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NGHIEN CUU HE THONG BAO CHAY
UNG DUNG CAM BIEN NHIET HONG NGOAI VA CAMERA

A STUDY OF FIRE ALARM SYSTEM IN APPLYING INFRARED
THERMOMETER SENSORS AND CAMERAS

Vii Van Thanh
Truong Dai hoc Bdach khoa, Pai hoc Pa chng; vuvanthanh85@gmail.com

Tém tat - Bai bao nay sé trinh bay hwéng nghién ctru thiét ké he
théng bao chay tir xa trng dung cam bién nhiét hdng ngoal va
camera. Nhiém vu chinh clia hé théng la wng dung cam bién
nhiét hong ngoal két hop camera quan sat dé tién hanh xac dinh
sy thay ddi clia nhiét d6 cia méi triérng xung quanh, két qua thu
dwoc la hinh anh quang phd nhiét trén may tinh. Tir két qua do
hé théng sé phan tich va dwa ra canh bao sém dé& phat hién
nhitng kha nang hda hoan de doa cudc sbng, xuat hién trudc khi
cac thiét bi bao chay truyén théng dua ra canh bao va tranh cac
bao dong gid khong dang c6 do cac nguyén nhan nhw hut thude,
quet Itra... Hé théng cé thé (rng dung cho nhirng noi cé nguy co
héa hoan cao. Khong nhing vay, hé théng con c6 thé do nhiét tir
xa rng dung trong an ninh cling nhuw trong y te... Két qua bai bao
dwa ra danh gia kha nang canh bao sém ciing nhw d6 tin cay cla
hé théng nay so véi hé théng bao chay truyén théng.

T khéa - Cam bién nhiét héng ngoai; PIC16F877A; bao chay;
lap trinh Java; dong co Servo.

1. Dat van dé

Ngay nay, viéc chdng chay, bao quan tai san va tinh
mang cho con nguoi 1a mot van dé cap thiét can duoc
nghién clru giai quyét. Tuy nhién, véi cac hé thong bao
chay truyén thdng thi cic ngd vao chi don thuin 1a 1y
cac tin hiéu tor cam bién nhiét, cam bién khoi [1], viéc
canh bao chay chi xay ra khi cdc gia tri ciia cam bién
nay phai dat t6i mét ngudng nhit dinh méi dua ra canh
bao. Piéu nay c6 mot khuyet diém 1a viéc dua ra canh
bao cham va rat d& xuét hién cc canh bao gia do cac
nguyén nhan nhu hit thudc hay thir cam bién bang quet
Iira... [2]. S& rat nguy hiém néu 1a nhitng noi chira nhiéu
vat liéu d& chay nhu gidy, nhya... thi kha ning can thiép
ctru chira kip thoi rat kho khan. Do d6, van dé dit ra déi
v6i nhitng noi nay 1a cAn kiém soat chit ché va kip thoi
cac kha nang chay c6 thé xay ra, ma khong c6 cic bao
dong gia. Mot giai phap phat hién dam chay la thong qua
hé thong camera quan sat, két hop cam bién nhiét hong
ngoai dé xac dinh nhiét d6 tir xa [3], két qua dugc quan
sat bang quang phd nhiét trén giao dién man hinh may
tinh, tir ¢ phan tich dua ra cac két qua va canh bao
chay. Hé thong c6 thé canh bao chay truc tiép bang cac
chudng bdo, coi hi hay canh bao thong qua internet,
dién thoai di dong. Camera c6 thé mg rong goc quan sat
1én dén gan 360° bang cac dong co Servo dé ting cudng
pham vi giam sat cho hé thng bao chay.

Hé¢ théng sir dung cam bién nhiét hong ngoai
MLX90614 giao tiép véi vi diéu khién théng qua giao thirc
diéu khién SMbus thay vi chudn 12C truyén thdng, véi uu
diém cong suat tiéu thu thap, ¢6 tinh nang time out, tirc 1a
kha ning reset thiét bi slave néu thoi gian giao tiép mét
nhiéu thoi gian, ¢6 kha nang kiém tra 18i cua goi tin.

Abstract - This paper will present the research on designing a
remote fire alarm system in applying infrared thermometer sensors
and cameras. The main task of this system is the application of
infrared temperature sensors combined with surveillance cameras
to determine the change in temperature of the surrounding
environment. Result obtained is a heat spectral image on the
computer. From these results, the system will analyze and offer
early warning to detect the possibility of life-threatening fires before
the traditional fire alarm equipment gives warnings, and avoid the
fake unnecessary alarms like smoking, lighters or matches... The
system can be applied to places with high fire danger. Furthermore,
this system can also measure the temperatures remotely for
applications in security as well as in healthcare... The article results
present an evaluation of early warning ability and reliability of this
system compared with that of a traditional fire alarm system.

