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Drowsy driving often causes serious accidents, affecting both people
and economic assets. With the aim of enhancing safe driving
experience, reducing traffic accidents and minimizing life loss, the
driver monitoring and drowsiness warning system has been attracting a
lot of research and promising results. However, current methods often
require high-performance hardware and complex computations.
Therefore, this study presents an effective and simple drowsiness
warning system applied to cars. The system consists of a compact
Raspberry Pi embedded computer, a camera placed in front of the
driver's position, and a warning speaker. Frames captured from the
camera will be analyzed to detect driver's drowsiness and issue timely
warning to the driver. In addition, the system's data will be sent and
stored on the server, which can be accessed through both mobile app
and website platforms. Experimental results show the effectiveness of
the proposed model.
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Nguoi lai xe ngu gat khi lai thuong gay ra cac vu tai nan nghiém trong,
anh huong dén ngudi ciing nhu tai san kinh té. V&i myc tiéu nang cao
trai nghiém lai xe an toan, giam thiéu s6 vu tai nan giao thong va han
ché thiét hai vé tinh mang, hé thong giam sat ngudi l4i va canh bao ngu
gat dang thu hat nhiéu nghién ciu va day haa hen. Tuy nhién, nhiing
phuong phép hién tai thuong yéu cau vé phan cimg phai ¢6 hiéu ning
cao va viéc tinh toan phtc tap. Do d6, nghién ciru nay trinh bay hé
thdng canh bao ngu gat tng dung trén 6 td hiéu qua va don gian. Hé
thdng ndy gdm mot méy tinh nhiing Raspberry Pi nho gon, mot camera
dat trudc mat vi tri nguoi 1ai xe va loa canh bao. Cac khung hinh dugc
tach tir camera s& duoc phan tich xem tai xé c6 ngu gat hay khéng tir d6
phét ra canh béo sém cho tai xé. Ngoai ra, cac dit liéu cua hé thong s&
duoc gui va luu trix tai server. Ngudi dung c6 thé tra ciru trén 2 nén tang
tng dung 1a nén tang thiét bi di dong va website. Cac két qua thuc
nghiém cho thay tinh hiéu qua ciia md hinh nay.
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1. Giéi thiéu

Ngudoi lai xe ngu gat khi lai thuong gay ra cac vu tai nan nghiém trong, anh huong dén nguoi
cling nhu tai san kinh té. Trong cac cude tham do do T chic Giac ngu Quoc gia va cac to chic
khéc thyc hién, khoang 60% tai xé thira nhan lai xe trong khi cam thay buon ngii, khoang 40% da
gat dau hodc ngu thiép di khi lai xe trong ndm truéc va khoang mét phan tu bao cdo 1ai xe budn
ngu it nhat mot lan mdi thang. Trong s6 thanh thiéu nién, 50 dén 70 phan tram thira nhan lai xe
budn ngu trong ndm qua va 15 phan trim bao cdo 1am nhu vay it nhat mot lan mdi tuan. Budn
ngu tu bao cdo trong khi 1ai xe ¢6 lién quan dén sy gia ting 2,5 1an nguy co tai nan xe co gioi
tuong d6i. Lai xe budn ngi chiém khoang mét trong sau can nguyén tai nan nghiém trong va mot
trong tam cin nguyén tai nan dan dén nhap vién tai xé hoac hanh khach. Ty 1¢ phan trim cao nay
phl hop vai viéc quan sat cac vu tai nan lai xe budn ngu xay ra ¢ téc do cao, ma khong cé céc
thao tac tranh né nhu phanh hodc chuyén hudng, c6 thé giam thiéu mic d6 nghiém trong cua tai
nan [1]. Hinh 1 thé hién sé liéu théng ké vé tinh trang mét mai, budn ngu khi lai xe [2].

