chitc nang trén dnh lam cho hinh anh thu dwoc ciia muc tiéu chira nhiéu théng tin hon. Bé
trén anh, mét sé ky thudt xu ly tin hiéu video sé dwoc thuc hién nhw tach bién, tron mau nham
tao ra mét s6 hiéu g gitip cho ngudi quan sdt cé thé quan sat muc tiéu dé dang, thudn loi hon.
Bai bdo nay trinh bay thiét ké khéi xit Iy tach bién va tron mau video anh nhiét bang Vivado HLS
trén b kit Pyng-Z1, lam co s& dé thiét ké ché tao cdc bo mach xir Iy video phuc vu nghién ciru
phat trién cdc khi tai tron dnh trong twong lai.

Tir khéa: Anh nhiét ; Tach bién; Tron mau; Tron anh ; Bo kit Pyng-Z1.
1. PAT VAN PE

Céac cudc chién tranh cong nghé cao, hién dai voi cac hoat dong quén su dién ra mot cach lién
tuc, trong moi diéu kién ngay va dém, tur rimg nai dén do thi, tir moi truong tréng trai cho dén
mai truong bi che khuat, che 1ap nhiéu khoi bui,... doi hoi sy phat trién cia cac khi tai quan sat
nham giai quyét va dap ung kha ning quan sat muyc tiéu trong moi diéu kién khong gian va thoi
gian nhu hién nay. Bén canh d6, voi sy phat trién vuot bac cta cac thanh tuu vé vat lidu, cac giai
phap vat ly va cac giai phap két hop,... 1am cho hiéu qua cua cac phuong tién nguy trang anh
nhiét, nguy trang da ph ting 1én déng ké, dit ra nhiing thach thic rat 16n cho cac khi tai quang
dién tir hién nay [1].

a. KDASY. b. Anh nhiét. c. Trén anh.
Hinh 1. Quan sdt muc tiéu ngudi mdc trang phuc da chién K-17 vdo ban dém lan luwot
bang kénh KPASY, kénh anh nhiét va kénh trén anh.

Trong moi diéu kién hoan canh thi khi tai quang dién tir luon 1a con mét cua nguoi chi huy,
hinh anh thu duoc thong qua khi tai quang dién tir 1a mot ngudn tai nguyén v0 cung quan trong
c6 gid tri. Tuy nhién, mot khi tai quang dién tir doc 1ap v6i mot cam bién duy nhét khong thé
cung cép hinh anh day du vé dbi twong, vé muc tiéu va vé méi trudng ma né quan sat trong nhiéu
truong hop. Céc khi tai quang dién tir hién nay st dung dong thoi nhiéu cong nghé cam bién
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khéc nhau dé thu hinh anh da phé cua dbi tuong, nham dat dugc nhitng 1oi thé tuong ty nhu con
ngudi trong viée thu thap thong tin vé dbi twong. Hinh anh hop nhét thu duge mot cach thich hop
tir mot tap hop cc cam bién thanh phan ¢ thé cung cip hinh anh chan thyc vé déi tuong hon so
v6i hinh anh thu duoc tir cac cam bién riéng 1é. Hinh anh hop nhét d6 con goi 1a hinh anh tron
anh (fusion image), quan sat bang kénh trén anh thuong nang cao kha nang phat hién va phan
biét muyc tiéu cho khi tai do. Cac khi tai c6 chirc nang tron anh thuong duoc goi la khi tai tron
anh [3, 4]. C6 2 nguyén 1y tron anh pho bién 1a trén anh quang hoc va tron anh sb, du 1a theo
nguyén 1y nao thi cac khi tai tron anh c6 mot sé dac diém chung nhu sau:

+ Sir dung kénh anh nhiét, dé tron véi mot kénh nao d6 bai anh nhiét rat hiéu qua va uu viét
trong vi€c quan sat, phat hién muc tiéu tur xa,...

+ Hinh 4nh 4nh nhiét thuén tién cho viéc xir Iy dé 1am noi bat muc tiéu: xtr 1y tach bién (edge
detection) hay xtr Iy tron mau (color blending) lam muc tiéu ndi bét trong trudng nhin, ting kha
nang phat hién va nhan dang muc ti€u, nhu hinh 2.

a. Xur ly tach bién. b. Xuk Iy tron mau cam.
Hinh 2. Mot s6 chire nang xik Iy hinh dnh trén thiét bi tron dnh nwdée ngodi.

