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Nghién ciru cung cip glal phap canh bao s¢m tinh trang chay rirng bang cach nhin dang khoi. O m01 diém
quan sat, m¢t webcam c6 kha ning quét mot goc rong 360° aé nhén dién nhirng lan khoi diu tién boc 1én tr
khu vuce ¢6 chay va canh bao cho nhlrng don vi, ca nhan lién quan bang nhleu hinh thirc khac nhau. Phin
cung cua thiét bi cianh bao bao gom: (i) aé Xoay dugc Kkiém soat béi bd diéu khién PID tich hofp trén vi
dleu khlen ATTINY 2131, (ii) webcam két noi voi may tinh. Phan mem cai dat trén may tinh c6 kha nang
diéu khién dé xoay quét tuan hoan mét goc 360° (dé khoi phai lap nhiéu camera), Xt Iy hinh anh thu dugc
tir webcam, lgc thong tin va nhan dién khéi. Thuit toan trir nén dwgc 4p dung dé phan tach d6i twgng ra
khoi khung nén, sau d6 cac thuit toan co gian, nhan dién canh dwgc ap dung daé xac dinh vi tri khéi dang
bbc 1én. Két qua ban diu cho thay, giai phap dé xuét rit kha thi va hoan toan c6 thé trién khai vio thuec te.

Tuw khda: nhan dang khoi, phong chong chay rirng, xu ly danh.

Chi sé phén logi 2.2

DEVELOPING A SOLUTION
FOR EARLY DETECTION
OF FOREST FIRE

Summary

This paper proposes a method for early detection
of forest fire based on smoke detection. At each
observation point, a webcam that can rotate in
360° is used to detect the very early flowing up
smoke to alarm the officers. The hardware system
includes two different parts: (i) a rotatable base
that is controlled by a PID controller integrated on
ATTINY 2131 microcontroller, (ii) a high resolution
webcam connected to a computer. A software
program is executed to control the rotation of the
base in 360° and detect the smoke in the image
captured by the webcam by the background
subtraction after noise elimination to recognize the
right position of smoke. Experimental results have
shown that the proposed system is feasible and
applicable for early detection of forest fire.

Keywords: computer vision, early detection of forest
fire, smoke detection.
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Pat van de

Ngay nay, phong chbng chay rimg dang 1 van
dé duoc xa hoi rat quan tam. Chay rumg la tham
hoa, gay thiét hai 16n dbi voéi tinh mang va tai san
cua con nguoi, tai nguyén rung va moi truong
song Chay rung khong nhiing tac dong dén mot
quoc gla ma con anh hudng dén ca khu vuc va
toan cau. Cac giai phap phong chéng chay dang
duogc céac nha khoa hoc tap trung tim phuong phéap
phat hién va canh bao som dé cé giai phap phong
ngura hodc chira chay kip thoi. Phuong phép phong
chéng chay dya trén v¢€ tinh va robot ty hanh dugc
dé xuat boi [1-3]. Tuy nhién, giai phap nay lai tén
kém nhiéu chi phi cho thiét bi. Phwong phap st
dung cac cam bién hong ngoai phong chéng chay
nd cho rimng hodc cac ham mo dugce trinh bay boi
[4-6]. Tuy nhién, khi chady xdy ra, cong tac ctru hd
s€ trd nén kho khan va phuec tap. O Viét Nam hién
nay, cac giai phap phong chdng chay rimg hién tai
chi thuc hién bang phuong phap cong nghé thong
tin dia ly GIS (Geographical Information System)
[7, 8] nham do dac va tinh toan dy doan ving
nao c6 thé xay ra chay theo 5 cap khac nhau. Tuy
nhién, giai phap nay khong thé phong chéng chay
do nguyén nhan tir phia con nguoi.

