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THIET KE, CHE TAO HE THONG CANH BAO SOM DAM CHAY
TRONG TOA NHA CAO TANG SU DUNG CONG NGHE HOC MAY

DESIGN AND IMPLEMENTATION OF FIRE EARLY WARNING SYSTEM
IN IN-BUILDING INFASTRUCTURE BASED ON DEEP LEARNING
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TOM TAT

Phat hién va canh bao chay kip thoi gp phan quan trong trong viéc dam
hao an toan, giam thiéu thiét hai cho con ngudi. Hién nay, cach tiép can chii yéu
duoc sir dung nhdm giai quyét van dé trén 4 st dung cc cam bién nhiét do, cam
bién khdi. Phuong phap nay ¢6 han ché Ia khi hé thong phat hién ra dam chay thi
tinh trang chdy da I6n va lan rdng. Trong bai bdo nay ching t6i d& xuat mot hé
thng phat hién dam khéi nham canh bao som dam chéy duoc xay dung dya trén
nén tang cong nghé hoc may. Qué trinh xay dung, thir nghiém cho théy tinh kha
thi clla hé thGng trong viéc giai quyét van dé phat hién sém va canh bao dam
chay. Két qué thir nghiém d chitng t6 rang hé thding d& xuat ¢ thé dap ing t6t
muc tiéu canh béo som cac dam chay va phil hop dé trién khai véi céc hé thdng
may tinh hién tai.

Tir khéa: Hoc may, xir Iy anh, mang cam hién, canh bao chéy.

ABSTRACT

Afire detection system is essential for people’s safety. During the past few
years, many approaches based on smoke sensors, humidity sensors were
proposed. However, because of the limitation of the capability of sensors, those
proposed methods are infeasible for early-warning systems. The purpose of this
paper is to present a new fire early-warning system based on deep learning. The
proposed system is designed by using sensors and surveillance cameras to detect
smoke. The system is tested on our dataset and reality indoor environment.
Experiments show that the new approach is successfully applied to various
scenarios and significant for improving the accuracy of fire smoke detection.

Keywords: Deep learning, smoke detection, sensors, image processing.
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1. GIOI THIEU

Hién nay, trén thé gigi cting nhu & Viét Nam, méi ndm
c6 hang nghin vu chay, gay thiét hai Ién vé nguoi va kinh
té. Thong keé thiét hai trong 9 thang dau nam 2017 ca nuéc
xay ra hon 3.000 vu chay, lam chét 75 nguoi, bi thvong 143
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nguoi, thiét hai vé tai san la hon 1.500 ty dong [1]. Vi vay,
viéc tim kiém va phat trién nhirng phuong phap phat hién
sém cac khu vuc sdp chay, chay nhé mot cach chinh xac,
kip thoi thuc su clp thiét. Hién tai, da cé nhiéu nghién ctu
dé xuat nhitng bién phap phat hién va canh bao chay nhu
dung cac dau bao chay nhiét, dau bao chay khéi va dau
bdo chay Ira. Hé thdng phéat hién va cadnh bao chay dva
trén dau bao chay truyén thdng da phat huy hiéu qua trong
nhiéu tinh hudng, canh bao chay chinh xac khi nhiét do,
khoi lan tda t¢i dau bao chay va dat ngudng hoat dong clia
thiét bi. Tuy vay, phuong phéap nay van co han ché 1a cac
dau bao chay chi lam viéc khi nhiét d6, khéi da lan truyén
t¢i dau cAm bién va dat nguwdng hoat dong, khi dé thuwong
dam chay da phat trién In. Vi vay, hé théng chi hiéu qua
trong khoéng gian nhé va kin (nhu trong toa nha), phat hién
chay khi dam chay bung phéat khdng nhanh, con véi vung
giam sat c6 khéng gian m& nhu cac hanh lang, phong
khong kin, anh hwdng gié thi hé thong hoat dong kém hiéu
qua. Viéc phat hién va canh bao chay str dung dau do cling
con nhiéu han ché do phu thuéc hoan toan vao thoi gian
lan truy@n nhiét va khoi ké tir khi bt dau xay ra hién tvong
chay cho dén khi khéi hodc nhiét dé lan téa téi dau do.