Nhu Vay, dé nghién ctru phat trién cac khi tai tron anh thi mot trong nhiing ndi dung quan
trong can giai quyét do 1a thiét ké ché tao cac khéi xir 1y hinh anh, trong d6 c6 thé thuc hién mot
s0 chirc nang xur 1y hinh anh tir kénh anh nhiét.

Nghién ctru tmg dung k¥ thuat tach bién hinh anh ap dung cho cac thiét bi camera da phd,
thiét bi da cam bién hay tron anh 1a mot trong nhimg chu dé duoc quan tim nghién ctru trén thé
gii va nhitng nim gan dy & nudc ta [4-7]. Cac nghién ctru xir 1y tach bién trén nén FPGA ciing
dugc dao sau [8, 9, 10-12], tuy nhién nhimg nghién clru ndy chua dat vao bai toan tmg dung cu
thé cho céc thiét bi quan sat tron anh trong quan sy. Dé ndi tiép va hoan thién ndi dung [7], nhom
nghién ctru thyc hién nghién ctru khdi xir 1y tach bién va bdi mau cho video dnh nhiét. Chung toi
da nghién ctru, lya chon sir dung b kit phat trién Pynq-Z1 c6 tich hop chip FPGA va chip ARM,
¢6 sin cac cong giao tiép, két ndi co ban nhu USB/HDMI va sir dung cong cu Vivado HLS tién
hanh thiét ké va lap trinh cho kit Pynq-Z1 xir Iy hinh anh video thu dugc tir camera anh nhiét: xur
ly tach bién (edge detection) nhu hinh 2a va xt 1y tron mau (color blending) nhu hinh 2b.

2. THIET KE KHOI XU LY TACH BIEN VA BOI MAU VIDEO ANH NHIET
TREN BQ KIT PYNQ-Z1 BANG VIVADO HLS

Trong phan nay, nhom tac gia s& gidi thidu so luoc vé cong cu Vivado HLS va bo mach kit
Pyng-Z1, sau d6 trinh bay thi€t ké cac khoi xu 1y video thyc hién cac chire néng tach bién va tron
mau cho video anh nhiét, itng dung d€ tron anh.

2.1. Gi6i thigu vé cong cu Vivado HLS va b kit Pynq-Z1

Vivado Design Suite 14 t6 hop cac phin mém cua hing Xilinx, mot trong cac hang 1on san
xudt chip FPGA trén thé gioi. Vivado 1a phan mém c6 rat nhiéu chirc nang, ho trg tat ca cac khau
cua qua trinh thiét ké logic sir dung FPGA, hinh 3a.
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| a. Giao dién thié? ké’- trén Vivado. b. Bo mach kit Pyng-Z1.
Hinh 3. Giao dién phan mém Vivado va bo mach kit Pynq-Z1(nguén Digilent).

Vivado cung cép mdi truong dé cdu hinh, thuc thi, kiém tra va tich hop cac 181 IP core
(Intellectual Property core) nhu mot mé dun doc 1ap hodc trong ndi dung cua thiét ké cap hé
thong. Ngoai ra, voi chire néng thi€t ké block design cho phép c6 thé thi€t ké kha dé dang, ngay
ca voi nhiing doi tugng khong c6 thé manh vé ngdn ngir 14p trinh phan cting nhu Verilog, VHDL
v.v. Bo mach Pyng-Z1 duoc tich hgp ZYNQ XC7Z020-1CLG400C FPGA chip, 512MB DDR3
memory, ¢6 01 cong HDMI-in va 01 cong HDMI-out va 02 cong tac trugt, phu hop cho cac thi
nghiém xur 1y tin hiéu video, hinh 3b. Viéc c6 thé 1ap trinh cho Pynq-Z1 trén Vivado la ly do
nhom nghién ctru da lya chon str dung bo mach nay.

