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Drowsy Driving Detection and Monitoring Based On

EEG Signals and Global Position System

Student: Chian-Siang Lin Advisor: Dr. Jzau-Sheng Lin

Institute of Electronic Engineering

National Chin-Yi University of Technology

ABSTRACT

Drowsy driving is one of important factors to cause the car accident.
The parents usually worry about the traffic safe of their children. Therefore,
we proposed a drowsy detection and monitoring system through Internet in
this paper. Firstly, the brain wave was captured by single channel EEG
device. Therefore the drowsy state of driver can be analyzed by drowsiness
detection system. The system will alert the driver when the drowsy state is
detected. The car’s position is also obtained by GPS receiver. The driver’s
state and car’s position will be sent and stored in the web server through
Internet. The user simultaneously can monitor the cars’ position and drivers’
states on Google Map.

Keywords: EEG, drowsy detection and monitor, GPS receiver, Google

Map.
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MRk gt 0 1912 & #® K 4 =& p(Vladimir Vladimirovich
Pravdich-Neminsky) 15 7 % — @B >t ef 1 &P G R BIE A BF T 2 o
1924 & » 48 72 T F 73 #rivf(Hans Berger) # — =X 3ok A 5 iy

T2 A PRSI REFF L o [19]-[20]

AR gd Bk A T A L0 A R L F(Cerebral cortex) ¥ F L

F o p AMER S F T Bz o o o] 5(Cerebrallum) ¥ & F
T A BEE A #giz (Brain Stem) ¥ § ef s o i B B fg(Thalamus)

¥ g ~EF o 5T #8(Hypothalamus) ¥ ¢ 888 ~ i ~ 4ok~ T
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Data Stream

BFES
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(1byte)

F S
(1byte)

] 2.6 Raw EEG T #.3% 7+ & Bl

# 2.2 Raw EEG a8 &

%rE (16 :84]) | mp
B 5 7S AA AA F5TF e AL
£ BI5 04 Tl e & & (bytes)
FER 2 /.
% 1 & byte 80 # 1 » Raw EEG
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% 2 1 byte % e byte #c
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B B A= B Ds(R % $ofs 8 B i==) (2-1)

b. Long EEG
GAFTHAD BB R RB TN FERAB/TES
TALE R A 5% 2byte ~ 1byte ~ 32byte ~ 1byte » F L2547 &

Bl4c™ B 2.7 #7771 > H 0 B4 23 977 o

Data Stream

BFES ~EE EEAE F S
(2byte) (1byte) (32byte) (1byte)

B 2.7 Long EEG T4l #: 5% 7 & @
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B 5 A AA AA %\ : 4 2 F o
+ R 75 20 g £ & (bytes)
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2.2GPS B2 GPS £ ¥
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Gobal Positioning System (GPS)#_— & fgrk 4k st i@ ¥ fE2 :
DIRAM H I AT OUH L 2IRFEE T Ao g p A Ed ERE S
ST RF R A o B AR 2 BIASTEA S AN
GRS ERAIRRA S r S INA . EINA gy i 24 4T h dofm A
EPF IR0 BhE e oI B 1B APk L B A sk
4B o XREVE 6 BT RETES BN 2 ERZ 4 FE U
AW R fRAEh QR YR 0 A gk 5 GPSHETE 0 v

® g GPS #Fh UL T o d 2B BT e Bonr o [11][24]

GPS firk 4 # au BLil ik 5 & f8 0 3 ¥ f£ 5 L1(1.57542 GHz) %2 L2
(12276 GHz) » 3 * & @ik eni & p 0 5 7 SRR AR #rig & gt
BLa R R PR GAL > RPN F L GPSELERFZIC4 B
v ek B F) gLk % 4 5 & % (Code Division Multiple Access)
7 VBT BAE o A kAR * chGPS e B E_ “HI-206 USB” » H F

4B 2.8 ~ B 2.9 #1o1 0 Rpdok 2.4 17 o
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] 2.8 GPS 42z E (HI-206 USB) *} jL[25]