=
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Hinh 1. S¢ lidu thong ké vé tinh trang mét mai, buon ngu khi lai xe [2]

Vé6i muc tidu nang cao trai nghiém lai xe an toan, giam thiéu sb vu tai nan giao théng va han
ché thiét hai vé tinh mang, h¢ thong giam sat nguoi lai va hanh khach (Driver and Occupants
Monitoring System - DMS) duoc VinAl phat trlen voi cac gidi phap thong minh trong khoang Xe.
Hé thong giam sat nguoi 1ai dugc thiét ké bao gdm camera hong ngoai, chip xir ly hd tro tri tué
nhan tao (Artificial Intelligence - Al) va loa phat am thanh canh bdo nguoi lai. VinAl tng dung
cac két qua nghién ctu vé thi giac may tinh va hoc may, tich hop vao trong san pham hé thdng
gidm sat nguoi lai. Bén canh do, hé thong nay két hop cong nghé theo dai tu thé dau, nhan dién
trang thai dong mo mit va dau hiéu trén guong mit dé cho ra két qua xu Iy Al véi do chinh xac
cao va te do xir Iy theo thoi gian thuc [3].

Hién nay, mang no-ron sau (Deep neural networks) dang duoc nghién cuu tich cuc va cdc mo
hinh hoc sdu da duoc st dung rong rii trong linh vuc thi gidc méy tinh. Hoc sau c6 nhiing loi thé
dang ké so véi phan loai d6i twong truyén thdng. Do d6, cong nghé Al trén 6 to dwoc ung dung
va phét trién tich cyc, day hira hen va thu hat rat nhiéu nghién cau [4] — [9]. Nhom téc gia Magén
[6] da d& xuat mot phuong phap dé phat hién lai xe ngu gat. Phuong phap nay str dung cac chudi
hinh anh dai 60 gidy va dwoc ghi lai hinh anh khudn mat. Dé phat hién xem ngudi lai xe c6 biéu
hién budn nga hay khong, phuong phap nay két hop hai giai phap thay thé dé phat trién, tap trung
vao viéc giam thiéu cac két qua duong tinh gia. Phu’O’ng 4n dau tién sir dung Mang no-ron hoi quy
va tich chép, trong khi phwong an thtr hai sir dung cac ky thuat hoc sau dé trich xuat cac dac
trung s tir hinh anh, sau d6 dugc dua vao hé théng duya trén logic mo. Nhom tac gia Alshagaqi
[7] da dé xuat mot mo-dun cho hé thong hd tro nguoi 14 tién tién. Hé théng nay xir 1y tinh ning
phét hién budn ngu ty dong cua nguoi lai xe dwa trén thdng tin hinh anh va tri tué nhan tao. Céc
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tac gia da dé xuat mot thuat toan dé xac dinh vi tri, theo ddi va phan tich ca khudn mat va mit cua
ngudi 1ai xe dé do PERCLOS - mét bién phap duoc khoa hoc ching minh 1a budn ngu lién quan
dén viéc nham mat cham. Nhom tac gia Alioua [4] da dé xuat mot hé théng hiéu qua va khong
xam nhap dé theo ddi su mét moi ciia nguoi 1ai xe bang cach sir dung trich xuat ngap. So d6 duoc
dé xuat str dung may vecto hd trg (SVM) dua trén trich xuat khuoén mat va mot phuong phap méi
dé phat hién miéng duoc &p dung trén cac ving duoc trich xuat. Tuy nhién, nhitng phuong phap
nay thudng yéu cau vé phan cang phai ¢6 hiéu niang cao va viéc tinh toan phuc tap.

Do d6, nghién ciru ndy trinh bay hé thdng canh béo ngu gat tng dung trén & t6 hiéu qua va don
gian. He théng nay gdm mot may tinh nhing Raspberry Pi nho gon, mot camera dat trudc mat vi tri
ngudi lai xe va loa canh bao. Cac khung hinh duoc tach tir camera s& dugc phan tich xem tai xé 6
ngu gat hay khong tir d6 phat ra canh bao sém cho tai xé. Noi dung con lai cua bai béo nay s& dugc
b cuc nhu sau: Muc 2 mé ta chi tiét vé& hé thdng canh bao ngu gat. Muc 3 trinh bay céac két qua
thuc nghiém. Cudi cting, Muc 4 1a phan két luan va dinh huéng phat trién nghién céu.

