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Abstract. Monitoring and warning of drowsiness of the driver is essential in reducing road
traffic accidents. In this article, the author presents a study on manufacturing and testing
wearable devices to detect and to warn driver drowsiness. Active filters, signal processing
circuits, and microcontroller algorithms implemented on the devices are designed to calculate
the driver's heart rate based on ECG signal which is obtained from a soft pressure sensor
mounted on the wrist. The equipment is verified and compared to the accuracy of Xiaomi
miband 3. Drowsiness will be detected on the basis of a driver's irregular heartbeat. The
results from the test with car driver on the road show that the wearable is able to detect and
alert through sound when detecting driver drowsiness.
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Tom tat. Giam sat, canh bao tinh trang ngu gat cua lai xe 1a hét stc can thiét trong giam tai
nan giao thong duong bd. Trong bai béo nay, tac gia trinh bay nghién ctu ché tao va thir
nghiém thiét bi deo nham phéat hién va canh bao tinh trang budn ngu cua lai xe. Bo loc tich
cuc, mach xu ly tin hiéu, thuat toan cho bo vi diéu khién duoc tich hop trén thiét bi deo nham
tinh toan nhip tim tir tin hiéu dién tim ECG do trén c6 tay cua lai xe. Thir nghiém tai phong thi
nghiém cho thay, thiét bj co d6 chinh xac twong dong véi thiét bi do nhip tim Xiaomi miband
3 trén thi truong. Tinh trang budn ngu s& duoc phat hién trén co s xac dinh nhip tim cua l4i
xe khi nho hon mirc ngudng. Két qua thir nghiém trén duong thyc té cho thay thiét bi deo co
kha nang phat hién va canh bao qua &m thanh khi phat hién lai xe ngu gat.

Tir khéa: Phat hién budn ngu, an toan giao thong, thiét bi deo

© 2019 Truong Dai hoc Giao thdng vdn tdi

1. PAT VAN PE

Lai xe budn ngu dé cap dén hién twong ngudi 1ai xe rdi loan chirc ning tim 1y va sinh 1y
sau khi l4i xe lién tuc, ddn dén hién teong mat kiém soét lai xe dan dan va lién tuc [1]. L&i xe
khi budn ngu 1a mot trong nhitng nguyén nhan chinh gay nén céc vu tai nan giao thong duong
bo tai Viét Nam ciing nhu trén toan thé gisi [1-3]. Vi vay giadm sat, canh bao tinh trang budn
ngu, nga gat caa lai xe 1a hét sic can thiét. Bang 1 théng ké cac phuong phéap canh béo lai xe
budn ngu trong ca nghién ctru co ban va cdng nghiép [1,4]. Dudi goc do ky thuat, giam sat
trang thai budn nga/ngu cua cac lai xe dua trén:

- (1) Théng tin cu thé v& hanh vi 1ai xe (goc vo lang, do léch lan duong) [5];
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- (2) Tin hiéu phan ung sinh Iy cua lai xe (chuyén dong cia méat, khuén mat) [6];
- (3) Tin hiéu sinh ly cua lai xe (tin hiéu EEG, ECG, EMG) [7-9].

Trong d6, hai phwong phap dau co ban 1 gian tiép, vi du dé phét hién budn ngu cua tai xé
dua trén phan wng sinh ly qua viéc tinh toan ty 18 dong mi mat hay méi theo thoi gian bang
thuat toan xir ly hinh anh [6]. Phuong phéap nay c6 han ché 1a d& bj canh bao nham trang thai
boi vi mat, mdi caa lai xe van c6 kha niang di chuyén mét cach tu nhién ngay ca khi khong
budn ngu vi du dui mét, ndi chuyén,...; ngoai ra, tai nguyén thiét bi phan ciing phuc vu bai
toan xir Iy anh thoi gian thuc nhu bo nhé, bo vi xt 1y 1a phic tap va ton kém, pht hop phéat
trién thir nghiém véi nhitng tap doan 6 t6 16n nhu Ford, Toyota, Mercedes-Benz,...