Nhirng ndm gan day, mot huéng mé ra trong nghién ciru
canh bao chay la str dung ky thuat xt ly &nh nhan dang
thong qua hé théng quan sat camera. Nhitng nghién ciu
(ng dung k¥ thuéat xt ly anh, video vao cac hé théng camera
canh gidi v&i muc dich phéat hién va canh bao chay phat trién
manh va da c6 nhitng két qua nhét dinh. Phan 16n céc giai
phép duwoc dé xuat cho bai toan phat hién ngon Itra str dung
ky thuat xir ly anh, video s6 hién déu dva trén nhitrng tinh
chét c6 thé quan sat duoc clia ngon lira nhu mau sac, si thay
d6i vé vi tri cac diém anh cla ngon Ira theo thoi gian. Tuy
nhién, hau hét cac nghién ctru méi chi dirng lai & viéc phan
tich d&c trung clia ngon Itra, két qua con & muc thtr nghiém,
do chinh xac chua cao; nghién clru méi dirng lai & vat liéu
chdng chay va phuong phap chita chay.

Trén thé gidi viéc ap dung cong nghé x ly nhan dang
anh tién trién tir giai doan dau dung cac phuong phap
nhan dién st dung mau sac va trich xuét dac trwng [2 - 10],
cach tiép can mai hon 1a optical flow st dung dit liéu chudi
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anh (Red Green Blue) dé xac dinh ving chuyén déng [11,
12, 13]. Gan day, cach tiép can (*ng dung hoc may ngay
cang pho bién hon. Trong [14], nhém téc gia st dung mang
CNN, hé théng co thé phat hién chay ca trong nha va ngoai
troi. Dya trén gidi thuat géc, nhém dé xuat co ché thich
nghi wu tién déi véi camera va gidi thuat lva chon kénh
dong cho cac camera. V6i nhém st dung hoc may [15], dit
liéu tlr cac b0 thu thap di liéu tir cAm bién khoi, nhiét do,
ngon lira duge dua qua bd hoc may dé phat hién ra ving
nguy hiém. Véi viéc ting dung mang no-ron céac dic trung
cla ngon Ira md phéng trong phong thi nghiém duoc st
dung lam 16i vao [16]; hinh &nh chira ngon I%a tir &nh dong
va cac dac treng cda anh dua vao ANN thu dwgc tir anh tir
camera CCD. C6 thé thdy, cac hwdng nghién clru trén quéc
té déu hwéng dén (ng dung hoc may, cac doanh nghiép
cling da buéc dau rng dung cdng nghé nay vao san pham
clia minh. Tuy nhién, hau hét cac giai phap nay co gia
thanh khé cao.

Trong bai bao nay, chang téi trinh bay mé hinh ctia hé
thong phat hién va canh bao chay sém va cach thic trién
khai, hoat déng clia hé thdng. Hé thdng duwoc nghién clu
véi mong muén khéc phuc dwoc nhitng nhuoc diém dang
ton tai trong bai toan phat hién, cAnh béo chay. Cac phan
con lai cua bai bao duoc t6 chirc theo ba muc chinh, phan
hai trinh bay cac nghién ctu lién quan dén hé théng, phan
ba va bon mé ta thiét ké cac phwong thirc trién khai, cai dat
hé thdng. Phan nam va sdu dwa ra cac thong s6 danh gia va
két luan cuia bai bao.

2. CAC NGHIEN CU'U LIEN QUAN

Trén thé gi6i viéc ap dung cong nghé x& ly nhan dang
anh tién trién tlr giai doan dau diing cac phwong phap nhan
dién sir dung mau sac va trich xuét dic trung [2 - 10], cach
tiép can mai hon 1a optical flow st dung di liéu chubi anh
(Red Green Blue) dé xéc dinh viing chuyén dong [11, 12, 13];
ti€p theo la viéc (ng dung cac cong cu hoc may dé nang cao
kha nang phan doan [14, 15, 16]. Gan day, cach ti€p can rng
dung hoc may ngay cang pho bién hon. Trong [14], nhém
tac gia st dung mang CNN, hé thong c6 thé phat hién chay
cd trong nha va ngoai troi. Dya trén giai thuat géc, nhom dé
xuét co ché thich nghi vu tién d6i véi camera va giai thuat
Iva chon kénh ddng cho cac camera. V&i nhom st dung hoc
may [15], di¥ liéu tlr cac bd thu thap di liéu tlr cdm bién khai,
nhiét do, ngon Ira dugc dwa qua bd hoc may dé phat hién ra
vling nguy hiém. Véi viéc 'ng dung mang no-ron cac dac
tring ctia ngon Itta mé phdng trong phong thi nghiém duwoc
st dung lam 16i vao [16]; hinh anh chita ngon Ira tir anh
dong va cac dac tring clia anh dwa vao ANN thu duwoc tir dnh
tlr camera CCD.

