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Abstract—Drowsy driving is one of the reasons for vehicle 
accidents. Recent study found the fact that drowsiness is a bigger 
risk factor in vehicle accidents than previously thought. This 
paper proposes a drowsiness alarm which utilizes infrared sensor 
to detect eyelid position of a driver. The sensor is adequately able 
to operate in the range of 2-30 cm. After correctly fixed into 
position, the sensor can evidently detect the left eyelid position of 
the driver, whether it is closed or open, with the accuracy of 
above 95%. This eyelid position is taken as the sleepiness 
symptom of the driver. If a sleepiness symptom is detected, then 
an alarm is activated. The sound of the alarm is intended to bring 
the driver back to full consciousness and to prevent possible 
vehicle crash. The proposed system also consists of a deactivator. 
The driver must push a correct button sequence in order to 
deactivate the alarm. Every event of drowsiness is recorded to a 
smartphone which is connected to the system via Bluetooth 
connection. This provides time record for further analysis and 
evaluation. Simulation and testing proved the ability of the 
sensor to accurately detect eyelid position and confirmed the 
functionality of the device. 
 

Index Terms—eyelid position detection, deactivator, button 
sequence, time record. 

 

I. INTRODUCTION 
 

WARENESS of safe driving increases with the 
development of technology. This increase of awareness 
led to investigations of factors that may cause vehicle 

accidents, such as drowsiness [1]. The impact of drowsiness to 
an accident cannot be neglected since it may cause life loss 
and material loss. Drowsy drivers are a bigger risk factor in 
vehicle accidents than previously thought. In 701 crashes 
within the scope of a research, 8.8-9.5% of them involved 
drowsiness [2]. 
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In complement to studies and implementation of automated 
systems that help drivers to drive safely such as distance 
sensor, blind spot assistance, etc., the author is motivated to 
propose a system that can detect driver’s sleepiness symptom 
and can give an early warning to prevent probable vehicle 
accident. 

The construction of the prototype started with the study of 
what type of sensor can be feasibly used to detect sleepiness 
symptoms. In previous works, a scheme to conduct behavioral 
measures to the driver was already investigated [3]. A camera 
was used to monitor yawning, eye closer, eye blinking, and 
head pose. The use of camera, as mentioned in the report, 
required the support of daylight and limited the use at night. 
Besides, head orientation must be maintained in a certain 
direction. He et al [4] proposed to use sensor of Google glass 
to monitor eye blink frequency. The frequencies were 
compared between the state of alertness and drowsiness while 
driving. In the state of drowsiness, however, the time 
distribution of eye blinks is as important as the mere count of 
eye blinks itself. Accurate measurement of low eye blinks 
frequency also requires a long period of moving average, 
which may slow down the response of the system. 

As the obvious sign of sleepiness is a prolonged eyelid in 
closed position, the author chose to utilize infrared sensor to 
detect the condition. Infrared sensor is already known to be 
able to detect distance accurately within its range of 
specification. Besides, the sensor module light is adaptable to 
environment, enabling it to work in low light condition. The 
utilization of such infrared sensor to detect eyelid position and 
thereupon deduce the drowsiness of the driver, to the best 
knowledge of the author, has never been done before and 
becomes the novelty presented in this paper. 

This paper is organized as follows: first an explanation of 
the system prototype will be presented. The prototype is 
constrained to be low power and low cost, while compact and 
portable. This is ensured by the use of radio communication as 
wireless connection between the deactivator module and the 
alarm module. Afterwards, each of the components that 
construct the system will be discussed. The connection using 
Bluetooth module to send a string of time data to Android 
device will be discussed in the ensuing section. Finally, 
simulation and testing results using the prototype are 
presented. 
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II. BLOCK DIAGRAM OF THE PROPOSED SYSTEM 
The connectivity of the drowsiness alarm system is shown 

in Fig. 1. Each of the alarm module and the deactivator 
module uses one Arduino Nano as the microcontroller. The 
FC-51 infrared sensor, real-time clock RTC DS1307, 
Bluetooth module HC-05, and a buzzer in connected to the 
microprocessor of the alarm module. 

 

 

 

 

 
 

 

 
 

 

 

 

 
 
Fig. 1. Block diagram of the drowsiness alarm system 

The microprocessor of the deactivator module is connected 
to a button combination box. One radio frequency module 
nRF24L01 is attached to each deactivator module (as receiver) 
and alarm module (as transmitter). This radio frequency 
connection is chosen so that the deactivator module can be 
physically separated from the alarm module. This will reduce 
the burden of having all the system in a bulk. Also, by doing 
so, the deactivator module can be put within convenient reach 
of the driver, ready at any time. 

The sketch of the alarm module and the deactivator module 
can be seen in Fig. 2. 
 

   
 (a) (b) 

Fig. 2. The modules of the system: 
(a) Alarm module, (b) Deactivator module 

 

III. MODULES OF THE SYSTEM 

A. Alarm Module 
In this module, the infrared sensor will continuously 

measure the distance between it and the lower part of the 
driver’s eye. The distance between the sensor and the eye 
when it is open will be greater than the distance when it is 
closed. After some initial adjustments, the optimal threshold to 
differentiate between the states of eye closed and eye open can 
be determined. 

If the eye is in a closed state for a certain predefined time, 
then drowsiness can be inferred. The microcontroller will 
activate the buzzer in order to bring the driver back to 
alertness. The buzzer will be at high state until a deactivating 

signal is obtained. At the same time, the microcontroller 
commands the real-time clock to send the time of the event 
through serial communication via Bluetooth module to a 
smartphone. This time record can later be used for further 
analysis and evaluation of driver’s eligibility to drive. 