Béng 1. Tong hop mét sé phwong phdp canh béo li xe buon ngq.

Phwong Nguén tham khao Cam bién Tham so6 Cong cu Chi phi
phap canh bao R&D
Ford [1] Camera Vi tri lan xe Am thanh Cao
. .z .| Thay doi bat A
Mercedes-Benz [1] Cfl m bien gan thuong cua vo A:m tt]anh- Cao
vO lang 13 hinh anh
ang
Q) i A Thay doi bat A i
Volkawagan [1] Cfl m bien gan thuong cua vo Am tt)anh Cao
vo lang N hinh anh
lang
Camera va Thay doi bat A
Volvo [1] cam bién gan | thuong cua vo Am thanh- Cao
A 1x < hinh anh
v0 lang lang
2 Toyota [1] Camera Th ay\(?léi’mét va Am thanh Cao
dau tai x8
Thay doi bat A )
3) Nhém [7-9] bién tim ECG | thuong cta nhip | Am thanh Thap
tim lai xe

Mt khac, xay dung hé théng canh bao trang thai budn ngu trén co s& phuong phéap do
truc tiép théng qua viéc xu Iy tinh hiéu dién tim ECG ngay cang duoc chd y nghién ctu phét
trién. Céc nghién ctru chi ra, nhip tim con ngudi bat dau giam so véi trang thai hoat dong binh
thuong khi co thé budn nga: Nhip tim cua lai xe ¢ tudi truong thanh khoang 61 dén 80 BPM:;
lai xe s& budn nga hoac mét méi nhip tim 1a 50 dén 60 BPM [9,10]. Dya vao yéu t6 ngay,
nhip tim cia tai xé dwoc xac dinh muc ngudng nhat dinh tuy tung ngudi, khi dudi muc
ngudng s€ dua ra canh bao. Bén canh viéc xac dinh dugc trang thai mét cach truc tiép, husng
tiép can hay con don gian va co gia thanh ré hon hai phuong phéap néu trén. Nhitng nam gan
day, cac thiét bj do dudi dang deo hoic gan trén co thé ngudi da thu hat dugc nhiéu su quan
tdm nghién ctu bai vi chang rat hitu ich cho viéc theo ddi suc khoe [11]. Thiét bi deo da
khang dinh vu thé ndi bat véi cac dic tinh 1a nho gon, don gian va linh hoat trong sir dung.
Trong nghién ciu gan day, nhém nghién ctiu ching t6i da thanh cong trong viéc ché tao thiét
bi do nhip tim sir dung cam bién &p luc hiru co véi cdng nghé don gian va hoan toan cha dong
[11]. Trong bai bao nay, tac gia trinh bay nghién ciru Gtng dung cua thiét bi do trong linh virc
an toan giao thong. Thiét bi duoc cai tién thiét ké dé cd thé phi hop dé deo trén tay 1ai xe
nguoi Viét Nam. Khi hoat dong lai xe trén dwong, nhip tim sé lién tuc dugc theo ddi va so
sanh véi mic ngudng budn ngi/nga. Khi nhip tim nho hon mic ngudng budn ngu, lai xe s&
duoc canh béo thong qua am thanh phat ra tir thiét bi, tir d6 1ai xe s& dung l4i tranh nguy hiém
cho ban than va nguoi tham gia giao thong.
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2. THIET KE VA CHE TAO THIET BI

2.1. Thiét ké téng thé

Mach xir Iy

Cim bién

Hinh 1. Thiét ké tong thé thiét b; deo canh béo buon ngui.

Mt trén thiét bi

Mach dién

Niit ngudn

Atmega 328

/

Hinh 2. Sdn pham sau thiét ké va ldp dat thir nghiém cho 1ai xe.