Phan I¢p anh (Image Classification) l1a nhiém vu gén
nhan mot anh dau vao v&i mot tap nhan trong mot danh
sach c6 dinh [17]. Pay la nhiém vu co ban va don gian nhat
trong bai toan x ly anh va né ciing cé tinh ¢ng dung rat
cao. Rat nhiéu nhiém vu trong x ly anh cling co6 thé quy vé
bai todn phan I&p anh. Nhiém vu phéan I&p 4nh duoc thuc
hién rat thanh cong bdi mang no-ron xoan hay CNNS.
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Nhttng mang phd bién nhat hién nay cé thé ké dén nhu:
ResNet [18], InceptionNet [19], MobileNet [20]... Chang t6i
da thir nghiém cac mo hinh k& trén trong bai toan nhan
dang dam chay. Dva theo két qua thuc nghiém, ching t6i
Iya chon m6 hinh mang ResNets-50 do mé hinh mang nay
dé hudn luyén va s6 trong s6 khdng qua I6n, phu hop voi
do phtrc tap cla bai toan nhan dang dam chay. Mot sb
mang méi nhat hién nay nhw DenseNets hay NasNets, mac
du c6 két qua chinh xac rat cao nhung khéng dwgc st dung
bd&i nhirng mé hinh nay rat khé hudn luyén. Ké ca khi ching
ta chi thuc hién diéu chinh tham s6, néu khéng cé mot hé
tinh toan dt manh thi kho long cé thé danh gia duoc do tin
cay clia két qua hudn luyén.

ResNet dwgc phat trién bdi microsoft nam 2015 [18].
ResNet da chién thang ImageNet ILSVRC competition 2015
vGi ty 1€ 16i 1a 3,57% va ResNet c6 cdu tric gan giéng VGG
vGi nhiéu 16p lam cho m6 hinh sau hon. Khéng gidng VGG,
ResNet ¢6 s6 16p sdu hon nhu 34, 55, 101 va 151. Resnet gidi
guyét duoc van dé cda hoc sau truyén théng, dé la cé thé
dé& dang huén luyén mé hinh véi hang tram 16p. D& hiéu
ResNet chiing ta can hi€u van dé khi xép chdéng nhiéu lop
khi hudn luyén. Van dé dau tién khi tang d6 sau cla mo
hinh hon thi dao ham sé bi suy bién. Van dé nay cé thé giai
quyét bang cach thém Batch Normalization [21], n6 gilp
chudn hda dau ra gilp cac hé sd tré nén can bang hon
khong quéa nhé hodc qua Ién nén sé gitip md hinh dé hdi tu
hon. Van dé th( hai la mat méat théng tin khi mo hinh quéa
sau do khi md hinh sau hon dé chinh xac bat dau bdo hoa
tham chi la gidm. Resnet dwoc ra doi dé giai quyét van dé
nay. ResNet c6 kién trdc gdm nhiéu khéi két néi dw. Y tudng
chinh la dung canh két n6i mot 16p vai mot 16p tir trude do
nhiéu I16p (bd qua céac I16p & gilra). M6 hinh dac trung nay
dwgc minh hoa trong hinh 1.

X

weight layer

F(x) ! relu X identity
weight layer
F (x) 3 5 relu

Hinh 1. Md hinh két ndi cac tang clia ResNet [17]

Bai toan xac dinh vat thé dé cap dén kha nang clia hé
thong may tinh va phan mém dé dinh vi cac doi tvong
trong mot hinh anh va xac dinh tirng déi twgng. Bai toan
nay da duoc str dung réng rai dé phat hién khuén mat, phat
hién xe, dém s6 nguoi di bd, hé thdng bao mat va xe khéng
nguoi lai. Co6 nhiéu cach dé nhan dién doi twong co thé
dwoc st dung cling nhu trong nhiéu Iinh vuc thuc hanh.
Nhiém vu bai toan xac dinh vat thé da c6 nhiéu budc phat
trién trong nhi*ng ndm gan day. Phrong phap dau tién la
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ki€u brute-force véi mét clra s6 trwgt quét tat ca cac ving
trong anh dé xac dinh vat thé. Cing véi hoc sau va hang
loat ki thuat méi duoc gi¢i nghién ctru dé xuat nhu Feature
Pyramid [22], Region Proposal [23]... Bai todn nay da dat
duoc nhitng ti€n bd vd cung khd quan. Cac huéng phat
trién clia bai toan nhan dién vat thé duoc mé ta trong hinh
2. Hién nay xac dinh vat thé dwoc chia lam hai cach tiép can
chinh: Region proposal based va Regression Classification
based; va cac dai dién tiéu bi€u clia cac phuong phap nay
la cdc mang Faster R-CNN [23], YOLO [24] va SSD [25].