Key words - FIR sensor; PIC16F877A; Fire alarm; Java program;
Servo motor.

Hé théng sir dung camera 2.0 Megafixel giao tiép may
tinh théng qua chuan USB ding giao dién viét bang ngon
ngit lap trinh Java nham xac dinh quang ph nhiét ciia birc
anh khi camera chup, nho hé thong dong co gitip cho cam
bién nhiét quét toan by khung canh ma camera da chup,
d@)ng thoi tra vé gia tri nhiét do theo toa dd da quét qua, tr
d6 phan mém s& phan tich dwa ra phé mau tuong tmg voi
c4c gié tri nhiét d6 ma cam bién nhiét do dwoc. Phan mém
s& can cr phd mau nay, néu dai nhiét cia phé mau 16n
trén mot pham vi rong s&€ ngay lap tuc dua ra canh bao
dam chay, ma c6 thé tranh duoc cac canh bao gia nhu cac
hé thdng canh béo chay truyén théng.
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Hinh 1. Quang phé nhiét ciia dam chay quan sat
trén giao dién phan mém may tinh
2. Thiét ké h¢ théng phén cing
Hé théng bao gém vi diéu khién PIC16F877A, cam
bién nhiét hong ngoai MLX90614, 2 dong co servo,
camera 2 megafixel va module sim900A GSM/GPRS.
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Hinh 2. So do khoi hé thong

2.1. Cim bién nhigt hong ngoai MLX90614

Pay la cam bién nhiét hdng ngoai do nhiét do khong
can ti€p xac. N6 duoc tich hop gdom cam bién do nhiét
bang hong ngoai, bd khuéqh dai nhi€u thap, b chuyén doi
ADC 17 bit, nén s& cho két qua c6 d6 phan giai va chinh
xac cao (0.02°C), cho phép giao tiep theo chuan SMbus,
tin hiéu ngo ra duoc cau hi’nh theo 10 bit PWM, dai nhiét
dd ¢6 thé do dugce tir -20 dén 120°C [4].

a) b)

Hinh 3. Géc nhin ciia cam bién a. 16i va b. thiét lgp géc do diing

PICI6FET7A

:

Hinh 4. So @6 két néi hé théng mach diéu khién va do nhiét
Dé thuc hién phép do chinh xac ta dwa vao cong thirc:

S =2#D.tan(a) 1

V6i a 1a goc nhin ciia cam bién.

Bai bao khao sat hé thong véi khoang cach D=1m- 3m,
tire khoang cach dat hé thong bao chay cach xa doi tugng
quan sat la Im dén 3m, khoang cach nay du voi kich thudce
nhiing tran nha & hodc tran cla cac co quan, xi nghiép.

Cam bién két ndi voi vi di;éu khién thong qua 2 chan
SCL, che}n 18 cua vi diéu khién va SDA chan 23 cua vi
dicu khién (Xem hinh 4), st dung 2 dién tro 4.7KQ két
n(?i gitta SDA véi 5V va SCL Vé’i~5V, moét tu 0.1uF két
noi gitra 5V va Mass d¢ loc céc nhieu & tan so cao.

Két ndi thuc t& mach cam bién MLX96014 lén
testboard nhu Hinh 5.

———E—

Hinh 5. Mach cam bién MLX90614

2.2. Djong co Servo

Muc dich gitip cho cam bién nhiét c6 thé quét toan
bd khung hinh ma camera dang gidm sat. Bao gom 3 day
ket noi 1 két n6i véi nguon 5V, 1 ndi véi mass, 1 noi voi
chén cua vi di€u khién d€ diu khién goc quay theo che
d6 PWM (dieu ché d¢ rong xung) voi chu ky
T=20ms(50Hz).

Vi du dé quay dong co vé vi tri 0°, ta diéu ché d6 rong
xung Ton =1.5ms, 90° 1a Tox =2ms, -90° 12 Tox =1ms.

Hinh 6. Bong co Servo

2.3. Module sim 900A

Muc dich 14 truyén dit liéu canh bao dam chay thong
qua tin nhan SMS hay GPRS Ién webserver, modun giao
tiép vai vi diéu khien thong qua chuan truyén thong noi
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tiép RS232 ¢ toc do baud 9600, chan TXD ciia modun két
ndi v6i chan RXD cua vi diéu khién va ngugc lai. Modun
sim dugc thuc thi nho tép 1énh AT [5]
2.4. May tinh

Phan mém 1ap trinh giao dién trén may tinh dugc viét
bang ngdn ngit Java, nhim muc dich cho ngudi sir dung
¢6 thé d& dang quan sat quang phd dam chay, ddng thoi
c6 thé xir 1y dua ra cac canh bao sém cia dam chay va
tranh cac canh bao gia...
2.5. Vi diéu khién PIC16F877A4