Theo s6 liéu théng ké ctia Cuc Kiém lam, trong
giai doan 10 nam (2002-2011), ca nudc da xay ra



7.380 vu chay rung; di¢n tich rung bi thiét hai 49.837
ha. Binh quan 715 vu/nam, dién tich rung bi thiét hai
gﬁn 5.000 ha/nam [9]. Trong khi d6, cac phuong phap
va cong cu hd tro cong viéc phong chdng chay rimg &
nude ta con kha tho so nén co6 hiéu qua twong dbi thap.
Céch pho bién dé kiém tra mot khu rimg 1a cac can bo
kiém 1am hodc nhan vién bao vé rung di tuan tra hodc
thiét l1ap céac thap canh & mot sb vi tri dic biét. Tuy
nhién, dién tich rimg thudng bao gdm mot khu vuc rat
rong 16n nén moi ngudi khong thé quan sat mot khu
rimg chi bang cic phuong phap trén. Két qua 1a mot
khu vuc ring rng 16n thuong bi tan pha khi chay ring
xay ra. Do do, van dé xay dung hé théng phat hién
va canh bao som chdy rimg duoc dit ra mot cach cap
thiét. Nghién ciru nay trinh bay mét giai phap thiét ké
thi nghiém danh gia va hoan thién kha ning nhan biét
va canh bdo chay rung dua trén vi¢c nhan dién khoi st
dung webcam dé giam chi phi thyc hién. Thiét bi thi
nghiém dugc thiét ké nho gon va lép dat trén cac diém
quan sat dé giam sat rimg tir trén cao. Phan ctng cua
thiét bi c6 thé xoay toan b quanh tryc. Phdn mém trén
may tinh két ndi voi camera chiu trach nhiém nhéan
dién khoi.
Noi dung nghién ciu

Bai bao nghién ciru giai phap phong chéng chay
rimg bang hinh anh dya trén phuong phap trir nén. Pau
tién, hinh anh nhan duoc tir webcam sé duoc chuyén
d6i sang hé mau HSV, sau d6 phuwong phép trir nén
dugc ap dung trén chuan mau nay. Trong phuong phap
nay, 30 khung hinh déu dugc dung lam dir liéu nén,
cac khung hinh tlep theo so sanh d6 1éch diém anh véi
30 khung hinh trude. Két qua ciia phuong phap nay
dugc loc nhiéu bang phuong phap co gidn anh. Sau do,
thudt toan nhan di¢n canh dugc ap dung. Toa dd vi tri
ctia cac canh duoc Iuu lai trude khi duge xuat ra dé so
sanh két qua.

Chuyén doi hé mau

Chuan mau RGB dugc sir dung rat nhiéu trong hinh
anh va phim anh. Mdi mot diém anh sé& chira 3 gia tri
8 bit dugc thé hién boi 3 mau: do (red), xanh 14 cay
(green) va xanh duong (blue). Diéu nay gitip miéu ta
diém anh sinh dong va dep mat. Tuy nhién, chuan mau
nay rat nhay cam véi anh sang. Dé khac phuc diéu do,
anh mau tir webcam duoc chuyén tir chuin RGB sang
HSV dya theo [10]:

V: = max(R, G, B), (1)
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._ V—min (R,G,B)
St= min (R,G,B) ’ @)
bat:
r:=( VR)/(V-X), 3)

- g=V-g/V-X),

- r:=V-B)/(V-X)
Néu:R=VthiH:={5+b’ G=X

1—g, else

Lo~ .. (1+r, B=X 4)
Neu.G—Vtth-—{B_b’ else

. _(3+g9, R=X
Hogc: H'_{ 5—R, else
Hoeic:H:z% (5)

Véi: R, G, Bva H, S, V 1an luot 1a gia tri cua 3
chuan mau (R, G, B) va (H, S, V).