R-FCN

/’ (2016)

R:f‘z:al _  RCNN PPt FRON FPN
fgass i (2014) (015) (015) (017)
\\ Mask R-CNN
2017
Generic object LD
detection
, DSSD
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YOLOV2

_, AttentionNet | YOLO _ SSD
(2015) (2016)

[Classification (2016)
based \ G-CNN

(2016)

_ Regression
(2017)

DSOD
(2017)
Hinh 2. Qué trinh phat trién clia bai toan xac dinh ddi twong [16]

3. THIET KE VA TRIEN KHAI HE THONG
3.1. Téng quan hé théng

: T ® "’ CISCO

Hikvison camera

Module :
Sim900A ‘9;
NVR -

Router

=
3

May chu

Raspberry Pi3

Hinh 3. Tong thé két ndi clia hé thdng

Hé thong duwgc xay dung bao gdm hai phan chinh la
ghép ndi thiét bi phan clrng va phan mém trién khai hé
thong. Dau tién vé hé thdng phan clrng, phan cirng duwoc
chia lam hai phan chinh, thi nhat la cac cAm bién thu thap
thong tin v& moi tredng va thi hai Ia may chi xt ly cac tac
vu nhu phat hién chay, dua ra canh bao, thong bao. Trong
hinh 3 1a mé hinh két ndi clia hé thong, cac thiét bi chinh
clia hé thdng bao gom:

¢ 01 may chd, cdu hinh may chi bao gébm CPU Intel
Xeon E5, GPU Nvidia GTX 2080Ti

e 04 camera an ninh, giam sat. Loai camera dugc st
dung la IP Camera.

¢ 01 cAm bién nhiét d6 d6 &m DHT21
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e 01 cAm bién khi CO MQ-7

¢ 01 m6-dun Sim900A

¢ 01 Arduino UNO

¢ 01 Raspberry Pi 3
3.2. Cam bién nhiét do, dd am, khi CO

Cac cam bién nhiét do, d6 &m DHT21 va cam bién khi
CO MQ-7 duoc dat & nhitng noi c6 nguy co cao xay ra chay
noé nhu td dién, tram bién ap... Cac vi tri nay can su giam sat
dac biét nham phat hién kip thoi nhitng nguy co xuét hién
chay n6. Qua trinh doc va truyén théng tin cam bién vé
may chd co hai buéc chinh:

o Arduino UNO cé nhiém vu nhan théng tin tr DHT21 va
MQ-7 sau d6 glri Ién cho Raspberry Pi 3. Bay la mot kit vi x( ly
co ban va phd bién cung cap nhitng giao thic can thiét dé
két nGi tin hiéu twong tu va tin hiéu s6 dong thoi két noi véi
may tinh nhiing bang giao thirc néi tiép nham thao ra mot
mo-dun két n6i da cAm bién tién dung va nhé gon.

e Raspberry Pi 3 la thanh phan xt ly chinh. Raspberry Pi
3 duoc xay dung xoay quanh bd x& li SoC Broadcom
BCM2835 (la chip x& li manh mé c6 kich thuwéc nhé hay
duwoc dung trong dién thoai di dong) bao gom CPU, GPU,
bd x& Ii am thanh, hinh &nh va cac tinh nang khac... tat ca
duwoc tich hgp bén trong chip co6 dién nang thap nay. M6-
dun nay sé nhan thoéng tin cdm bién ti* Arduino UNO va
hinh &nh tr Pi Camera. Sau d¢é sé glri thdng tin cdm bién Ién
may chii bang giao thirc MQTT [26].

Arduion UNO nhén dit liéu tir cac cam
bien va gii cho Raspberry Pi

I

Raspberry P{ dong goi dir liéu theo
chuan cua MQTT

!

