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Abstract - Dry eyes disease also known as keratoconjunctivitis sicca is one of the common eye-related problem which 
occurs  due to deficiency in tear production or when the tears are not of the correct consistency and evaporate too quickly 
.Globally 337 million people suffer from severe, moderate, or episodic dry eye syndrome. The aim of the proposed system is  
to design  a wearable humidifier to help reduce dry eye by continuously monitoring the dryness of the eye . The system can 
self-regulate according to the relative humidity as set to produce mist particles using a ultrasonic mist maker. This mist 
produced  can increase small area humidity level in and around the  proximity of the eyes .  The electrical module comprises 
humidity and temperature sensors, DC pump, ultrasonic mist maker , microcontroller and Eye blink detector to alert the 
driver from drowsiness.  
 
Index Terms - Sensors, Mist- maker, Health care technology 
 
I. INTRODUCTION 
 
Human eyes are very sensitive to its surrounding and 
easily affected by harmful bacteria and viruses. There 
are many diseases that are related to human eyes and 
one of them is dry eye. Other names for dry eye 
include dry eye syndrome, keratoconjunctivitis sicca 
(KCS), dysfunctional tear syndrome, lacrimal 
keratoconjunctivitis, evaporative tear deficiency, 
aqueous tear deficiency, and LASIK-induced 
neurotrophic epitheliopathy (LNE). Dry eye occurs 
when the eye does not produce tears properly, or 
when the tears are not of the correct consistency and 
evaporate too quickly. Natural tears can protect the 
eyes from any irritation and keep them moisturized 
and lubricated all day long. .  
In general, dry eye syndrome (DES) can be divided 
into two main types. The first type is due to tear 
deficiency in dry eye and the second type is 
evaporative dry eye. The tear deficiency type is 
divided further into two categories, known as Sjogren 
Syndrome dry eye and Non-Sjogren Syndrome dry 
eye. Both types are autoimmune diseases that are 
closely related to problem with lacrimal gland and 
salivary gland. Meanwhile, for evaporative dry eyes, 
it can be divided into Meibomian Gland Disease 
(MGD), mucin deficiencies and exposure related dry 
eyes factors such as low blink rate and low 
surrounding humidity. The DES is thus closely 
associated with ocular surface disease where most 
DES patients face problems with abnormalities of 
their tear film. Problematic tear film can cause 
insufficient supply of tears to the ocular surface that 
will then contribute to inflammation of the ocular 
surface. There are several factors causing the DES. 
For instance, age and gender can affect the tear film 
evaporation. In  Guillon and Maissa have found that  
evaporation rate is higher in old age group than the 
younger group, and more prevalence in females. The 
reasons are due to decrease in tear production, 
hormonal changes and MGD that correlates strongly 
with aging. Aging causes reduction in mixture of  

lipid and protein being released by the meibomian 
gland to the ocular surface . This mixture is essential 
to prevent tear evaporation. Besides that, the DES is 
also affected by the indoor environment especially 
those with low humidity, high temperature and high 
air velocity. These environmental factors can increase 
water evaporation from the tear film and promote 
instability in lipid layer of the tear film. Relative 
humidity of 40 % is recommended as the threshold of 
good indoor air quality. Another contributing factor 
to DES is Computer Vision Syndrome (CVS), a 
vision problem that relates to long-hour close-
distance viewing of computer screen . Many of 
computer users do not know that they are 
experiencing CVS. In United States it is estimated 
that at least 15-45 million computer users suffer 
different degrees and type of CYS. Dry eyes will 
happen as the blinking rate reduces when computer 
users too focus on a computer screen. Less blinking 
will result in increase of water evaporation from the 
tear film. 
At present, there is no cure for dry eye disease. 
However, there are variety of treatments that are 
designed to reduce the irritation and discomfort 
caused by dry eye conditions. The treatment varies 
with the severity of the diseases. For slightly dry 
eyes, the use of artificial tear supplement in form for 
eye drop should be sufficient, and it needs to be 
applied regularly. If you suffer from dry eye, it is 
certain that a lack of sleep would only amplify your 
symptoms of dry eye syndrome.  
 