B. Deactivator Module 
The activated buzzer can only be deactivated by this 

module. The driver must prove his resuming alertness by 
pressing a certain predefined button combination. The 
deactivator module will be equipped with three buttons. Using 
the button sequence length of five, for example, 243 different 
button combinations are available.  

By pressing the button combination correctly, the driver 
proves that he has come back to full consciousness, ready to 
decide whether to drive further or take rest as precautions. 
 

IV. DESIGN IMPLEMENTATIONS 
In this phase, the infrared sensor is attached to a commercially 
available google, as can be seen in Fig. 3. This construction 
lets the driver to freely move her head while the sensor can 
still detect the eyelid position. A set of cables connect the 
sensor to the rest of the alarm module.  

 

 
 

Fig. 3. The infrared sensor attached to a google 

The flowchart of the implemented system is shown in Fig. 
4. The drowsiness state is defined to occur when the eyelid is 
in close position for a period of 1 second. The button sequence 
chosen to deactivate the alarm is 1-3-2-1-3. This sequence is 
considered to be simple but adequate to confirm the alertness 
of the driver.  

In this implementation, there is no condition where the 
drowsiness alarm system stops to work. Once started, the 
program compiled to the microcontroller will be initiated and 
stays in a loop until power supply is cut. This is suggested by 
the Integrated Development Environment (IDE) 1.8.5 
provided by Arduino. The codes, written in user-friendly 
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C/C++ language, are divided into setup function which runs 
once and loop function which runs repeatedly. 
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Fig. 4. Flowchart of the system 

The schematic of the alarm module and the deactivator 
module are presented in Fig. 5 and Fig. 6. Arduino Nano V3 is 
used due to small size and completeness. It is based on 
ATmega328, having 14 digital input/output pins and 8 analog 
inputs. This board has supported SRAM (Static Random-
Access Memory), EEPROM (Electrically Erasable 
Programmable Read Only Memory), and flash memory. The 
time record, when needed, can also be stored in EEPROM and 
later be retrieved. Flash memory is where the program code is 
stored. 
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Fig. 5. Schematic of the alarm module 
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Fig. 6. Schematic of the deactivator module 

 

V. SIMULATION AND TESTING RESULTS 
A number of trials were conducted in determining the best 

way to install the infrared sensor to the google. The sensor can 
be set to operate in the range of 2 cm until 30 cm [5]. 
Afterwards, minor google position adjustment and sensor 
testing is required every time the author starts wearing the 
glass. Once the correct and fixed position is achieved, as can 
be seen in Fig.7, the sensor is evidently able to detect the 
position of left eyelid of the author with the accuracy above 
95%.  
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Fig. 7. The author wearing google with installed infrared sensor 

Bluetooth connection between the alarm module and a 
smartphone is to be initiated first. Afterwards, the time when 
drowsiness occurs will be recorded and the signal to activate 
the buzzer was sent, simultaneously. A piezoelectric buzzer is 
selected to be able to generate awaking sound with low power 
consumption [6]. When the alarm is successfully deactivated, 
the time will also be recorded and the buzzer is deactivated. 
All this can be seen in Fig. 8. 
 

  
 (a) (b) 
Fig. 8. The display of Android application interface; 

(a) Initialization; (b) Time record of drowsiness events 

The time delay in the running system is negligible due to 
short distance between the alarm module, the deactivator 
module, and the smartphone. Except the google, which is 
worn by the driver, all other devices are within reach of the 
driver.  

The short distance between the alarm module and the 
deactivator module also eliminates any disturbance to the 
radio frequency communication. Trials were conducted to find 
out working operating distance of the radio transmitter-
receiver. The working operating distance is found to be clearly 

higher than the required distance in the implementation, which 
is approximately 50 cm. 
 

VI. CONCLUSIONS 
An innovative solution to prevent driving accidents due to 

drowsiness is proposed in this paper. The novel use of infrared 
sensor to detect the eyelid position was tested and proved to be 
feasible with high accuracy of 95%. Furthermore, since the 
sensor is attached to a google, it still can detect the eyelid 
position in various head orientation. The alarm module and the 
activator module communicate via radio frequency, which 
allows the compact and concise construction of the system. 
The drowsiness alarm system is equipped with real-time clock 
module and Bluetooth module, which provide time record of 
the drowsiness events and deactivation events. These data can 
further be used for analysis and evaluation whether the driver 
is fit and proper to drive. 

The deactivation of the alarm is accomplished by pressing a 
correct sequence of three buttons on the deactivator module. 
This ensures the driver’s true state of alertness, since the 
probability of coincidence is virtually zero, in this case 1/35 or 
4.12×10–3. The author claims that this approach has never 
been done before and completes the uniqueness of the overall 
system. The resulting prototype was created with a cost of as 
low as USD 20 and is highly improbable. Thus, if intended for 
the same purpose of detecting drowsiness by observing eye 
behavior, the proposed prototype can easily contend similar 
devices such as Google glass, which is far more expensive. 

The current system still uses the duration 1 second of eyelid 
in close position, in order to change the state from alertness to 
drowsiness. This duration is constant for all driving speed. 
Further development will be the use of GPS module which 
enables measurement of driving speed. The duration that will 
change the state can then be adjusted to the speed, i.e., to be 
lower in higher speed. 

The proposed system indeed needs more elaborate 
experiments, not only in simulations which are already 
conducted, but also in real situation while driving. Further 
feature that can be implemented is additional scheme to 
identify and differentiate blinking abnormalities as a mean to 
detect drowsiness of the driver. 
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