Guri dit liéu 1én broker MQTT
(Mosquitto Broker)

l

Broker giri thong bao cho khach hang
dang theo doi kénh dir li¢u

I

May chu ldy thong tin vé tir kénh dir
liéu dang theo doi

Hinh 4. Luu d6 qué trinh truyén nhan thong tin tir cam bién

Trong hinh 4 mé6 ta cac buéc trong qua trinh truyén
nhan thong tin tir cdm bién. Sau khi Raspberry Pi nhan
dugc di liéu cam bién tlr Arduino UNO théng qua cong
USB, dir lieu s& dwoc dwa vao tin nhan theo chudn cla
MQTT bao gébm céc thudc tinh co ban nhu Topic, data, QoS
(Qualities of service)... Sau d6 tin nhan nay sé duoc gii len
Broker MQTT (trong hé théng nay la Mosquitto Broker).
Broker sau khi nhan dwoc tin nhén sé kiém tra chi dé trong

Vol. 56 - No. 2 (Apr 2020) e Journal of SCIENCE & TECHNOLOGY | 51



CONG NGHE

P-ISSN 1859-3585 | E-ISSN 2615-9619

tin nhan va théng bao t¢i may chi dang theo ddi chii dé do
biét rang c6 tin nhan gt 1én dé may chi 18y tin nhan ve.
3.3. Hé thdng camera giam sat

M hinh dé xuat cho hé théng canh bao chay né bang
camera ¢ nhiéu diém twong déng véi mét hé thdng
camera giam sat thong thuong. V6i diéu kién thuc té tai
Viét Nam, chdng toi phat trién hé thong nhu mét géi nang
cdp cua hé thdng Camera IP giam sat thong dung trén thi
trvong hién nay. Hé thdng phan clng cta chdng toi st
dung duong mang hi*tu tuyén bao gdm céac thanh phan
chinh sau:

¢ 04 Camera IP gidam sat Hikvision model DS-2CD2121G0-I

¢ 01 Bau ghi loai NVR Hikvision DS-7104NI-Q1/M

¢ 01 Router Gigabite Ethernet (thi du CISCO SG95-16)

o (TUy chon) Wireless bridge cho cac khu virc khong thé
kéo day

Hién nay viéc giai ma video la mot cong viéc twong doi
nhe nhang v&i may tinh ca nhan va may tinh nhang. Véi hé
thong dé xuat, qua trinh gidi méa can dam bao dap ¢*ng thoi
gian thuc véi nhiéu luéng video phan gidi cao. Hai gidi
phap duoc chiing téi st dung dé giai quyét van dé nay la
FFMpeg va NVCodec:

e FFMPEG la mot framework hang dau vé da phuong tién
(xt¢ ly am thanh, hinh anh). N6 cé thé decode (giai ma),
encode (ma hda), transcode (chuyén ma), mux (ghép kénh),
demux (phan kénh, tach kénh), stream (vi du nhu livestream
trén youtube, facebook..), filter (loc) va play (chay, phéat
video) rat nhiéu thr ma con nguti hay may maéc tao ra.
FFMPEG hd trg hau hét cac dinh dang. Va né kha 1a linh hoat,
c6 thé compile, run va chay trén nhiéu nén tang nhw Linux,
Mac OS X, Microsoft Windows, BSD, Solaris... va & trén nhiéu
moi treong, kién trdc khéac nhau.

e CUDA la kién tric GPU dac trung clia NVidia phat
trién, CUDA khong chi lam nhiém vu d6 hoa ma con thuc
hién thém céac nhiém vu hd tro tinh toan théng dung.
Nhiém vu gidi ma Video ciing 1a mdt trong nhitng tac vu
duoc kién trdc CUDA hd trg qua bd thu vién NVidia Video
Codec SDK. Trai qua qua trinh phat trién lau dai, phién ban
9.1 mai nhat hién nay da hd tro gidi ma chuén nén H265 &
do phan giai Ién t6i 8K.

Viéc st dung NVCodec trong qua trinh giai ma giap
tang hiéu nang x ly cta hé théng: Gidi nén dugc nhiéu
ludng video hon véi chi phi tinh toan va dién nang thap
hon, gidm bt do tré trong qua trinh giai ma video xuéng
mo dun x& ly &nh.