The objective of this study is to propose and 
implement a design of electronic eyewear equipped 
with sensors and ultrasonic mist maker, which can 
improve the air moisture close to the eyes. It will be 
able to self-regulate according to the ambient relative 
humidity. For a start, we restrict to indoor 
application. Within the close proximity to the eyes, 
the relative humidity will be monitored and regulated 
accordingly to provide comfort to users. As the 
relative humidity depend on temperature, we have 
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incorporated a temperature sensor as well. Eye blink 
detector has be implemented to alert the driver from 
drowsiness. The long-term plan is to make it portable, 
use DC powered mist maker and implement hearing 
aids within in the glass. The system if capable of 
continuously monitoring the dryness of the eye using 
the humidity sensor which can be used to set the 
threshold for different patients to ON/OFF the mist 
being produced.  
 
                
II. RELATED WORK 
 
The most common and widely use therapy for dry 
eyes is by using topical artificial tears. The main goal 
is to increase humidity level at the ocular surface and 
to improve lubrication. These artificial tears however 
contain preservatives, stabilizer and other additives 
that can harm the ocular surface cells if they are 
constantly used. Therefore, patients who need to 
apply artificial tears for more than 4 times per day 
should avoid using such treatment. The alternative is 
a method called canalicular or punctual mocclusion. 
It is a non-pharmacological approach in treating dry 
eye disease. This treatment is said to improve the 
quantity and quality of the aqueous component of the 
tear film and reducing symptom of dry eyes. Patients 
will be more comfortable and hence reduce the need 
for artificial tears. 
Besides tear preservative method, there is a drug 
known as lacrimomimetics been used to simulate the 
lacrimal gland to produce tears. DES patients can also 
try to humidify their rooms and use moisture chamber 
spectacles in reducing evaporation of tears. An 
example of moisture chamber spectacles is an 
eyewear that includes the side covers to protect both 
of the left and right sides of the eyes, as illustrated in 
Figure 1 . It is being equipped with detachable eye-
moistening means that it can be placed on the inner 
side of these side covers. The eye  moistening means 
are made out of porous elastic or pliable material that 
makes it adaptable to be soaked with water or 
medicine. The water or medicine then will slowly 
evaporate to the eyes when it is place on one's 
face.selected.  

Fig:-1 Eye moistening device 
 
Alternative eye-moistening means is via solid, porous  
or hollow microcapsules. These microcapsules are 
bio-degradable polymer in the form of powder. 
Treating agents are encapsulated inside the polymer 
shells or spheres, and will slowly be released to the 

eyes as the polymers degrade. In, treatment for the 
eyes is stored in custom designed, curved eyecups 
each with an interior cavity. The eyecups have the 
capability to change temperature (hot or cold) 
according to the user preferences. The eyewear was 
designed with strap and fasteners to ensure it fits the 
user. 

Fig:-2 Sleeping mask 
 
Figure 2 is a sleeping mask proposed by  where the 
mask itself is made out of moisture permeable and 
flexible material. The moisture from the mask will 
then be absorbed by the eyes. 

Fig 3:- Eyewear with transparent lenses 
 
In daytime, user can change to eyewear in Figure 3 
where it uses transparent lens that also incorporate a 
moisture chamber at the side cover of the eyewear, 
and can be integrated as part of a hat. A moisture 
chamber is attached to the upper part of the hat . This 
is where it can provide high 
humidity environment for the eyes and provide 
enough protection against evaporation due to air 
movement. Similar eyewear concept was also 
developed by . It consists of an eyewear frame, leans 
and seal that is removable and can easily be attached 
to other eyeglasses or even sunglasses. A filter known 
as HEP A filter is being used together with the seal. A 
special eyewear for relief of computer vision 
syndrome (CVS) was also developed . As 
aforementioned, CVS occurs due to long hours of 
staring and glancing at the monitor. High amount of 
light reflected into the eyes can cause eye problem. 
Therefore, this invention is designed to block some 
light from entering the eye. It has its own housing 
surrounding the user's face and a forehead portion. 
The interior and the exterior surface of the housing 
are made out of opaque material. Thus far, only these 
moisture chamber spectacles are available, and they 
are considered passive devices as they release 
moisture in continuous mode. We hypothesize that 
active mode of humidification can achieve better 
therapeutic effect, i.e. releasing moisture only when 
necessary. For such active release, an electronic 
control would be required. The following section 
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explains a new design of humidifier which senses the 
ambient temperature and relative humidity level, and 
releases moisture when the relative humidity level is 
below a threshold value. This threshold value and the 
frequency of humidification can be custom 
configured for each individual with the DES. 
 