Thiét ké thiét bi deo canh bao budn ngu dugc mé ta ¢ hinh 1. Tong the, thiét bi duoc thiét
ke cd hinh dang giong véi thiet bi deo pho bién trén thi truong hién nay gom cam bien mém
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gan trong day deo. Day deo c6 vai tro két ndi cac khdi va gitr cho phan co khi duge dam bao
deo trén cb tay va co thé 1ai xe binh thuong, mach xu ly, hién thi gia tri va loa canh bao dugc
dat trong cung khéi. Thiét bi hién thi st dung module OLED nham giam tiéu thu nang lugng
t6i da cho thiét bi. Loa canh bao sir dung loai loa ve (buzzer) dé dam bao nhé gon va phu hop
sir dung trong khong gian phuong tién va khéng gay nhidu tiéng on cho phuong tién giao
thong khéc khi luu thong.

Hinh anh san pham sau thiét ké va lap dat thir nghiém cho 14i xe thé hién & Hinh 2. San
phdm ¢ mot s6 tinh nang nhu: c6 kich thudc nhé gon, d& théo Iap, khdng gay khé chiu cho
|4 xe, va c6 thé hoat dong duoc lién tuc 2 ngdy méi phai sac pin. DBé thuc hién viéc do tu
dong nhip tim thi phan xa 1y tin hiéu twong tw va chuong trinh cho chip diéu khién la quan
trong nhat va duoc trinh bay trong cac phan tiép theo.

2.2. B9 loc twong tw

Tin hiéu nhip tim do trén c6 tay thdng qua mach trén co tay co bién do ¢& pV, do vay
chiu tac dong kha 16n caa nhiéu tan sé thap tir: dao dong cac bo co, dich chuyén cua co thé
ngudi va cac nguon nhidu dién tir bén ngoai khac nhu tir phuong tién giao thong, thiét bi dién
tar, tr trudng trai dat,.. Do vay khau loc tin hiéu tuong tu ngay sau khi do 1a cuc ky quan trong
nham dam bao d6 chinh xac cua viéc xac dinh nhip tim Iai xe.

Nhip tim nguoi truéng thanh nam trong khoang tir 40 BPM (~0,66 Hz) dén 160 BPM
(~2,66 Hz), tuy thudc vao cac trang thai hoat dong [8]. Nhu vay, dé khong lam mét thdng tin

dién tim, can st dung mach loc thong dai. Bac tinh mach loc théng dai can thiét véi tan so cat
fu va fL phu hop twong tng la 0,66 Hz va 2,66 Hz dugc mo ta ¢ hinh 3.

A (dB)

>f (Hz
fi,= 0,66 f,=2.66 ()
Hinh 3. Ddc tinh mach loc thdng ddi can dé loc tin hiu dién tim cua 1ai xe.

Mt khac, dé c6 thé thuan lgi trong viéc tich hop trong thiét bi deo, mach loc RC véi IC
khuéch dai thuat toan LM 324 (Texas Instruments) duoc lwa chon do c6 két cau nho gon so
vé6i céc loai kién trdc mach loc khéc. So dd mach nguyén ly minh hoa & Hinh 4a. Linh kién
dugc tinh todn nhu sau: khau théng cao bao gom dién tré Riz, tu dién Ce va 6 tan so cat

1
R.Ce

o, =2xf, =

1)

Pé tan sd cat fy = 0,66 Hz, tir cong thirc (1) va cac tham sé linh kién trén thi trudng, Riz = 47
kQ va Cg = 4,7 uF duoc lya chon. Tuwong tu véi khau loc thong thap cong thuc (2), gid tri cac
linh kién dugc chon nhu sau: Ris = 680 k2 va Cg = 100 nF

1

o =2xf =

)

68
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Phiin khuéch dai

a
(a) e N T —=—A~ ICIA
: | Jf 3 I‘iMEQ-ﬂ
In ) S
: 4.7l I 2 : Cut
R12 R 13 !
| 47k] [26.8k = ||
: P : I
Mach locthéng can ™ o0 ] AR
Tin hiéu sau
mach loc tich
ciec théng giai
Tin hiéu ban
dau sau khi

qua cam bién ——p

Ltilities

258ms ROLL DGE  FAC
SHZ

=h

Hinh 4. a, So' dé nguyén ly bé loc tich cuc. b, Tin hiéu do dwoc tir mét tinh nguyén vién 24 tugi tai
Phong thi nghiém Truong Pai hoc Giao théng vdn tai.