Phwong phdp triv nén

C6 nhiéu phuong phap khac nhau dé canh bao chay
rimg nhu thong tin dia Iy GIS dé du doan kha ning
chay rimg, hodc 1ap dat cam bién nhiét 46 dé danh gia
vi tri. Tuy nhién, cac giai phap trén déu khong thé xac
dinh dugc chay mot cach dot ngdt (do con nguoi) va
kha nang canh bao sém. Trong bai bao nay, nhém tac
gia dé xudt phuong phap canh bao chay ring bing
cach xac dinh khoi thong qua giai thuat trir nén. Trong
phuong phap nay, nhan dién dbi twong dua trén su so
sanh gitra dit li¢u cii va dir liéu mdi. Vi vay, viéc thu
thap dir liéu khung ban dau hét sirc quan trong. Cac dir
lidu ban dau nay 1a dir liéu nén.

bat p 1a gia tri trung binh ctia khung anh va ¢ 1a d¢
sai I¢ch chuan ctua khung anh, ta co:

—  Y%ip; 6
Pm = Tl ( )
6 = —Zi=zr'r:’_‘1"i—1' véim > 1 (7)

Khi khung anh (n+1) dwoc cdp nhat. Cac gia tri

Pn+1 va gia tri sai 1éch Opy1 can dugc cap nhat dua

trén:
Pn+1 = Q@.ppy1 + (1 —a)p, ®)
Op+1 = Q. |pn+1 - pnl + (1 - O()G_n (9)

Vi a 1a do 16n thong s6 cua gia tri moi cap nhat va



(1-0) 1a gia trj cii dugc tinh toan dua trén tat ca cac gia
tri trude do.

Nhiing diém anh véi gia tri sai 1éch dya trén Pn+1
VA Op4q c6 thé dugc dinh nghia thanh ddi tuong can
xac dinh hoac khung anh chung khong di chuyén.

Néu 0,41 > 20 => p, 41 la doi tugng,
Pn+1 = Pn V@ Op41 = Oy,

(10)

hoidc 6,41 < 26 => pp4q 12 hinh nén, 1ap lai (8), (9).

Tuy nhién, ton tai truong hop hinh nén khong thay
dbi gia tri trong mot thoi gian rat 1au, diéu d6 dan dén
gia tri sai léch s& bi hoa 1an vao nhiéu (7, — 0). Vi vay,
mot gia tri gidi han cho bién sai 1éch voi:

E’I: = max(ominvo_n) (11)
Néu On+1 > Bo-_;l => Pn+1 la d61 tlIQ‘Ilg, (12)

Pn+1 = Pn V2 Opy1 = Op

Néu 0y, < B0y, => py1a hinh nen, 13p lai (3), ()

Trong d6 P 1a trong sd, khi p cang 16n, khu vuc d6i
tuong cang nho lai. Thay doi gia tri B cho phép tim ra
ket qua tot nhat cho nhén dang khoéi trong méi truong.

Nhdn dang khoi

Két qua cua phuong phép trir nén tiép tuc duoc xir
ly dé loai bo nhiéu va nhan dang dbi twong. Pau tién,
dir liéu anh duogc co gian dé loai bé diém anh qua mo
hoac khong rd rang. Phuong trinh miéu ta thuat toan
nay duogc trinh bay dua theo:

(13)
(14)

output(x,y) = min((X, y)inlemen) input(x +x',y +vy')
output(x,y) = max((X Jinclement) input(x + x,y +y')

Sau khi khung nén duogc co gian, khoi dugc xac
dinh bang phuong phap nhéan dién canh dya theo [11,
12]. Phuong phap nay, vé tong quat, duoc thé hién qua
5 budc sau:

- Ung dung b6 loc Gauss dé 1am muot anh va loai
b6 nhiéu.

- Tim cuong d6 do ddc cua birc anh.

- Thuc hién phuong phap non-maximum suppression
dé do bién ctia anh.
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- Ap dung phan ngudng 2 1an dé tim ra cac diém
anh 1a canh tiém nang.

- Hoan thién két qua bang cach loai bo cac canh
trong diém anh nho va khong c6 két ndi anh du 16m.

Trong mdt s trudng hop, mot khung nén khong thé
cho két qua nhan di¢én tdt duoc, vi vay, vi tri toa do cac
d6i tugng duoc nhan dién s& duoc luu lai va hién thi
1én trong 30 khung hinh tiép theo. Gia tri nay tim dugc
dua vao cac thuc nghi¢m.