2.2. Thiét ké so' dd khdi xir Iy tin hiéu video trén b kit Pynq-Z1

pé thue hién xur ly tin hi¢u video trén b kit Pyng-Z1, truge hét can thiét ké, xay dung so dd
khoi caa tpén hé thong nhu hinh 4. Trudce hét, tin hi€u hinh anh thu duoc tir camera anh nhiét
duoc truyén vao bg kit Pynq—Zl thong qua cong HDMI RX trén bo mach. Sau?d(’), tai bo mach,
tin hi¢u video dugc chuyén doi sang dang AXI Stream va tir d6 Pyng-Z1 ¢6 thé€ thyc hi¢n nhiéu
nhiém vu xtr 1y video tiép theo, trong d6 thyc hién 03 nhiém vu xt ly chinh, nhu hinh 4:

+ XU ly tach bién va tao duong bién mau cam (Orange Edge);

+ XU Iy tron mau cam cho ving da nguoi, vung ¢6 nhiét dd cao (Orange Skin);

+ Khéng xir Iy va truyén video stream nhu tin hiéu video vao (Pass Through).

Cac ndi dung xr 1y tach bién va tron mau sé¢ duoc thiét ké thanh cac IP core. Céc IP core nay
co ban s& sir dung cac thu vién, cac ham OpenCV va s€ duoc trinh bay cu thé ¢ phan tiép theo. B¢
lua chon cac chirc nang xur 1y hinh él’nh, nhom nghién clru su dung cong tac trugt trén bo maph de
lya chon. Noi dung lya chon dugc cau hinh trén SDK. Két qua tin hi€u video sau khi xir 1y tiep tuc
duogc chuyén doi sang dang AXI Stream va truyén t61 man hinh hién thi qua cong HDMI TX.

i Video Stream Video Stream to RGB Stream to i
Thermal 1
Camera R Input RGB Stream AXI Stream !
! HDMI RX Conversion Conversion :
i ] i
1 | it 1 :
! ! : PYNQ-Z1 BOARD 1
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! AXI Switch ! - - ) AXI Switch !
1 I Video Processing ! I
I (I et _J ]
1
! Unprocessed Stream ]
: (Pass Through) !
i I
! L Stream sent AXTI Stream to RGB Stream to Video Stream | | Disol
! to Buffer via —® RGB Stream [~ Video Stream [ Output e Mlsp .tay
: VDMA Conversion Conversion HDMI TX : omtor
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Hinh 4. So do khéi xi Iy tin hiéu video trén bé kit Pyng-Z1.
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2.3. Thiét ké khoi xir Iy tach va tao nét bién mau cam

Xir ly tach bién (edge detection) cta hinh anh 1a ky thuat xt 1y dé 1am ndi bat va rd bién dang,
canh cta anh. C6 nhiéu thuat toan tach bién hinh anh, tuy nhién duoc tmg dung phd bién van 1a
Canny, Sobel va cé4c bién thé [4-7]. Thuat toan Canny mac du 1a thuat toan co dién song c6 nhiéu
vu diém so véi cac thuat toan khac, dac biét 14 trong trudng hop gia tri ngudng dugc thiét lap
mot cach chinh xac thi nét bién s& rd nét, han ché cic bién gia va giam nhidu [7-12]. Trong
nghién ctru ndy, nhom tac gia ndi tiép két qua nghién ctru trude dy [7] va lya chon thudt toan
Canny dé (mg dung l1ap trinh phan cimg xir Iy tach bién. Thiét ké khéi xir Iy tao bién mau cam
nhu hinh 5.

Orange_edge
canny_edge_0
So2Xi CONTROL.BUS |4 s_axi_ CONTROL_BUS R
axis_in S e orange_edge_(
ap_clk = Vivado™ HLS
ap_clk X —| .
ap_rst_n axis_out - Fmmetu=| 4 stream_in | vivado™ His
ap_rst.n ' = - stream_out
s_axi_aclk - ap_clk stream_out 4= -
s_axi_aclk ‘
ap_rst_n_s_axi_aclk ap_rst_n
ap_rst_n_s_axi_ack
= = Orange_Edge (Pre-Production
Edge_Detection (Pre-Production) ge_kao )

Hinh 5. Thiét ké block design cho khoi xir 1y tach bién mau cam.