39.90 mm

HAS mm

(€EFC

MADE IN TAIWAN

HI-206
GPS Receiver

HAICOM~

Model No :

| 4s.1s mm

] 2.9 GPS 42 1< % (HI-206 USB) *} j&.[25]
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% 2.4 GPS £ Jc B(HI-206 USB)#_ 1% % [25]
Items Description
Chipset GSP3F SiRF Starlll technology
Frequency L1, 1575.42 MHz
General C/A code 1.023 MHz chip rate
Channels 20
10 meters, 2D RMS
Position 5 meters 2D RMS, WAAS corrected
Accuracy <5meters(50%), DGPS corrected
Velocity 0.1 meters/second
Time 1 microsecond synchronized to GPS time
Datum Default WGS-84
Other selectable for other Datum
Reacquisition 0.1 sec., average

Acquisition Snap start 1 sec., average
;a;tea(tg)zz?-ySky Hot start 8 sec., average
Requirements) Warm start 38 sec., average

Cold start 42 sec., average
Altitude 18,000 meters (60,000 feet) max.
Dynamic Velocity 515 meters/second (1000 knots) max
Conditions Acceleration 4g, max.
Jerk 20 meters/second3, max.
Main power input 5V DC input.
R Power consumption 0.15 W (continuous mode)
Supply Current 45mA
Backup power 3 V Lithium-Ion rechargeable battery
Dimension 45.75mm Lx 39.90mm W x 14.15 mm H
Weight 13g
éiﬁﬂiﬁﬁﬁﬁl 1 NMEA #7420 0183 £?
4800bps~ F
E S AT
5

[26]-[27] -
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$GPGGA,024345.000,2408.6620,N,12043.8502,E,1,608,1.1,149.9,M,16.1 4, ,0000=54
$GPGSA.A,3,31,22,14,25,12,29,09,18, 1.7.1.1,1.4x39
$GPGSY.3.1,11.22,73.275,38,25,66,107.28,18.51,160,25, 14, 44,339, 32=7F
$GPGSYV.3.2.11.31,35.263.39,12.34, 050 20,29.07,138.27.09, 06,049, 28x79
$6PGSY,3,3,11,15,05,103, ,21,05,181, ,30, 04,208, =49

$GPRMC, 024345 .000,A,2408.6620,N,12043.8502 ,E,0.08,289.82,290512, , ,A=61,

HH

] 2.10 GPS %4z & #cdy

a. GPGGA
$GPGGA <1>,<2> <3>,<4> <5> <6>,<7>,<8>,<9> M,<10>,
M,<11>,<12>*<13>

<I> 2 UTC R » #3535 HHMMSS(F B & 2 5 47)

ETINS

<2> FR o RN L ddmmmmmm(E B A A A A A L)

gh‘i

<3> @M EFHONZHAEH S 55 LIk
<4> R o 5N A ddmmammmm(E B A A A A A A
<5> hadg EiAE - Widxg

<6>GPS e 0 ME AT > LRAZRLA T2

Y N\ 2 s B A 2L 5
KA X LT 6 RAT A e

<8> HDOP -k & # & 7]

‘uxdw

: (0.5~99.9)

<9> AR AR

<10> ¥ ZRHFFl % AR~ 3 K5 3 R

<11> Z & R AdpdiToh- S £ 4 A La
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<12> % %~ = ID $%. > 0000~1023

<13> & 4 7

b. GPGSA
$GPGSA <1>,<2>,<3> <3> <3> <3> <3> <3> <3>,<3> <3>
<3>,<3> <3> <4> <5> <6>*<T7>

<L> L M A A SR A RE R B

<> T AEA IR EF AT E 28 E 24T 5 3R 4
3aE i

<3> P owm AT BT ik %%(01~32) 0 B 4
12 B iFrk T4

<4>PDOP i+ % # & #]#c(0.5~99.9)

<5> HDOP -k # ## B ¥]#c(0.5~99.9)

<6>VDOP =& # & F]#c(0.5~99.9)