2. Mb hinh hé théng canh bao nga gat
2.1. Céu trac hg théng

G dar liéu

server

Hé thing
canh bdio

3 P -
Anh dau vao:

Kich thudc: 256x256

Canh bio tai xé

Hinh 2. Téng quan vé mé hinh hé thong canh béo ngu gt

Téng quan cua md hinh hé thong canh bao ngu gat dé& xuat duoc thé hién nhu trong Hinh 2.
Dir liéu ddu vao 14 cac video giam sat ngudi lai xe duoc thu thap tir camera dt trude vi tri ngudi
1ai. Pau tién, chang t6i thyc hién trich xuét cac khung anh lién tiép tir video dau vao dé thuc hién
phan tich trén cac khung anh d6. Cac khung anh nay sau d6 duoc tién xu 1y, nhu chuyén sang anh
da murc x4m va lam min anh, xac dinh vi tri khuén mat, xac dinh vi tri méat va miéng trén khudn
mat. Tiép theo, trich chon dic trung & mdi khung anh. Mot md hinh mang no-ron tich chap
(Convolutional Neural Networks - CNN) dugc dé xuat dé thuc hién viéc phan tich nay. Két qua
1a xac dinh duoc trang théi caa ngudi lai xe. Cudi ciing, khi phat hién trang thai ngu gat cua lai xe
thi hé thong sé& thuc hién canh béo bing loa. Ngoai ra, céc dir liéu cia hé thdng s& dwoc giri va
luu trit tai server. Nguoi ding cd thé tra ciru trén 2 nén tang tng dung la nén tang thiét bi di dong
va website (Hinh 3).

2.2. Tién xa ly

Trong phan nay, chlng toi s& thuc hién tién xir Iy anh dau vao. Hinh 4 mé ta quy trinh thyuc
hién tién xir ly. Sau khi tach khung anh tir camera, ching toi thuc hién loc nhidu bang bo loc
Gaussian. Tiép theo, khung anh nay s& duoc chuyén sang anh da cip xam. Thu vién OpenCV
[10] dugc sir dung dé thuc hién viéc tién xa ly nay. Cudi cing, thuat toan Haar Cascade [11],
[12] duoc sir dung dé phat hién khudén mat va vi tri mit, miéng. Thuat toan Haar cascade 14 mot
thuat toan phat hién doi tugng trong hinh anh. Thuat todn nay dwoc phat trién boi nhém nghién
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ctru Paul Viola va Michael Jones vao nam 2001. Thuét toan nay dugc st dung rong rai trong cac
ng dung nhan dién khudn mit va déi twong khéc trén anh. Thuat toan Haar cascade hoat dong
bang cach xac dinh cac dic trung (Features) dc biét trong hinh anh bang céch sir dung b loc Haar.
Bo loc Haar duoc sir dung dé tinh toan cac gié tri dic trung ciia mot ving trong anh. Sau dé, mot bo
phan loai duoc st dung dé x4c dinh xem dbi trong cd ton tai trong ving d6 hay khong.