3.4. M6-dun Sim 900A

Mo-dun Sim900A la thanh phan gti thong bao canh
bdo khi phat hién ddm chay. SIM900A la mdt md-dun
khong day nhoé gon va dang tin cdy. Mé-dun cé ngan xép
TCP/IP ndi bd cho phép ba két ndi véi mang toan cau thdng
gua GPRS. N6 duoc két nbi vai may cha théng qua két ndi
UART. Sau khi c6 canh béo chay, n6 s& gt tin nhan toi
nhitng s dién thoai duoc lwu sdn trong md-dun (c6 thé 1a
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sO cla co quan ciru hoa, canh sat...) mot cach lién tuc dé
dam bao c6 su (tng pho kip thoi véi si co chay.

3.5. Phan mém hé théng cadnh bao chay

Trong hinh 5 md ta tdng quan qua trinh van hanh cla
hé thdng. Phan mém may chl danh gia mirc d6 canh bao
chay bao gbm cac mé-dun chinh sau day:

e Phan tich video: m6 dun c6 vai tro trich xuat cac sw
kién tlr cac ludng video gti téi trung tam xi ly. Day la
lubng xtr ly quan trong clia hé thdng do phai gidi quyét
mot lvgng théng tin I6n, dd tin ciy cao. Néu dugc phan
tich ngl* nghfa ddng cach sé lam gidm cac trwong hop
canh bao nham.

e Cam bién moi trvong: moé dun ¢ vai trd lvu trik va
biéu dién cac thong tin tir cac nat cdm bién bao chay
truyén théng. Ludng théng tin nay khéng chi gitip ching ta
quyét dinh canh bao chay, ma con ho trg viéc du bao céc
khu vy ¢6 nguy co chay cao.

¢ Phan tich va quyét dinh: day la noi phan tich danh gia
thong tin canh bao cho ca toa nha. Tlr cac diém bat thuong
trén cac nat cadm bién va camera trong toa nha, két hop voi
kinh nghiém clia cac giai thuat hoc may dé dua ra cac mirc
canh bao phu hop.

e Hé thdng canh bao: nhiém vu clia hé théng canh bao
la sau khi nhan dwgc két qua phan tich méi truong tur dir
lieu thu thap sé dua ra cadnh bao tuy theo két qua nhan
duoc. Hé théng canh béo ¢ thé gt tin nhan dén nhitng s6
dién thoai trong danh sach va gti email dén nhirng dia chi
thw da duoc cai dat.

-

Léy dit lidu cam

Lay dir liéu anh bidn

Phan tich hinh anh Phan tich dix liéu

Khoéng Khong

Xac dinh
dau hiéu
chay

Xac dinh
dau hiéu
chay

Co

Canh bao

Hinh 5. Tong quan phan mém clia hé thang

Céac bo thu vién ma ngudon mé duwgc st dung trong thiét
k€ phan mém hé théng bao gom:

e Phan mém giao dién Qt: Qt la framework tap hop
cung cdp nhiéu céng cu, thu vién gitp viéc lap trinh dé tao
nén cac giao dién d6 hoa nguoi dung, chd yéu véi cac clra
s6 tré nén hitu hiéu hon. Qt dugc viét bang C++ va dwoc
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thiét ké dé sir dung trong C++. Hién nay da c6 thé dung thu
vién nay voi nhiéu ngén ngir khac nhu Java hay Python...

e Thu vién xt ly anh OpenCV: OpenCV (Open Computer
Vision) la mot thu vien ma nguén mé hang dau cho xt ly vé
thi giac may tinh, machine learning, x& ly anh. OpenCV duoc
Viét bang C/C++, vi vy c6 téc do tinh toan rét nhanh, co thé
str dung v6i cac tng dung lién quan dén thoi gian thuc.
Opencv c6 cac interface cho C/C++, Python Java vi vy ho tro
duoc cho Window, Linux, MacOs |an Android, iOS

e Co s¢ di¥ liéu MongoDB: MongoDB la mét hé thdng
quan ly co s& dir liéu nguén mé (DBMS) sir dung mo hinh
ho tro cac dang di liéu khac nhau. Bay 1a mét trong nhiéu
cdng nghé co s& dii liéu phat sinh vao gitta nhitng nam
2000 dwéi biéu ngtr NoQuery dé st dung trong cac (*ng
dung di¥ liéu I16n va cac cong viéc xt ly khac.