Trong khéi xir Iy ndy c6 2 phan gém canny edge va orange edge:

_ T canny_edge: day la IP core xur 1y tach bién sir dung thuat toan Canny [8,9]. Tin hi€u video
déu vao axi_in s& dugc chuyén sang h¢ mau xam Grayscale va dugc xur 1y tach bién theo thuat
toan Canny, cho ra hinh anh bién mau trang nhu hinh 7a, va tao thanh tin hi¢u axis-out di ra dé
tiép tuc xur ly tao thanh bién mau cam;

+ orange edge: s& nhan tin hiéu axis-out dd xur 1y tach bién (bién mau tring) tir IP core
canny_edge, lam tin hi¢u stream_in. Trong khong gian mau xam Grayscale, hinh anh tach bién
duogc tao ra voi cac pixel s€ co gia tri hodc 1a “0” hodc “255”, trong d6 vung bién mau trang déu
c6 gia tri la “255” va nhimg vung khong phai bién ¢6 mau den c6 gia tri la “0”. Trong khong gian
mau RGB, diém mau den s& c6 gia tri (R=0, G=0, B=0) va diém mau cam s& c6 gia tri (R=255,
G=107, B=0). Vi vay, dé chuyén nét bién mau trang thanh mau cam nhu hinh 7b, thyc hién:

If pixel value is 255 then RGB= mau cam (R=255, G=107, B=0)
else RGB= mau den (R=0, G=0, B=0)

b. Xur 1y tao bién mau cam tir bién mdu trang.
Hinh 6. Két qua xit Iy tach bién mau cam cho hinh anh nhiét.
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Hinh 6 cho thdy khéi xtr 1y tach bién mau cam hoat dong ding chirc ning.
2.4. Thiét ké khéi xir Iy tron mau video anh nhiét
Xur ly tron mau cho video anh nhigt dé lam noi bat doi tugng, khu vuc nio d6 trong hinh anh
anh nhiét. Khoi xt Iy tron mau dugc thiét ké nhu hinh 7.
Orange_Skin

e image_threshold_1

stream_in =4
T — = stream_in Vivado™ HLS
- Non_Threshold 4
ap_clk
ap_rst_n ' Threshold 4
ap_rst_n
ap_clk W

Image_Threshold_Skin (Pre-Production)

color_mask_1

= -+ Non_Threshold
- Threshold s - stream_out
stream_out - o e——

ap_clk '

ap_rst_n

Color_Mask (Pre-Production)

Hinh 7. Thiét ké block design cho khéi xit Iy trén mau cam.

Khéi xtr 1y tron mau c6 2 phan chinh 1a image threshold_skin va color mask:

+ image_threshold_skin: day 1a IP core xur 1y trich Xuét phan hinh anh can tron mau duya trén
gia tri ngudng. Bang nhiéu thuc nghiém, dat gia tri ngudng xam 1a 190 va thuc hién xur ly:

If pixel value > 190 then pixel value = 255
else pixel value =0
_ Véi bude xur ly ndy, nhimg vung anh c¢6 mirc xam 16n hon hodc bang 190 s& duoc phat hién
dé thyc hién tron mau cho viung do, nhu hinh 8a.

+ color mask: s& nhan tin hiéu non_threshold di xir Iy & IP core imge_threshold dé tiép tuc
xur Iy trdn mau, hinh 8b. Qua trinh xr 1y nay twong ty nhu qua trinh xr Iy tao bién mau cam da
néu ¢ trén, thyc hién xi Iy nhu sau:

If pixel value is 255 then RGB= mau cam (R=255, G=107, B=0)
else RGB= mau den (R=0, G=0, B=0)

wew x20.0rg / SPICORP

wweL20.0ry / 5P CeRP

b. Xur Iy tron mau cam cho viung da nguoi trén hinh anh nhiét.
Hinh 8. Két qua xir Iy trén mau cam cho hinh anh nhiét.

Hinh 8 cho thdy khéi xtr 1y tron mau (mau cam) hoat dong ding chirc ning.
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2.5. Thiét ké tong thé khdi xir 1y tin hiéu video

Dua trén két qua thiét ké cac IP core va cac block chire nang da thuc hién & ndi dung trudc,
két hop vdi cac khoi xur 1y chirc nang c6 san trong thu vién cua Vivado HLS, nhom nghién ctru
dua ra thict ké tong the block design cia khoi xr 1y tach bién va tron mau cho tin hi¢u video nhu
hinh 9 sau:

Hinh 9. Két qua thiét ké block design khoi xii Iy tich bién va trén mau
cho video trén phan mém Vivado HLS.