Process data & cloud computing

Handle data .
63\-9 é %

Tracking and
recommendation
purpose

Anh diu vao Gaussian blur Pa cip xam

—— = Phat hién
Phat hién mat

Khuoén mat
Hinh 4. M6 ta cdc buéc tien xit Iy
2.3. Phan tich

Trong phan nay, ching ti d& xuat mot mé hinh mang CNN don gian dé trich chon dic trung
trong anh va tir d6 xac dinh dugc trang thai cua nguoi lai xe. Mot mang CNN duoc ciu tao boi
nhiéu 16p, bao gdm Iép dau vao, céc 16p tich chap, 16p pooling, 16p két ndi day du va lép dau ra.
Cac 16p nay thuc hién cac phep tich chéap (convolution), phép ldy mau (pooling) va phép két ndi
day du (fully connected) de tao ra mot md hinh hoc may c6 kha  nang phan loai anh. Hinh 5 thé
hién cau tric mé hinh mang CNN dugc dé xuat. M6 hinh nay gém 16p dau vao, 9 16p an va lop
dau ra. Anh dau vao s& dugc dua vé kich thudc 256x256. Pha phan tich trai qua 9 16p gdbm 3 I6p
tich chap, 3 16p max pooling, 1 16p phang va 2 16p két ndi day du.
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[[com2d_mput [ input | [None. 256. 256, 1] |
[ mputLayer | output: | [Nome. 256, 256, 1)] |

[[comv2d T mput | vone. 256.256.1) |
[ Conv2p | output: | aNone. 256. 256, 32) |

| max_poolng2d l mput I (None, 256, 256, 32) ]
[ MaxPooling2D | output: | (None, 125, 128, 32) |

[[convzd_1 T nput: | (¥one 125,125, 32) |

[ convzp | output: | aNone, 125,125, 64) |

[ max_pooting2d_t | iput | aNone. 125, 125. 64) |
[ MaxPoonep | output | (None. 64.61.64) |

[[convza2 T wput: | ovone. 64.64.64) |
[ Com2p | output: | oNone, 6464, 128) |

[‘max_pooling2a_2 | mput: | aNone. 64.64.125) |
[ MaxPoolngzD | output: | aNone. 32.32,125) |

[ atten T imput: | oNone. 32.32.128) |
| Fratten | output: |~ aNone. 131072) |
[ dense | wput | oNone. 131072) |
[ Dense | output (None, 64) |
[[dense_1 T wput. | ovone. 64 |
O s s G s s | Dense | output: [ None. ) |

Hinh 5. M6 hinh CNNs d@é xudt
2.4. MO-dun canh bao

Nghién ctu thong qua hanh vi cua tai xé bai Maureen Short [13], chuyén gia vé yéu té con
nguoi va la ky su an toan cua Chvrolet chi ra rang: Dau higu mét moi trung binh s dién ra khi
moi 10 giay tai xé s& nham mét trong 1 giay. DAu hiéu nhan biét khi mét moi va sip nga gat khi
tai xé lién tuc nham mét to 2-4 glay VGi tuan suat cao. Vi vay, chung toi ¢ cac y tuong vé VIeC
dua ra canh béo néu tai xé nham mat vai khoang thoi gian trén. Do d6, ching toi quy dinh cir mdi
0,25 gidy ma tai xé nham mit thi s ting 1én 1 diém ngu gat, khi dat 15 diém s& phat ra canh bao.
Nguoc lai cir mdi 0,25 gidy tai xé mo mat thi diém ngu gat s& giam di 1 diém. Diém cang cao s&
phat ra canh bao voi am luong va tan sb 16n hon, su canh bdo s& khdng nging duy tri toi khi
diém nho hon 15 diém. Ching ta c6 thé thiy rang, diém nga gat nay khong cho phép tai xé cé
kha ning nhim mit qua lau, hoic nham mit thoi gian dai hon binh thuong véi tan suat Ion. Tt
ca cac truong hop tuong tu s& thé hién tai xé khong dam bao an toan lai xe. Tuy nhién, & mot s6
truong hop, nhu dic thi vé méi truong, do sang hay chit lwong ddu vao nhu camera s& anh
hudng dén chét lugng canh bao va sé liéu.

3. Két qua thwc nghiém
3.1. Két qud hudn luygn md hinh

Thiét bi phan ciing: Chang ti huan luyén mé hinh mang CNN trén méy tinh c6 CPU core i5
3.10 GHz, hé diéu hanh Windows 64 bit, RAM 16 GB, GPU (NVIDIA GeForce RTX 3050
Laptop GPU). M6-dun trién khai trén 6 t6 bao gom Raspberry Pi 4, Webcam Logitech C270 va
loa. Ngoai ra con hé théng ngudn va cac day cap két ndi nhu Hinh 6. Raspberry Pi 4 s& thuc hién
mo hinh mang CNN di duoc huan luyén dé trién khai hé thong.