e Thu vién truyén nhan théng tin cdm bién Eclipse
Mosquitto: Eclipse Mosquitto la mot nha moi gi¢i thdng
bao ma nguén mé (dwgc cap phép EPL / EDL) thuc hién cac
giao thirc MQTT phién ban 5.0, 3.1.1 va 3.1. Mosquitto rat
nhe va phd hop dé sir dung trén tat ca cac thiét bi tlr may
tinh nhang nang lvgng thap dén may cha day da.

e Cong cu tdi vu hoc may TensorRT: NVIDIA TensorRT la
mot nén tang cho suy luan hoc tap sau hiéu sudt cao. N6
bao gbm mot trinh t6i wu hoa suy luan hoc tap sau va thoi
gian chay mang lai do tré thap va théng lwong cao cho cac
¢*ng dung suy luan hoc tap sau. Cac ’ng dung dua trén
TensorRT thuc hién nhanh hon t&i 40 1an so véi cac nén
tang chi st dung CPU trong quda trinh suy luan. Véi
TensorRT, ¢6 thé tdi vu héa cac md hinh mang than kinh
duwoc dao tao trong tat cd cac nén tang chinh, hiéu chinh
cho dd chinh xac thap hon véi d6 chinh xac cao va cudi
cung trién khai dén cac trung tam di liéu, thiét bi nhing.

4. TOI VU KHA NANG NHAN DANG BDAM CHAY

Trong thuc té, khi hién twgng chay xay ra sé xudt hién
khéi va si lan tda ctia khoi nhanh hon khi so sanh véi su lan
tda cla Itra. V&i muc dich phat hién sém cac dam chay, hé
thong xt ly hinh &nh chi tap trung vao nhan dang cac dam
khoi, ddc biét la cac dam khoéi nhd, dé dam dac thdp. Budc
dau tién trong qua trinh nhan dang nay la thi* nghiém doé
hiéu qua ctia hoc may véi viéc phan loai &nh c6 khoi va anh
khong c6 khoi. Cac mang hoc sau phan loai anh phd bién
duwoc thlr nghiém bao gdm ResNet-18, ResNet-50, mang
VGG va DenseNet. Cac mang ké trén vé sau cé nhiém vu
trich xuat dac trung vé dam khéi, lam tién dé cho viéc
khoanh viing dam khoéi & phan sau. Do dit liéu hinh &nh vé
cac dam khai trong thuc té kha it, dac biét la khéi véi mat
dd méng, nén dé khac phuc diéu nay ching ti co st dung
phan mém gia 1ap hiéu tng 3D Blender dé tao ngau nhién
ra mot s6 mau dam khoi va sau dé chén cac mau nhan tao
vao trong tap dir lieu cé san. Véi truong hop 1a canh béao
chay trong nha, khu dan cu, tap di liéu mé dwoc st dung la
SUN RGB-D [27]. Trong hinh 6 la hinh anh minh hoa cho
viéc sinh ra di lieu gia lap nham khéc phuc viéc thiéu di
liu cho viéc hudn luyén. Voi viéc két hgp nhu vay tdng s
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mau di liéu sinh ra da dang va dam bao s can bang dir
liu. Co cdu td chirc dir lieu dwge mo ta trong bang 1. K&t
gua huan luyén dwgc mo ta trong bang 2. V6éi nhitng két
qua tlr thwc nghiém chdng téi quyét dinh chon moé hinh
ResNet-50 lam mang trich xuét déc trung cho viéc xay dyng
mang xac dinh dam khoi.

Hinh 6. Minh hoa chén khéi nhan tao vao bo dif liéu SUN RGB-D
Bang 1. Co cAu s6 lugng mau trong viéc hudn luyén

Tapditliéu Anh thuong Anh c6 khoi Téng
Huén luyén 1350 1580 2930
Thir nghiém 870 835 1705
Kiém tra 850 850 1700
Tong 3070 3265 6335

Bang 2. B4 chinh x&c clia cac mang phan loai
Loai mang Do chinhxac
ResNet-18 95,40%
ResNet-50 98,85%
VGG 96,70%
DenseNet 97,15%