Hinh 4b biéu dién tin hiéu nhip tim do lay tir may hién séng trudc va sau mach loc. C6
thé quan sét thay rat ro rang Ia: tin hiéu nhidu hoa tron cuing tin hiéu chinh lam mat thong tin
cua tin hiéu can do; nhung sau khi qua mach loc tin hiéu véi chu ky tuan hoan phan anh hoat
dong binh thudng cua tim. Qua day co thé thay mach loc duoc thiét ké phi hop va dung dén.

2.3. Chwong trinh cho bd vi diéu khién

Tin hiéu twong ty sau loc s& dugc chuyén thanh tin hiéu sé va s& tiép tuc dugc xu ly boi
bo vi diéu khién ATmega328 cua hdng Microchip Technology. Ho vi diéu khién nay hoat
dong voi cong suat va kich thudc thap rat phi hop vai viéc ché tao thiét bi deo. So do khdi
mo ta chirc ning ciia chwong trinh vi diéu khién duoc mé ta trén Hinh 5. Sau khi kich hoat
chuong trinh (khi bat hay reset lai), module hién thi OLED duoc khai tao va sé lidu do trudc
d6 dugc x6a dé dam bao hé théng khong hién thi nham gia tri. Chwong trinh ngat con s& ludn
thuoc hién quét tin hiéu tir ADC dé tinh toan nhip tim va hién thi Ién module OLED. Gi4 tri
nhip tim tinh toan (HR) sé dugc ludn so sanh véi nhip tim ngudng (HRw). HRw S€ dugc cai
dat vai mdi tai xé khac nhau. Khi nhip tim hién tai nho hon HRw, hé thong s& tu kich hoat
canh bao trén loa cho dén khi lai xe tat nat canh bao.
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Khoi tao cac bién
Khat tao OLED

!

X6a dit liéu ban dau

Lay dix liéu tir

treong trinh xw 1y
ngat con
Tinh toan nhip tim %ﬁchl-
Phat hién bat thuong

Hinh 5. So' d6 khéi chitc nang ciia chwong trinh vi diéu khién.

3. THU NGHIEM
3.1. Thir nghiém trong phong thi nghiém

v

Hinh 6. Két qua do thir khi so sanh véi thiét bi Xiaomi miband 3.
Trugc hét, thir nghiém so sanh do chinh xac cua thiét b do v6i thiét b c6 trén thi truong
cta hang Xiaomi (miband 3) dugc thuc hién trong dieu kién phong thi nghiém. Tinh nguyén
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vién tudi tir 22 dén 40 gém ca gii tinh nam va nit dugc lya chon dé thir nghiém. Dé dam béo
tinh déng nhat, ca 2 thiét bj duoc stir dung dé do nhip tim cung mot thoi diém bang cach deo
vao hai tay cua tinh nguyén vién nhu thé hién & Hinh 6. Bang 2 tong hop két qua céc lan do
khi cé&c tinh nguyén vién ¢ diéu kién 1am viéc binh thuong hay di chuyén cham trong phong.
Tir hai thiét bj cho thay két qua tuong ddi gidng nhau, qua d6 c6 thé nhan thay thiét bi thiét ké
ché tao & day co do tin cay kha cao.

Bdng 2. Két qua do cua thiét b deo so sanh véi thiét bj thirong mai.

STT Gigi tinh Tudi Thiét bi do phat trién Xiaomi miband 3
1 Nam 22 72 70
2 Nam 40 72 71
3 Nir 30 78 78
4 Nir 38 80 79