Pay 1a vi diéu khién cua hiang Philip, muyc dich la thu
nhan dir liéu nhiét d6 tir cam bién nhiét su dung giao
thirc truyén thong SMbus théng qua 2 chan Serial data
(SDA) va chan Serial Clock (SCL). Trong phin lap
trinh, vé co ban ta doc dit liéu tir bd nhé RAM ndi, noi
Iuu tritr nhiét dg moi truong (Ambient temperature Ta)
tai dia chi 0x006 va noi luu trit nhiét do dbi tuong
(Object temperature To) tai dia chi 0x007. P phan giai
phép do 1a 0.02°C trén LSB, ta sit dung cong thirc 2, 3,
4, 5 nhu mot phén cua doan ma 18p trinh dé tinh toan
nhiét do:
tempData=(double)(((data_high&0x007)<<8)+data_low);

(2)
TempData la dir li,éu tai dia chi 0x007 cua RAM
chinh, 1a nhiét 6 cua doi tuong To.

tempData=(TempData* tempPactor)-0.01; 3)
tempPactor chinh 1a d6 nhay ctia cam bién
MLX90614, 0.02°C.
Xac dinh nhiét do:
D¢ C=tempData-273.15 4)
b6 F=(b¢ C*1.8)+32 4)

Ngoai ra, vi diéu khién con diéu khién toa do hay vi tri
do nhiét cho cam bién, théng qua diéu khién goc quay cho
2 ddng co servo va truyén dir liéu nhiét 6 twong ng voi
timg toa do 1én may tinh. Nhan dit liéu diéu khién tir may
tinh va xuat thong tin canh bao qua modun GSM bang tin
nhan va GPRS.

3. Thiét ké phan mém
3.1. Chwong trinh chinh dwgc viét cho PIC16F877A4

Nhi¢m vu cho nhan céc 1énh diéu khién tir mdy tinh,
1énh diNéu khién la ‘céc k}:/ tu dugc 1ap trinh san, tuong
ung moi 1énh vi dieu khién s€ goi cac chuong trinh con
khéac nhau.

Chuong trinh do nhiét két hop gitra tu dong quét cac
vi tri toa d6 x,y khac nhau cua khupg anh, moi gia tri X,y
s€ goi hém (joc nhiét do tir cam bién MLX96014 mot lan
va truyén két qua 1én may tinh (printValues(rawValues,
lines);), trong d6 rawValues 1a gia tri nhi¢t d9, line 1a gia
tri x,y.

Néu két qua théa man c6 chay xay ra, mdy tinh truyén
lénh ‘f, vi diéu khién s& ngay 1ap tirc goi ham canh bao.
Nhiém vy ham nay la didu khién loa/chudng canh bao
hgat dong, dong thoi khoi dong modpn sim nhin tin SMS
dén thué bao chu va gui thong bao dén Webserver.

v

Khéi tao, khai bdo cac bién

Xac dinh vi tri ban dau cho 2 dong co servo
Dinh téc d6 baud 1a 9600

Khoi tao ham SMbus_init()

g

C6 dit ligu truyén tir
mdy tinh ?
| bung
Do phiét do.
Dung Truyén dir liéu N
Serial read="a’? nhiét 46 1én
mdy tinh.
Dung ét cam bié
Serial read="b’? Qufénc ?ignblen B
Sai
buing At o4 ié
Serial read="c’? Q;lsgsgrg&?n g
Duing 4 o hid
_ t b
Serial _read="d’? Qu:ucaa?rléi o >
W Sai
bung 5t cam bié
Serial read="e’? ngtlza;?lébilen id
) , Cénh béo chay
Serial_read="f"? cho chuéng bao, [P
modun sim
V¥ Sai

\ 4

Hinh 7. Luu dé gidi thudt chy'o’ng {rinh chinh thuc hién
trén vi diéu khién

3.2. Thiét ké giao di¢n chwong trinh trén mdy tinh

Chuong trinh duoc viét bang ngon ngit 14p trinh Java.
Nhiém vu 13 truyén cac 1énh diéu khién cho vi diéu khién
thuc thi cdc nhiém vy nhu quét toa do cam bién, do va
doc gia tri nhiét do tr cam bién nhiét, nhan dir liéu tir vi
diéu khién, sau d6 tinh toan xac dinh két qua, néu thoa
mén s& xuét 1énh cho vi diéu khién dé canh bao chay.