Co so dir ligu hUan luyen: Co s¢ dir liéu nay dugc thu thap te nguon dir liéu [14]. Co s¢ dur
liéu huén luyén bao gém 2.900 anh (Hinh 7) thudc 4 16p d6i twong: mé mét, nhdm mit, ngap va
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khong ngép. Co s¢ dir liéu nay dugc chia lam 2 phan la tap di liéu huan luyén (Training dataset)
va tap dir liéu kiém thar (Testing dataset), vai s6 lugng tuwong tng la 2.467 anh va 433 anh.

Camera (®
Quet mat
Quét mat™\

Xir Iy va giri dir liéu vé server

Cap HDMI

Ngudn

g RO\ B R |

|
|

B Jor B

Hinh 7. Hinh anh minh hea dizu ligu hudn luyén trong co sé dir ligu

—— % mat mat husn luyén
®- 86 mst mat kiém thir

Gia tri mét mat
B0 chinh xac

Hinh 8. A¢ chinh xé&c ciza mé hinh trong qué trinh hudn luyén
Sau khi thu thap duoc co so dit lidu, ching toi s& tién hanh huin luyén mé hinh mang CNN.
Nhiém vu nay rat quan trong vi no anh huéng truc tiep den chat lugng cua h¢ thong dé xuat. Hinh
8 cho thay d6 chinh x&c cia mé hinh trong qua trinh huan luyén. B chinh xac dugc cai thién sau
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moi epoch; Két thac epoch thir 25, dd chinh xac ctia mo hinh dat & mirc cao, twong tng trén tap
dir liéu huan luyén va tap dir liéu kiem thir 12 0,916 va 0,888.

3.2. Pdnh gid két qud trong trién khai thyc té

Trong phan nay, ching toi thuc hién danh gia két qua hoat dong cua hé théng trong thuc té.
Hinh 9 cho thay két qua phan loai c4c trang thai chinh xéac va sb dlem tuong tng. Hinh 9(a) la
hinh anh l1ai xe mé mat. Két qua phan loai ding 14 mé (Open) va sb diém tuong tng 14 0. Do do,
trang thai canh bao 1a tinh tao, tic 1a khdng c6 tiéng kéu canh bao. Hinh 9(b) I hinh anh mit l4i
xe quay ngang. Két qua phan loai chinh xéc la nhdm (Close) va sb diém twong ung la 17. Vi vay,
trang thai canh bao 1a mat tap trung va c6 tiéng kéu canh bao. Twong ty, Hinh 9(c) 12 hinh l4i xe
nhim mit. Két qua phan loai dung 1a nhim (Close) va s diém tuwong ung 1a 19. Khi do, trang
thai canh béo 1a khong tinh tao va c6 tiéng kéu canh béo.

Cac Trang Thai Canh Bao

b) Mat tap trung  ¢) Khong tinh tao

Hinh 9. Minh hoa cac trang thai canh béo va sé diém tirong img

Nhu da dé cap ¢ trén, ching toi da xdy dyung app dién thoai cho phép ngudi dung truy cap va
quan ly dit liéu mot cach d& dang. App dién thoai s& duoc két ndi dén server, thuc hién nhiém vu
nhan dit liéu va truc quan hoa cho ngudi ding biét théng tin qua trinh 14i xe. Hinh 10 thé hién cac
diém ngu gat cua tai xé theo thoi gian thuc va sb 1an canh béo trong ngay ma tai xé cé dau hiéu
ngu gat. Ngudi dung c6 thé xem sé liéu ndy d& dang tir moi noi, khi c6 két ndi mang.