<T> St 04

c. GPGSV
$GPGSV,<1>,<2> <3> <4> <5> <6> <7>*<8>

<1> GPGSV % ¢ enid, 7 3k

<2>GPGSV # ¢ 7P @ {7 #ic
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<3> # ML 3 (00~12)
<4> 5 #2%(01~32)
<5> % ¥ 4 (00~90 &)
<6> &% = 1= & (000~359 &)

<7> W E_Fe 1t (00~90dB) -

<8> t& 4 48
PFEe - IR SR AREE o F<ASTIT>S FEEAH

NI FEF IR LRI T

e <4> <5> <6> <7> <4> <5> <6> <T7>---

d. GPRMC
$GPRMC,<1>,<2> <3> <4> <5> <6> <7><8> <9> <10> <11
> <12>*<13>

<1>UTC /> #3555 HHMMSS(p B & 2 5 4))
<2> iR M AR AF oI VR A E R
<3> FA > #3715 ddmmmmmmE B A A A A A A)
<4> gr L oNZALEHR S5 Lf

<5> &R o RN L ddmmmmmm(E B A A A A A L)
<6> LFH - EFAE -Widgyg
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<7> ¥ & i %(000.0~999.9 &)

<8> ¥ & 4 (000.0~359.9 &) M E A L Y

<9>UTC p # > #5* 5 DDMMYY(p p * * & &)

<10> & % % (000.0~180.0 &)

<II> Bkt m E~REL - -WRES

<12> A A REAp AT DAL LIA T CER
A RN </ ¥4

<13> ¥ %4 7%
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PB4 PP HE S % B12Hz 0 Bk % 16bitc H EEG #8P % side
B 3.10 #77¢ » #x 3| Raw EEG #c¥x 4B 3.11 #7-+ - Long EEG #cx
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5;] # EE] L'T] = d‘f e ‘EE Stack: E(._P Mo valid plots for: Signal_... - HOHSO
FH signal_Raw «512%& doubles
1 2 3 4 =] 5] 7 =] 9 10
1 170 4 128 2 255 248 134 "
2 170 170 4 128 2 235 239 143 )
3 170 170 4 128 2 u} a8 117
4 170 170 4 128 2 u] 73 52
5 170 170 4 128 2 u] 132 249
5] 170 170 4 128 2 u] 148 233
7 170 170 4 128 2 u] 131 230
g 170 170 4 128 2 u] 183 195
Q 170 170 4 128 2 u] 232 149
10 170 170 4 128 2 u} 240 141
11 170 170 4 128 2 u} 199 182
12 170 170 4 128 2 u] 137 244
13 170 170 4 128 2 u] 75 S0
14 170 170 4 128 2 u] 27 o3
15 170 170 4 128 2 u] 42 a3
16 170 170 4 128 2 u] 144 237
17 170 170 4 128 2 u] 204 177
12 170 170 4 128 2 u} 154 227
19 170 170 4 128 2 u} a1 44
20 170 170 4 128 2 u] 40 76 v
£ ¥
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= Slgnal_Long
Blgnal Long =
Columng 1 through 17
170 170 32 2 o131 24 18 31 1ad 20142 144 0 560 152 0
Columns 12 through 34
71 214 0 a7 62 0 97 47 n 35 184 0 46 108 4 7 5
Columns 35 through 34

50 14
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3.4 R EFE 2

B AR E &R e B L4 True Positive ~ True Negative ~ False

Positive ~ False Negative » # %2 7 &4c# 3.1 #777 [31]-[32] -

% 31 R E 6

- e e % (7 E 4 Rl %
True Positive Drowsiness Drowsiness
True Negative Normal Normal
False Positive Normal Drowsiness
False Negative Drowsiness Normal

gt Y e B LR A BHE > HBEA S AR AR H
Bk R B 2R R R ATie e 20 A 4B Fe T Bl 0 £ RS KRR
Z 30 f - BB F RSP ERETYRAE 2 R R
& B R B alpha #F B e 58 & 0 e PEB~ U F PR epalpha 58 & B
By Feooalpha AR B LA BRE) BAR R EGEK
(0~1) B Miehdc@ g 4o b BRIGME > HFHFI RE LR R
B N E M AR TE - BT Bl alpha A B ety 5o R BT AL
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§HRORE) 0 F L FREE R BLEAS R P Bk T
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(Normal Detection Rate ~ #§ £ NDR) ~ * 2tk #% & 7 % (Normal Accuracy
Rate ~ fj # NAR) » H ¢ “yk stk ip|doer P2 k|l ¥ L2 5 %
SCRERR > 40235 (3.4) (385~ (3.6)&(3.7) T ©