Thiét ké phén cirng

Hé théng dugc thiét ké nho gon c6 kha nang lap dat
trén cac tram quan tric trong rimg nham dap tng kha
nang canh bao sém khi c6 khoi xay ra. Vi vay, mot h¢
théng may tinh két hop webcam quan sat duoc thiét
ké nham dap tng kha ning quan sat va canh bao chay.
Trong hé théng, mot Webcam Logitech HD Pro C920
c6 d6 phan giai 1080p, két ndi may tinh bang chuan
USB, c6 kha ning quay phim & 30 khung hinh mdi
gidy va chup anh dat dugc 15 megapixels. Webcam
duoc dat trén bé 6 thé xoay 360°theo truc Yaw va 180°
theo truc Pitch, do d6 hé théng ¢6 thé bao quat toan bo
tam nhin theo chiéu kim dong hd. Bo diéu khién cap
thdp bao gdm vi diéu khién co hiéu chinh PID cho bo
truc xoay. Van tdc va chiéu truc xoay dugc diéu khién
tir may tinh thong qua chuan RS232.

(@) (b)

Hinh 1: truc xoay va webcam: (a) mdt trudc, (b) mat sau

Khi dé xoay, mdy tinh thiét 1ap dé¢ webcam khong
lwu dit liéu anh, diéu nay giup glam nhiéu trong qua
trinh xir 1y va mat tin hiéu khi truyén dir liéu vé.

Két qua

Két qua thiét ké phan cing va phan mém dugc nhom
tac gia kiém chung trén nhiéu thi nghiém. Nghién ctru
nay, nhom tac gia chi trinh bay két qua ctia 5 thi nghiém
dién hinh. Do su han ché vé diéu kién ngoai canh, ¢ 5
thi nghiém nay, nhom tac gia quyét dinh sir dung mot
clip tu dan dung 4 doan clip miéu ta khoi chay rirng co
san trén mang dé kiém tra giai thuat. DPac diém chinh

o4



cua cac doan clip nay la camera ghi lai canh chay rung
deu dugc dat ¢ vi tri quan sat tur trén cao, phu hgp voi
muc ti€u nghién ctru.

Thi nghiém 1

DPoan phim vé khéi dugc sir dung dya theo [13],
theo d6, 30 khung anh lién tuc ban dau dugc ding
lam dit liéu nén, tir cac khung anh tiép theo, do lIéch
s& dugc so sanh v6i hinh nén gbe. Tir hinh 2, phuong
phap nhan dién trir nén loc nhiéu va nhan dién canh
da cho két qua tot. Két qua thyc nghiém cho thay, giai
thuat cho két qua t6t trong doan nay.

(2) (b)

(d)

Hinh 2: thi nghiém 1: (a) anh goc, (b) trir énh, (c) co gidn anh,
(d) nhan dién canh, (e) két qua nhan dang

Thi nghiém 2

Thi nghiém 2 ciing dwa trén doan phim vé& chay
rung theo [13]. Pay 1a doan clip m6 ta dam chay o
bang Colorado, Hoa Ky. Nhan dién doan phim nay
cling cho két qua kha quan, thuat toan khong nhan dién
nhim hinh nén xung quanh (rimg) véi dam chay.
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Trong thi nghiém nay, hinh anh ban dau cin xac
dinh 1a hinh 3(a). Cac thudt toan trur anh, co gian, va
nhan dién canh 1an luot duoc thé hién & cac hinh 3(b),
(c), (d). Viéc nay duogc lap lai trong 30 khung anh lién
tuc, két qua so sanh dugc thé hién ra & hinh 3(e). Tuy
nhién, khac véi thi nghiém 1, khoi trong thi nghiém
nay rd rang hon nén hinh 3(b) va 3(c) khong thé hién
su sai léch 16n.