3. THi NGHIEM, THAO LUAN
Trong phan nay, nhém tac gia trinh bay so df) bb tri thi nghiém va dua ra cac két qua xur 1y
tach bién va tron mau da dat duoc bang thiét ké da trinh bay ¢ phan trudc, sau d6 1a cac phan
tich, danh gia va ket luan.
3.1. So' @ b tri thi nghiém
So d6 bo tri thi nghiém dugc mé ta nhur hinh 10, gdm 3 phan chinh:
_+ Camera thu tin hiéu hinh anh: tao tin hiéu video dg?lu vao dé xu 1y, st dung camera c cong
ket ndi HDMI dé truyen dit liéu video thong qua giao tiep HDMI véi bo mach Pyng-Z1.
HDMI out HDMI in

Camera

Man hinh hién thi anh nhiét

Hinh 10. So d6 b6 tri thi nghiém xit Iy tin hiéu video bang bo mach Pyng-Z1.

+ Man hinh hién thi: dé hién thi dit liéu hinh anh video sau xir 1y, sir dung may tinh All in one
¢6 cong két ndi HDMI in va HDMI out.

+ Bo mach Pyng-Z1: két ndi v6i camera anh nhiét théng qua cong HDMI in, va két nbi voi
man hinh hién thi thong qua cong HDMI out.

Trong qua trinh thi nghiém, cac cong dugc két ndi chic chin dam bao tiép xuc va duge cb
dinh, cac mé dun duoc cép nguén dam bao.
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3.2. Két qua, binh luin

Tir so d6 b tri thi nghiém néu & phan trén, tién hanh cap nguodn cho cac thanh phan camera,
bo mach va man hinh. Kiém tra cac thanh phan hoat dong binh thudng. Thao tac chuyén cong tic
ngudn ciia bo mach Pyng-Z1 sang trang thai “on” dé khdi dong bo mach Pyng-Z1 va thao tac cac
vi tri cong tic trugt SW1 va SW2 trén kit Pynq-Z1 dé thay d6i cac ché do xir 1y hinh anh, két qua
nhu sau:

Hinh 11 1& hinh 4nh quan sat nguoi dan 6ng qua camera anh nhié€t, hinh anh nay dugc xu ly
trén bo mach Pyng-Z1 6 3 ché do da dugce thiét 1ap, bao gém: Ché db tach bién mau cam; Ché do
tron mau cam va Ché do khong xir 1y.

Dbénh gia két qud hinh anh trudc va sau 4p dung cac thuit toan cu thé nhu sau:

+ V6i ché d6 xir Iy tach bién va tao bién mau cam, hinh 11a cho thiy nét bién rd rang, c6 mau
cam ndi bat trén nén den, cac nét bién phu, bién gia hay nhidu rit it. C6 thé nhan dinh két qua sau
khi ap dung xir Iy tach bién dam bao muc tiéu dé ra.

+ V6i ché do tron mau hinh 11b, ving da cua nguoi 1a vi tri toa nhiét lon, do do, phan da mat,
canh tay, phan c6 dwoc tron mau cam rat kha chinh xac, tao hinh dnh nguoi c6 mau cam ndi bat
trén mau x4m cua anh nhiét. C6 thé nhan dinh két qua sau khi 4p dung xir Iy boi mau dam bao
muc tiéu dé ra.

+ V6i ché d6 khong xir 1y nhur hinh 11c, hinh anh video dau vao di qua bo mach Pynq-Z1 rdi
hién thi trén man hinh hoan toan gidng nhu hinh anh ban dau.

da ciia nguoi.

b. Che do tron mau cam cho vung

, c. Ché dp khong xit Iy.
Hinh 11. Ket qua xu 1y tdach bién va trén mau trén kit Pyng-Z1.
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Danh gia vé tai nguyén sir dung ciia cic thuat toan duge thé hién trén hinh 12.