TruePositive

DDR = — - (3-4)
TruePositive + FalseNegative

DDR # 7 § i * % % %R i 5 5+ S AL S RIS e 7 % 5
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TrueNegative

NDR = : 2. (3-6)
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352 FHE

Nk keig d MySQL AL R 2 & a3 PR AR R B2k ivi 8>

T2 oF a5~ 0 A API(Application Programming Interface » & % #2538 4

-

% )t A > v 3 C ~ C++ ~ Java ~ PHP ~ Eiffel ~ Perl ~ Python ~ Ruby
S Tol FA2F 7 RERFHRE TR F A L ADRERIRIE; 2
FEFTUESL T MYSQL TR EEFT 322 X LAk iTe A kS
ZF 2 E R A RN AR 317 4t 0 B TR AN FA-RB 3.18 A7ow

[35]-[36] -

mysql> describe driver_position;

char(2)
char(6)

char(6)

+ ————— 4 — 4+

rows in set (0.00

] 3.17 MySQL 7 # 4
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mysql> select * from driver_position;

| Normal | ©12113 | 24.144111666 | 120.730756
| Drowsy | 012113 | 24.144111676 | 120.730756

2 rows in set (0.80 sec)

Bl 3.18 MySQL F#L & p %
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Abstract

Drowsy driving is one of important factors to
cause the car accident. The parents usually worry
about the traffic safe of their children. Therefore, we
proposed the drowsiness detection and monitor
system through Internet in this paper. Firstly, the
brain wave is captured by single channel EEG device.
The drowsy state of driver is detected by drowsiness
detection system. The system will alert the driver
when the drowsy state is detected. The car’s position
is also obtained by GPS receiver. The driver’s state
and car’s position will be sent and stored in the web
server through Internet. The user simultaneously can
monitor the cars’ position and drivers’ states on
Google Map.

Keywords: EEG, drowsy detection and monitor,
GPS receiver, Google Map.

1. Introduction

Drowsy driving is leading cause of motor vehicle
accidents. National Highway Traffic Safety
Administration (NHTSA) [1] reported that drowsy
driving causes more than 100,000 crashes a year,
resulting in 40,000 injuries and 1,550 deaths. When a
person is drowsy, his eyelids droop and his vision
becomes blurry as well as his attention can’t
concentrate. Many drivers may not always be aware
of risking their life in driving a vehicle while feeling
fatiguing or drowsy. National Sleep Foundation (NSF)
reported that 60% of Americans have driven while
feeling sleepy and 37% admit to actually having
fallen asleep at the wheel in the past year [2].
Therefore, in the past years, several EEG-base
detecting drowsiness methods have been proposed in
the literatures [3-7]. Joon Park et al. [3] proposed
one-channel system to detect the drowsiness by
analyzing the electroencephalogram (EEG) signals
using unique algorithm. Lin et al. [4] combined
33-channels EEG power spectra estimation,
independent component analysis (ICA) and fuzzy
neural network models to estimate drivers’ cognitive
states in a dynamic virtual-reality-based driving
environment. The 33-channel EEG is uncomfortable
and inconvenient. Lin et al. [5] proposed a real-time

316

Chian-Siang Lin
Department of Electronic Engineering,
National Chin-Yi University of
Technology
luck0000000000@gmail.com

wireless one-channel EEG-based brain computer
interface (BCI) system to detect drowsiness. The
system consisted of a wireless physiological
signal-acquisition module to collect EEG signals and
embedded signal-processing model to detect
drowsiness and trigger a warning tone when drowsy
state occurs. Lin et al. [6] proposed EEG-based
self-organizing neural fuzzy system to monitor and
predict the driver’s drowsy state. Lin et al. [7]
proposed a wireless one-electrode headset to capture
global EEG signals and then used to control several
devices.