Hinh 3: thi nghiém 2: (a) anh goc, (b) trir anh, (c) co gian anh,
(d) nhdn dién canh, (e) két qua nhan dang
Thi nghié¢m 3

Thi nghiém 3 dua trén doan phim chay rung theo
[14]. Pay 1a mdt doan clip mi€u ta khoi trén day nui
Alps. Trong thi nghiém nay, doan phim dugc quay tur 1
khoang cach kha xa va kha mo. Tuy nhién, dit li¢u luu
lai sau 30 khung hinh cho két qua rat kha quan. Thuat
toan nhan dién t6t vi tri co chay dang dién ra.

Céc budc tién hanh thi nghiém 3 duoc dién ra twong
tu nhu thi nghiém 2. Tuy nhién, dé dang nhan ra rang,
trong 1 khung hinh két qua nhan dién khoi 1a khong rd
rang. Vi vay, két qua duoc luu lai trong 30 khung tiép
theo 1a can thiét.



(e)

Hinh 4: thi nghiém 3: (a) anh goc, (b) triv anh, (c) co gidn anh,

(d) nhan dién canh, (e) két qua nhan dang
Thi nghiém 4

Thi nghiém 4 dua trén doan phim vé chay ring theo
[15]. Poan clip miéu ta khéi bdc 1én twong ddi mo ¢
mot canh rung tai Phap vao sang sém. Phuong phap
trir nén hién thi két qua khong rd rang, tuy nhién sau
khi duoc co gian anh, két qua nhan duoc twong dbi rd

neét.

Trong thi nghiém nay, hinh 5(b) va 5(c) da cho két
qué rat rd nét vé phuong phap co gian anh. Két qua
sau khi trir nén duoc co gidn cho thong tin rat tot vé
do ro rang cua khoi dang bay lén. Tuy nhién, trong
thi nghiém nay, cac vét khoéi mo khong thé nhan dién

duoc.
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Hinh 5: thi nghiém 4: (a) dnh goc, (b) trir anh, (c) co gian anh,

(d) nhén dién canh, (e) két qua nhan dang

Thi nghiém 5

Thi nghiém 5 dua trén doan phim vé chay rimg theo
[16]. Poan clip thé hién 2 vu chay duoc dién ra cung
luc, phuong phap nhan dién cho két qua rat tot khi gén
nhu cung lac ¢ thé nhan dang dugc 2 dam khoi dang
béc 1én cao.

Céc budc tién hanh thi nghiém nay ciing tuong tu
nhu céc thi nghiém trude. Két qua thi nghiém nay cho
thiy tinh kha thi cia phuong phap khi c¢6 thé nhan dién

2 dam chay cung mat ltc.



(e)
Hinh 6: thi nghiém 5: (a) anh géc, (b) trir anh, (c) co gidan dnh,

(d) nhén dién canh, (e) két qua nhan dang

Bai bao dé xuat giai phap canh bao chay ring dua
trén phuong phap nhan dién khoi. Cac thi nghi¢m thuc
té ban dau tir thuc nghiém va tir cac doan phim ngin
trén mang cho két qua kha quan. Tuy nhién, thi nghiém
con vai han ché: thoi gian xtr Iy cia may tinh 1a tuong
dbi 1au (gan 1 phat); khdi phan cing con chua dugc
linh hoat, van diéu khién tir may tinh. Thuit toan ciing
con han ché khi chua nhan dién duoc may bay tam
thap, swong mu va khi gi6 qua to. Nhom tac gia da tién
hanh khoang 10 thi nghiém khac nhau, tir 46 c6 thé két
luan, thuat toan dat thanh cong ¢ muc gﬁn 80%.

Két luan va de nghi

Chung t6i da nghién ciru thiét ké ché tao va thu
nghiém mot thiét bi dung dé canh bao chay rimg bang
phuong phap nhan dién khoi. Cac két qua thuc nghiém
trong nha va ngoai troi cho thiy, thuét toan dap ung
duogc céac yéu cau dé ra, véi kha nang ndi bat nhu sau:
(i) thiét bi nho gon, c6 kha ning bao quat toan bo tam
nhin theo chiéu kim déng ho; (i) hé théng c6 kha ning
nhan dién khoi trong ca trudng hop khoi rat mo.