Xac dinh vat thé dé cap dén kha nang ctia hé théng may
tinh va phan mém dé dinh vi cac d6i tugng trong mot hinh
anh va xac dinh tirng d6i twong. Viéc 4p dung dot phat va
nhanh céng clia deep learning vao nam 2012 da dwa vao su
ton tai cac thuat toan va phuong phap phat hién déi twgng
hién dai va chinh xac cao nhuw R-CNN, Fast-RCNN, Faster-
RCNN, RetinaNet va nhanh hon nhung rat chinh xac nhw SSD
va YOLO. Qua qué trinh tim hiéu, thuc nghiém véi cac mang
da néu ra & trén, chung tdi nhan ra cdc mang nay cé cac uu
nhuoc diém:

e Cac m6 hinh mang SSD vé c¢6 t6c do trung binh nhanh
hon nhung khong thé tot hon Faster R-CNN & dd chinh xac

o Faster R-CNN cén it nhat 100ms dé x(r ly mot anh

e St dung ban do thudc tinh phan gidi thap giam doé chinh
xac clia tat ca cac phuong phap
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e Phan giai anh dau vao anh hudng dang ké dén do
chinh xac ctia hé théng

e Viéc lva chon bd trich xuat di liéu &nh huéng nhiéu
t6i két qua cua Faster R-CNN nhung it anh hudng téi SSD

Trong phan thyc nghiém, yéu t6 chinh xac duwogc dat I1én
hang dau, vi vdy mang Faster R-CNN duwogc chdng t6i lua
chon dé lam déi twong thir nghiém. Biém cai thién I6n nhat
cla Faster R-CNN so v&i cac mang thé hé trudce la Fast R-CNN
la tdc dd. Thay vi sir dung cac phuong phap cham chap nhu
Selective Search va Edge Boxes, Faster R-CNN st dung mét
mang hoc sau rat nho dé dé xuét cac khu vuc wu tién.

Sau khi thyc hién cac thi nghiém da mo ta & trén, ching
t6i quyét dinh xay dwng hé théng nhan dién xac dinh dam
khoi bidng md hinh FasterR-CNN v6i mang trich xuét dac
treng la ResNet-50. Liu do tong thé clia qué trinh cai thién
kha nang phat hién dam chay bang hinh anh dwoc mé ta
trong hinh 7. Sau 50 1an hun luyén, mdi lan hudn luyén c6
6000 vong lap, do chinh xac ching t6i dat dwgc khi thir
nghiém véi bo dir liéu xay dung & trén 1a 89,7% va qua trinh
phat hién duy tri tdc do xt ly 0,45ms. Két qua khi thir
nghiém hé théng véi mot camera giam sat thuc dwgce hinh
hoa trong hinh 8.

Hinh anh khoi thit
e T
HihanhKboigialp — —— pin FagterR-
. (NN
Hinh i Khing o ki fuén
Camera | Video May Hinh anh | Mg hinh nhin Két luin v cinh
giim it chi dang chay )

Hinh 7. Luu d0 xay dung hé thong nhan dang dam chay

Hinh 8. Két qué thuc nghiém hé thang véi moi truong thue
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5.KETLUAN

Trong bai bao nay chlng t6i dd mé ta hé thdng nhan
dang, cadnh bao sém dam chay théng qua phat hién dam
khéi str dung cong nghé hoc may. Hé thong dwoc xay dung
tlr nhu cau thuc thé, tan dung hé théng phan citng pho
thong nhu camera gidm sat, cdm bién nhiét d6 dé am..
Cong nghé hoc may duoc (Png dung nham ting kha nang
cling nhw dd chinh xac cho hé théng. Van dé thiéu hut dir
liéu cho qué trinh huén luyén duoc khic phuc théng qua
viéc st¢ dung hinh &nh khoi nhan tao. Cac céng nghé, ky
thuat cap nhat clia hoc may trong bai toan nhan dién, phan
loai hinh &dnh da dwgc ching ti thir nghiém, danh gia. Véi
thic trang vé chay nd hién tai va qua cac phan tinh vé céc
hé théng dang st dung hé théng hita hen céi thién dwoc
hiéu qué, giam thiéu thiét hai. Trong tvong lai, hé théng sé
tiép tuc dwgc phat trién két hop nhan dién khoi va lira dong
thoi nham ting kha nang phat hién dam chay trong nhirng
diéu kién khac nhau.

LOI CAM ON

Nghién ctru nay duoc ho tro bdi Bd Khoa hoc va Cong
nghé trong dé tai "Khai thac sang ché trong Iinh vuc xt ly
va nhan dang anh nham (ng dung giam sat, canh béo
chay", hgp dong s6 01/2019/VSCCN-DTCB.
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