In this paper, we proposed a drowsiness detection
and monitor system through Internet. In the proposed
method, the brain wave is captured by single channel
EEG device and car’s position is also obtained by
Global Positioning System (GPS) receiver. The
drowsy state will be calculated by drowsiness
detection system. The system will alert the driver
when the drowsy state is detected. The driver’s state
and car’s position will be sent and stored in web
server. The user can monitor the above two
information through Google Map. The rest of the
paper is organized as follows: Section 2 describes the
drowsiness detection system. Section 3 demonstrates
the experimental results. Finally, section 4 gives the
conclusion.

2. Drowsiness Detection System

2.1 System Architecture

Our system is composed of two parts, shown in
Figure 1. The first part catches user's brain wave by
EEG device and then the brain wave transmits from
EEG device to drowsiness detection system. The
drowsiness state will be detected after the brain wave
is analyzed. At the same time, drowsiness detection
system gets car's position by GPS receiver. The
drowsiness state and car's position send to database
by wireless network. The system will warn the driver
when the drowsy state is detected.

The second part includes web server and client.
The goal of the proposed system makes that anyone
can be able to monitor drivers’ states and cars’
positions. After web server receives the client’s
request to display, the webpage will be updated.
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Figure 1. Drowsiness Detection System
Architecture

2.2 GPS

The Global Positioning System (GPS) [8] is a
United States utility that provides users with
positioning, navigation, and timing (PNT) services.
The system consists of the space segment, the control
segment, and the user segment. The space segment is
composed at least 24 GPS satellites transmitting radio
signals to users. The control segment is composed of
a global network of ground facilities. The user
segment is composed of the GPS receiver equipment,
which receives the signals from GPS satellites
broadcast from space and each GPS receiver freely
and uses the transmitted information to calculate
user’s three-dimensional position (latitude, longitude,
and altitude) and the current time.

The NMEA 0183 (National Marine Electronics
Association) [9], defined by National Marine
Electronics Association, is a voluntary industry
standard, which defines an electrical interface and
data protocol for communication between marine
instrumentation such as GPS receivers. All data is
transmitted in the form of sentences. We use RMC
(Recommended Minimum Specific GPS/TRANSIT
Data), which is one of sentence in NMEA, to get
essential car with GPS receiver position (latitude and
longitude), velocity, and time. The car’s position will
transmit to drowsiness detection system.

2.3 EEG

The EEG device, proposed by Lin et al. [7] and
show in Figure 2, uses signal channel and the
electrode is noninvasive and dry. The device includes
three electrodes, a NeuroSky EEG chip and a

Bluetooth module. The electrode with red line is

defined as reference point 1 and the electrode with
yellow line is defined as reference point 2. The
electrode with green line is defined as ground and is

used to de-noise. The brain wave is measured by

voltage difference that is calculated by subtracting
reference point 2 from reference point 1. The EEG
use EEG chip is used to transform analogy into
digital. Its sample rate is 512 Hz, and the sample
level is 16bit. The EEG chip uses 57.6K bps to
connect Bluetooth. The Bluetooth send the voltage

difference as Raw EEG to drowsiness detection

system.

Figure 2. The EEG device of Lin et al.

The 10-20 system is based on the relationship
between the
underlying area of cerebral cortex, shown as in
Figure 3. Letters F, T, C, P, A, and O indicate frontal,
temporal, central, parietal, ear, and occipital lobes
individually.

—

NASION

iy

Figure 3. Electrode locations of international
10-20 system for EEG recording.

2.4 Drowsiness Detection Method
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In the threshold algorithm, we have to catch
user’s EEG before selected threshold. The EEG and
user state was recorded for 10-30 minutes. They were
divided into 30 second segment. If the segment size is
long, the response of system becomes slow and
accuracy rate of drowsiness and alert are raised. If the
segment size is short, the response of system
becomes faster and accuracy rate of drowsiness and
alert are lower.