Thong qua cong bd nay, nhom nghién ciru kéu goi
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su dau tu thém tir cac to chirc, ca nhan nhim hoan
thién san pham, dwa vao san xuat v&i gia thanh thap,
nham xay dung mot mang ludi canh bao chéy rimg cho
dat nudc.

Tai lieu tham khao

[1] HK Preislera, D Schweizerb, R Cisnerosc, T Procterd, M
Ruminskie and L Tarnayf (2015), “A statistical model for determin-
ing impact of wildland fires on Particulate Matter (PM2.5) in Central

California aided by satellite imagery of smoke”, Environ, Pollution,
pp.340-349.

[2] S Karmaa, E Zorbaa, G.C Pallisa, G Statheropoulosa, I Baltaa,
K Mikedia, ] Vamvakaria, A Pappaa, M Chalarisb, G Xanthopoulosc,
M Statheropoulosa (2015), “Use of unmanned vehicles in search and
rescue operations in forest fires: Advantages and limitations observed
in a field trial”, Inter. of Journal of Diaster Risk, pp.307-312.

[3] Y.S Chung, H.V Le (1984), “Detection of forest-fire smoke
plumes by satellite imagery”, Atmospheric Environment, pp.2143-
2151.

[4] M Denera, Y Ozkdka, C Bostancioglub (2015), Fire detection
systems in Wireless Sensor Network, World Conference on Technolo-
gy, Innovation and Entrepreneurship.

[5] W Kriilla, Robert Toberaa, I Willmsa, H Essenb, N.V Wahlb
(2012), Early Forest Fire Detection and Verification using Optical
Smoke, Gas and Microwave Sensors, Inter. Symposium on Safety
Science and Technology.

[6] S Bhattacharjeea, P Roya, S Ghosha, S Misraa, M.S Obaidat
(2012), “Wireless sensor network-based fire detection, alarming,
monitoring and prevention system for Bord-and-Pillar coal mines”,
Journal of Systems and Software, pp.571-581.

[7] Xuan Hién Tran (2007), Ung dung cong nghé GIS trong viéc
cung cap thong tin dy bao chdy rung trén dia ban tinh Lam Dong,
Trung tdm Du bdo Khi tuong thiy van tinh Lam Dong.

[8] Nguyén Thanh Thiy (2011), Ung dung Vién tham va GIS
trong nghién ciru dy bao chay ring tinh Bac Kan.

[9] Chu dong phong chay chita chay rung, tongcuclamnghiep.gov,
truy cdp ngay 27.7.2015.

[10] A.R Smith (1978), “Color gamut transform pairs”, Computer
Graphics, 12, pp.12-19.

[11] R.T Collins, A.J Lipton, T Kanade (1999), “A system for
video surveilliance and monitoring”, American Nuclear Society 8th
Internal Topical Metting on Robotics and Remote systems, Pittsburgh,
PA. pp.25-29.

[12] John Canny (1986), “A computational approach to Edge de-
tection”, IEEE trans. on Pattern Analysis and Machine Intelligence,
8, pp.697-714.

[13] https://www.youtube.com/watch?v=RGu8 tPkIGk (accesed
on Aug 2015).

[14]ehttp://footage.framepool.com/en/shot/289209480-camp-
fire-coniferous-forest-smoke-alps (accesed on Aug 2015).

[15]ehttp://www.shutterstock.com/fr/video/clip-1721386-stock-
footage-fog-drifts-across-woods-at-bottom-of-hill.html?src=recom-
mended/1634170:3/3p (accesed on Aug2015).

[16]ehttp://www.shutterstock.com/fr/video/clip-410893-stock-
footage-start-a-forest-fire.html?src=recommended/1721386:2/3p (ac-
cesed on Aug 2015).

91