Phén Setting trén giao dién dung lya chon va déng mé
cdng COM giao tiép. Két qua hinh anh va phé mau nhiét
dugc hién thi phin bén phai cia giao dién, cac nit nhin
gOm Start va 4 niit miii tén v&i cac ma lénh ‘tuong Ung la
(a, b, ¢, d, ) va khi phat hién dam chay, phan mém s¢€ tu
dong truyén ma Iénh ‘f cho vi diéu khién thong qua
chuan giao tiép UART (Universal ~ Asynchronous
Receiver/ Transmitter chudn truyén thong ndi tiép bat
dong bo) dé vi didu khién dua ra canh bao.
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Hinh 8. Giao dién phan mém diéu khién trén mady tinh

4. Két qua nghién ctru va khio sat

Heé théng duogc thr nghiém & nhiing noi khac nhau, véi
cac loai vat liéu nhu giéy, nhya, bao nilong... H§ théng phat
hién canh bao nhiéu nhét 38s, tily theo khoang cach giita
dam chay va cam bién nhiét MLX90614 ma thoi gian phat
hién c6 thé thay doi. Két qua dugc thé hién qua Bang 1.

Bing 1. Két qud ciia hé thong duwoc kiém thir ¢ cdc noi

khac nhau
L K,hoén’g‘ Th’(‘)ri gian dei,gizin Téng thoi
Noi kiém | cachvdoi | quétvado | xurly ket gian
thtr damchay | nhiétcua | quatrén
(m)  |cam bién (s)|may tinh 5)]  ©®

Phong Im 20-23 8 28-31
Ngoai troi 1-2m 20-30 8 28-38
Nha kho 1-3m 20-30 8 28-38
Thu vién Im 20-23 8 28-31

Béng 1 da cho thay két qua thoi gian trung binh cho hé
thong xir 1y phat hién dam chay.

Trong khoang 30 1an kiém thir, trong d6 c6 18 1an phat hién
chinh x4c dam chay, con 2 lan khong chinh x4c do nguyén
nhan troi lac d6 kha ning nong. Tuy nhién, néu hé thong trién
khai trong phong hay toa nha khong phai ngoai troi thi két qua
chinh xac 100%, két qua dugc thé hién trong Bang 2.

Bing 2. Két qud kiém tra ciia hé théng tai cdc noi khdc nhau

Qua trinh thtr | Qua trinh thir

co ltra khong c6 ltra
S 14n canh bao dung 28 30
S 14n canh bao sai 2 0

H¢ théng s€ dua ra tin hi¢u canh bao khi lira dugc phat
hién trong pham vi cia camera va toa d0 quét cuia cam
bién nhiét hong ngoai.

Céc két qua khi dugc quan sat qua phian mém giao
dién trén may tinh, Hinh 9.

Két qua Hinh 9 cho thdy, néu trong ving quét c6 ngudi,
cho két qua dai nhiét cao nhat 1a 32.53°C, nhiét d¢ trung
binh trong cta toan bo khung anh la 28.11°C. Trong giai
thuat cia chuong trinh, néu nhiét do trung binh 16n hon
36°C va nhiét d6 16n nhét dat 40°C, s& xuat 1énh bao chay.
Do viy, véi két qua & trén s& khong c6 1énh béo chay xay
ra. Gi4 tri dat ngudng dé bao chay co thé diéu chinh theo

mua, theo timg khong gian hay can d¢ nhay khac nhau, ma
ngudi su dung co thé dieu chinh cho phu hop.

1 Minimum Temp: 24 57°C —
25° 267 27° 37° 20° 20° 30° 31° 31 33 Average Temp:  28.11°C 00 |
, Maximum Temp: 3253°C ,
Hinh 9. Keét qua do nhiét trong phong néu cé6 nguoi voi
khodng cach 1,5m

hi

Average Temp:  39.31°C

12° 18° 23° 20° 34° 40° 45° 51° 56° 67°
Maximum Temp:  57.50°C

| save

|
Minimum Temp: 2579°C

Hinh 10. Két qua do nhiét do dot lira ngodi troi ban dém voi
khodng cach 1.5m
Két qua Hinh 10 cho théy gia tri nhiét do trung binh
39.31°C va nhiét do cuc dai dat 73.59°C. Gi4 tri ndy vuot
qua gia tri dat cia chuong trinh, nén canh bdo chay s€
kich hoat. My tinh s& truyén lénh “f” xubng dé vi diéu
khién khoi dong hé théng canh bao chay.

5. Két luan

Tir cac két qua nghién ctru da dugc thyc hién, ta co thé
xay dung mot hé thong phat hién chay dya trén xur 1y két
qua tir cam bién nhiét hong ngoai két hop hinh anh tir
camera, cho két qua hiéu sudt chinh x4c cao. Mot trong
nhitng 1oi thé ctia du an nay 14 voi cach kiém tra nhiét do
hay khoi nhu cic hé thdng bao chay truyén thdng, hé
thong s& khong kich hoat bao dong gia. Két qua cho thiy
rang, su két hop hai phuong phap nay khong c6 rii ro cho
nha va 97% an toan cho ngoai troi. Pay 1a mot hé thong
tt v6i chi phi thip, ma lai hiéu qua cao.
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