According to the indication of Park et al. [3],
drowsiness of power is less than alert in the higher
frequency domain of EEG. When eye closes, the
weak frequency of brain wave is detected in the
visual area. The visual area locates on occipital lobe.
Therefore, the reference point 1 puts on the O1, and
the reference point 2 puts on the O2, and the ground
puts on the position FPz, respectively. The
drowsiness is detected according to frequency and
time of blink. The detection of drowsiness flowchart
shows in figure 4.

() (o

Figure 4. Detect of drowsiness flowchart.

Threshold
detect

Power
of Beta

The beta frequency band (14-30Hz) is computed
after the Raw EEG transforms to frequency domain
by Fast Fourier Transform (FFT). The power of beta
frequency is then calculated by summing beta
frequency band. The drowsiness is detected when the
power of beta frequency is less than a threshold. We
use the threshold algorithm, proposed by Park et al.
[8], to evaluate whether the threshold is suitable or
not.

Firstly, the algorithm defines the four name
meaningfulness, shown in Table 1.

Table 1. Name meaningfulness

User’s state Detect result
True positive Drowsiness Drowsiness
True negative Alert Alert
False positive Alert Drowsiness
False negative Drowsiness Alert

Drowsiness detection rate, alert detection rate,
drowsiness accuracy rate, and alert accuracy rate are
calculated by Eq. 1-4.

®  Drowsiness Detection Rate(DDR)
TruePositive
DDR = — . 1)
TruePositive + FalseNegative
®  Alert Detection Rate(ADR)
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TrueNegative

ADR = - — )
TrueNegative + FalsePositive

®  Drowsiness Accuracy Rate(DAR).

DAR — '!'r.uePosmve _ )
TruePositive + FalsePositive

®  Alert Accuracy Rate(AAR)

AAR — TrueNegative @

~ TrueNegative + FalseNegative

The different threshold will yield different
detection rate and accuracy rate. Drowsiness
detection system will alert when driver state is
detected in drowsy. The detection result and car’s
longitude and latitude will transmit to database in
web server.

2.5 Web Server and Client

The web server builds on Linux operating system.
The architecture of web server includes MySQL
database, Apache http server. The scripting language
of server side is PHP. The server uses C language to
receive stream from system through wireless Internet.
MySQL API for C is used to update MySQL
database. The latest information of driver state and
car’s position are accessed from database by PHP and
then displays them on the browser through Google
Map JavaScript API [10], shown in Figure 5.

a

Linux Q5

MySQOL
database

Display Block

Figure 5. Receiver flow and display flow.

3. Experimental Result

In the experiment result, a 20-channel GPS
receiver “HI-206 USB” with a kernel chip HAICOM
SiRF Star I11 module [11] was used and shown as in
Figure 6.
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Figure 6. GPS receiver (HI-206 USB).

In the detection method, if the selected threshold
is high, detection rate is low. On the contrary,
detection rate is high if the selected threshold is low.
If the detection rate is higher, the accuracy rate may
becomes lower and vice versa.

The detection results, shown as in Figure7, will be
displayed on Google Maps [12] through the browser,
on the main server.

\FE TR )
P A i J HE®HE |
AN A 3
| e
< 2
w 7 Car_number:01
. kR Diriver number:01
[E[] Drivert+State: Alert
Tine MOLESHH012113

T A

Rt
HhERE# ©2012 Google, Kingway, Mapabe - {EF{EEE

Figure 7. Google Map with car’s position and
driver’s state.

4.

Conclusion

. The proposed drowsiness detection system
includes two parts. One part is to capture and analyze
the drivers’ sates and cars’ positions. Second is to
display the above information on the Google Map.
The brain wave of driver can be captured by EEG
device and cars’ positions can be obtained by GPS
receiver. The drowsy state of driver will be analyzed
by drowsiness detection system. The system will
warn the driver when the drowsy state is detected.
The cars’ positions and drivers’ states will send to the
web server through Internet. The web server uses the
Google Maps JavaScript APl to add the above
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information to the map and the user can monitor them
on Google Map through the browser.
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