3.2. Thir nghiém véi lai xe

Nhu di trinh bay & phan dat van d¢, trong khi budn nga/ngi, nhip tim ngudi 1ai xe s& bat
dau cham lai, yéu t6 ngay dugc s dung dé dua ra canh béo tir thiét bi. Do mdi ngudi co dic
th tdm sinh ly khac nhau, can phai thir nghiém voi timg ngudi cu thé véi quy trinh nhu sau:
truéc hét gia tri trung binh cua nhip tim, dé tim xac gia tri ngudng HRwn; sau d6 cai dat vao
phan mém cho vi diéu khién va tién hanh thir nghiém. Do diéu kién vé kinh phi va thoi gian,
trong budc nay nhom chi thir nghiém duoc véi 1 1ai xe d6 1a 14i xe c6 gidi tinh nam, 35 tudi
sizc khoe binh thuong. Nhip tim ¢ c4c trang thai budn ngi/ngu va binh thudng cia ngudi nay
duoc do kiém mot s6 1an (Bang 3) dé xac dinh gia tri nguong HRu = 55. Dya vao sb liéu nay,
chuong trinh dwoc cai dat véi gia tri ngudng HRu = 55. Lai xe dugc deo thiét bi va thir
nghiém trong 1 thang tai khu vuc Ha Noi va 1an can. Thiét bi dinh vi cling camera gan trén xe
cho phép kiém tra so sanh duoc két qua va xac dinh thoi gian méi 1an canh béo.

Bdng 3. Két qua do nhjp tim cua l4i xe 35 tugi trong nghién cizu nay.

Trang thai Lan 1 Lan 2 Lan 3 Lan 4 Trung binh
Budn ngu/ngu 56 54 55 55 55
Binh thuong 82 84 84 86 84

Binh thuong Budn ngi/ngu

Hinh 7. Mét s6 hinh anh thi nghiém véi 14i xe 35 tugi trén dwong Ha Néi.
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Bdng 4. Két qua do cua thiét bi deo so sanh véi thiét by thiong mai

Ca Thoi gian ghi nhgn dé ligu the bj chinh xéac
Sang 7:30-11:30 54%
Chiéu 12:30-19:30 62%

Mot s6 hinh anh thu dwoc khi l4i xe & trang thai binh thuong, hay budn ngu thé hién ¢
Hinh 6. Tong sb khoang 40 lan canh bao duoc ghi nhan tir 14i xe va duoc phan theo khung gio
séng va chiéu trén Bang 4. C6 thé thdy do chinh xac chua thyc su cao chi khoang 54% va
62% tuong Gng voi thoi gian théng ké sang va chiéu. Thoi gian budi chidu c6 do chinh xéac
I6n hon, diéu ndy c6 thé theo khoang thoi gian sau gid trua 1a thoi gian d& budn ngu trong
ngay. Sai s6 van khé 16n hién nay dén tir cac nguyén nhan: S6 mau do va phan tich tur 14i xe
chua nhiéu; d6 tin cdy cua béo cdo tir nguoi 1ai xe. Cac truong hop canh bao 18i duoc ghi
nhan: Tai xé nghi ngoi binh thudng; dimg xe dé ngu (khong lai).

4. KET LUAN

Bai bao trinh bay mot s két qua ban dau vé nghién ctru ché tao va thir nghiém thiét bi
deo nham phét hién va canh bao tinh trang buon ngu cua lai xe. Nhip tim cua lai xe duge do
lién tuc thong qua cam bién ap lyc mém gan ¢ ¢0 tay. BO loc tich cuc, mach xtr 1y tin hi€u,
thuat toan cho bo vi diéu khién dugc thiét ké nham tinh toan chinh xac nhip tim cua 1ai xe.
Tinh trang budn ngu dugc phat hién trén co s¢ xac dinh nhip tim bét thuong cua lai xe. Thiét
bi duoc kiém chimg va so sanh d chinh xéc véi cac thiét bi chuyén dung ban trén thi trudng.
Tuy d6 chinh x4c chwa cao khoang 54 %, két qua thir nghiém trén dudng cho théy thiét bi deo
c6 kha nang phat hién va canh bao qua am thanh khi phat hién 1ai xe ngu gét. Trong thoi gian
t6i, thiét bi s& tlep tuc dugc nghién ciru thir nghiém va cai tién nham nang cao d6 phu hop, do
chinh xac cua thiét bi canh bao véi 1ai xe 1a ngudi Viét Nam.
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