Utilization Post-Synthesis | PostiImplementation Power Summary On-Chip
Graph | Table Total On-Chip Power: 2011w
Junction Temperature: 48.2°C
LT+ Thermal Margin: 36.8°C(3.1W)
BELY Effective 3JA 115°CW

BR:; : 21 Power supplied to off-chip devices: 0W

DSPA Confidence level: Low

104 18 Implemented Power Report
BUFG 1 16%
MMCM + 50
0 25 50 75 100
Utilization (%)

Hinh 12. Thong ké tai nguyén sir dung ciia cdc thudt todn dp dung.

Trén hinh 12, thiét ké thuat toan ap dung trén chip FPGA ciia bo mach Pynq-Z1 sir dung 29%
LUT , 21% BRAM, 23% Flip Flop va 18% IO,... Cac két qua nay cho thiy tai nguyén sir dung
ctia thuat toan ap dung chiém ty 18 twong di nho so vai tai nguyén c6 san trén bo mach Pyng-Z1.

Vé toc do khung hinh, thiét 1ap d6 phan giai man hinh hién thi 12 1280x720 ¢ ché d6 HD, tbc
d6 khung hinh xtr 1y dat dugc 1a 60 FPS, hinh anh video da xur 1y tach bién hoac bdi mau hién thi
trén man hinh muot ma, khong gy moi mat. V& do tré khi xir 1y, két qua quan sat khong cam
giac dugc do tré, thue té d3 c6 nghién ctru da tinh todn do tré khi xur 1y tach bién khoang 0,0422
giay [13].

Véi cac két qua trén, c6 thé ing dung dé thiét ké ché tao cac bo mach xir Iy hinh anh tng
dung trong linh vuc trdn anh.

4. KET LUAN

Bai bao di trinh bay noi dung thiét ké khdi xir Iy tach bién va tron mau cho video anh nhiét
thong qua viéc st dung cong cu thiét ké Vivado HLS cua hing Xilinx trén bo mach kit Pynq-Z1
cua hang Digilent.

Két qua thi nghiém cho thdy bo mach xtr Iy tin hiéu video dap tmg cac yéu cau, muc dich thiét
ké vé chue ning xtr 1y tach bién va xtr Iy tron mau. Khi quan sat muc tiéu ngudi qua camera anh
nhiét, phdn mau da ctia nguoi didc biét 1a ving da mit va canh tay duge xir 1y hién thi bang mau
cam 1am cho muc tiéu nguoi tré nén rat ndi bat, d& dang cho viéc phat hién va nhin dang. Phan
xur 1y tach bién cling dugc xtr 1y tao nét bién sdc nét, nét bién chuyén thanh mau cam ndi bat, it
nhiéu va it bién gia, bién khong can thiét. Vé téc do xir 1y, két qua cho toc dd khung hinh 60 FPS
khi hién thi 1én man hinh d6 phan giai 1280x720, hinh anh khéng c6 do tré, hién thi muot ma,
tao cam giac d& chiu cho mit khi quan sat. Day chinh 1a mot trong nhitng uu diém ciia FPGA voi
cac nhiém vu xur ly video gan thoi gian thuc.

Két qua cua nghién clru lam co s& dé hoan thién thiét ké, ché tao cac bo mach xtr 1y tin hiéu
video ing dung vao cac khi tai tron anh trong thoi gian toi.

Loi cim on: Nhém tac gia cam on sy ing h vé nhiéu mdt cia Vién Vit Iy ky thugt/ Vién KH&CN
quan sy dé co duoc ket qua nghién ciru nay.
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ABSTRACT

Block design of edge detection and color blending of thermal video on the Pyng-Z1 kit
using Vivado HLS for image fusion applications

In recent vyears, research, development, and application of multi-channel
optoelectronic devices with image fused function has been attracting much attention.
Along with the strong development of thermal and multi-spectral camouflage technology,
in order to improve observation efficiency, multi-channel optoelectronic devices are often
added with image fusion function to make the image of the target contains more
information. For image fusion, some video signal processing techniques will be
performed, such as edge detection, color blending, etc., to create some effects to help the
observer can see the target more easily and conveniently. This paper will present the
design of edge detection and color blending of the thermal image video on the Pyng-Z1 kit
using Vivado HLS, as a basis for designing and manufacturing video processing boards
for the research and development of fusion image devices.

Keywords: Thermal image; Edge detection; Blending; Image fusion; Pyng-Z1 kit.
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