51 @ o

Nguyén Vi Hai
nvhai it tn@gmail com
0123456789

Thong tin ca nhan

Dia chi nha: S5 3 Phuting Tan Cuong
Nhém mau: A

Can cudce cong dén: 011248562451
Chi s& hru: Vinfast Lux 20H-15122

Hinh 10. App dién thogi
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Quy trinh hoat dong cuia hé thdng canh bao trén xe ¢6 thé hoat dong khong can mang, chi khi
tai xé c6 két ndi mang thi dir liéu s& dugc gui vé server. Bén canh nén tang thiét bi di dong,
chung toi da phat trién chuong trinh trén nén tang website cho phép ngudi ding c6 thé xem lai
cac dir liéu tryc quan, nhu Hinh 11. Nguoi dung c6 thé dé dang xem lai thong tin cac tuyén
duong di chuyén, vi tri dia ly va s6 diém trung binh trén mdi tuyén theo ngay. Sau qué trinh kiém
thir vé két qua két néi va xir ly dir liéu théng qua websocket (Hinh 12), dit liéu c6 xu hudng gui
vé server co do tré tir 0,3-0,6 gidy qua cac lan thir nghiém.

DATA OF DRIVER TRACKING IN THAI NGUYEN

Table of accidents

o
Location Accidents ~

Trung Virong, Thii Nguyén, Thai Ngu...
Ch Liing, Phi Luong, Théi Nguyén, Vi
Hoding Vin Thy, Phan Dinh Phing T...

QU37, Trung Vieong, Thinh ph Thi .

302 9485 9476 0356

The highest point in location

47,6

Locatiot
Chon pham vi ngdy ation

Average point

0 e
Tthg Bthg 11 9thg 1 10thg 11 Mg 11 12thg 11 13thg 11 g1 15thg 11 16thg 11 17thg 18thg

Hinh 11. Hinh anh s¢ liéu duwoc guri vé xir 1y server va truc quan trén nén tang website

Time: 2022-11-18 22:45:51.421113,Pointe
Got data:
Time: 2022 -18 22:45:52.032921,Pointo
Got data:
Time: 2022-11- 22:45:52.640731,Point2
Got data:
Time: 2022- :45:53.251123,Pointe
Got data:
Time: 2022 :45:53.858932,Point2
Got data:
Time: 2022-11- s :54.471740,Pointa
Got data:
Time: 2022 :45:55.079167,Point6

Got data:

Time: 2022-11- 22:45:55.685976,Point9

Got data:
Time: 2022-11- 2:45:56.298338,Point13
Got data:
Time: 2022 e - .905149,Point16
Got data:
Time: 2022-11- :145:57.517955,Point20
Got data:
Time: 2022-11- :145:58.124897,Point22

Hinh 12. Diz liéu duroc giti vé server
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4. Két luan

Nghién ctru nay trinh bay hé théng canh béo ngu gat tng dung trén 6 to hiéu qua va don gian.
Hé thdng nay duoc phat trién trén may tinh nhiing Raspberry Pi nhé gon. Chung t6i da xuat chon
md hinh mang CNN d¢é trich chon dic trung khuén mit va tir d6 xac dinh duoc trang thai cua
ngudi 14i xe. Ngoai ra, chiing t6i di phat trién chwong trinh trén 2 nén tang ing dung la nén tang
thiét bi di dong va website gitip ngudi dung cd thé tra cau dit liéu dé dang va truc quan hoa di
liu. Bén canh do, cac két qua thuc nghiém cho thay tinh hiéu qua cia mé hinh dé xuat. Trong
thoi gian toi, chiing toi dy kién tiép tuc cai tién hg thong canh bao dé tot hon, nhu dénh gid va lya
chon md hinh mang CNN tién tién; thay thé thiét bj phan ctng Raspberry Pi bang cac thiét bi c6
hiéu suét cao hon nhu NVIDIA Jeson. Cac vi tri lap dit camera va phan cang s& duoc t6i uu dé
nguoi dung c6 mot khong gian lai xe gon nhe, khdng bi anh huong.
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