III. HUMIDIFIER DESIGN AND 
IMPLEMENTATION 
 
The humidifier comprises three modules for sensing, 
mist generation and control. While the ultimate goal 
is to produce a wearable device, the design at this 
stage is aimed to prove the concept of localised 
humidification at a system level. In addition, the use 
of microcontroller was considered to offer 
programmability for clinical studies and personalized 
eyecare. 
 
The following describes each module in details. 
 
A. Sensing module 
Air humidity level is the main element in reducing 
dry eye disease and is temperature dependent. In this 
work, we utilize a sensor LM 35 & DHT11 to 
measure ambient temperature and humidity level. The 
sensor consists of a capacitive humidity sensor and a 
thermistor. The sensitivity of the sensor to 
temperature is 0.1 degree Celsius and to humidity 
level 0.1 %. Both temperature and humidity level are 
measured continuously every two seconds. The 
optimum temperature and air humidity for the human 
eyes are 24 ℃ and 40 % respectively. Below the 
range, the control module will activate the mist 
generation module. 
 
B. Mist generation module 
This module consists of a micro-pump unit and a 
water-to mist transducer unit. The earlier provides 
droplets of water or medication in solution from a 
reservoir/storage, while the latterconverts the droplets 
into mist particles.  Higher flow rate and thus higher 
density of mist particles may otherwise interrupt the 
vision of users.. The Ultrasonic mist maker  is used 
for generating the mist which is then sent to the 
lateral part of the glasses to cool the eye using a DC  
pump. The ON/OFF of the pump is controlled by the 
microcontroller using a relay. 
 
C. Main control module 
The microcontroller is PIC 16F877A .It serves as the 
main control unit for the sensing module and the mist 
generation module. It reads the ambient temperature 
and humidity level. If the measurands are below the 
pre-defined humidity level, it will switch ON/OFF the 
pump  to the glasses . Further power management to 
reduce power consumption (e.g. reduce the frequency 
of sensing if measurements were constant) can also 
be exploited in next generation of prototype. Figure 4 
summaries the control flow of this main control 

module, while Figure 5 shows an image of the entire 
humidifier prototype. 

Fig 4:-Flow chart of the main controller in activating mist 
generation. 

 

Fig:- 5 Prototype 
 
IV. EXERIMENT RESULTS 
 
The functionality of the prototype in moisturizing a 
small area  was assessed. In this case, the small area 
approximately represents an area of 3 cm cubed in 
proximity to the eye. In this experiment, the air 
humidity with and without humidification process 
inside a small container was measured. The humidity 
was tested for only one side of the eye. 
 

Table 1:-Humidity Levels around the proximity of the eye  
using the wearable humidifier. 

SL 
NO 

INITIAL 
VALUE 
RH(%) 

FINAL 
VALUE 
RH(%) 

TIME  
TAKEN 
(SEC) 

1 11 40 24.3 
2 14 42 37.8 
3 14 40 32.9 
4 14 41 51.0 

5 14 40 44.0 
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Fig  6 : Graph of relative humidity (%) with time. Time zero 
marks the start of humidification process. 

 
The threshold RH was set to 40% so when the 
humidity was below 40% the mist was generated and 
given to the lateral side of the eye using the DC 
pump. The humidity levels  gradually increased to 
40%. Table 1 shows the variation of the humidity 
level changes around the eye after giving humidity 
using the wearable humidifier . Once the humidity 
level reached  40%  the DC pump is set OFF. 
Similarly the humidity levels are monitored and the 
mist is generated to cool the eye. 
  
CONCLUSION 
 
This paper reports the development of a new active 
humidifier for dry eyes. The system consists of 
modules for sensing, mist generation and main 
control unit. Each module has been designed and the 
integration of the system has been completed. The 
humidifier has also been tested and the experiment 
results proved the design is working as intended. 

Once activated, the humidifier can increase relative 
humidity level by +30 % within 1 minutes. Future 
work will to make it portable, use DC powered mist 
maker and implement hearing aids within in the glass. 
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