
impedance bandwidths (210 dB) of the proposed antenna for

the two frequencies are 2.77% and 3.67% with VSWR 2:1.

The radiation characteristics of the proposed antenna at the

two resonant frequencies are described in Figures 7(a) and 7(b).

It is found that both the resonant modes have similar plane of

polarization and broadside radiation characteristics and low

cross polarization levels at f1 5 2710 MHz and f2 5 3650 MHz,

respectively. Figure 8 shows the comparison between the pro-

posed antenna and reference antenna for the return loss.

The proposed antenna is fabricated using photolithographic pro-

cess. The low cost glass epoxy FR-4 substrate with 1.6-mm thick-

ness of loss tangent tan @5 0.02, and dielectric constant 2r 5 4.4

is used. The optimized dimension of the proposed antenna are

Wp 5 30.1 mm, Lp 5 22.1 mm, w 5 1mm, and S 5 4 mm.

Finally, a prototype is made and measurements are made

using Vector Network Analyzer, the measured results and simu-

lated results using HFSS are in good agreement. Figure 9 shows

measured and simulated return loss. The measured two resonant

frequencies f1 5 2810 MHz and f2 5 3720 MHz, and the fre-

quency ratio of the two resonant frequencies is noted 1.32 with

210 dB impedance bandwidth, are 2.45% and 3.78%, respec-

tively, for VSWR 2:1.

4. CONCLUSION

In this article, a new design of open rectangular narrow ring slot

method for dual frequency operation is investigated and pro-

posed. This has a single layer configuration; in which metallic

rectangular patch with slot is excited through single probe feed

arrangement. From the analysis, it is noted that antenna is very

sensitive with slot dimensions in which it has been observed

that frequency ratio (f2/f1) increases with increase in slot width

while decreases with increase in gap spacing. By controlling

width and gap spacing of the proposed antenna, various fre-

quency ratios can be obtained ranging from 1.28 to 1.42. Hence,

by selecting appropriate dimensions of the slot and gap spacing,

one can design dual frequency antenna at desired modes of two

frequencies. The measured results are matches with the simu-

lated results. The proposed antenna is suitable where low fre-

quency ratio is required.
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ABSTRACT: Red, green, and blue (RGB)-infrared technology for imag-

ing systems is developing in many research areas including surgery and

Figure 8 Return loss of the proposed antenna and reference antenna

Figure 9 Return loss of the proposed antenna

2452 MICROWAVE AND OPTICAL TECHNOLOGY LETTERS / Vol. 57, No. 10, October 2015 DOI 10.1002/mop



monitoring systems. This article proposes a driver fatigue monitoring

system that detects the face and eye regions (especially the pupil area)
of the driver and measures the opened–closed eye status using RGB/
infrared cameras. In the proposed system, the mean values of the eye

region are used to enhance the accuracy of the extracted pupil area.
The results show that the accuracy rate of classification for the eye

opened/closed states is more than 93%. Therefore, we have confirmed
that our proposed system is practical and accurate. VC 2015 Wiley

Periodicals, Inc. Microwave Opt Technol Lett 57:2452–2455, 2015;

View this article online at wileyonlinelibrary.com. DOI 10.1002/

mop.29358

Key words: black box; real-time; imaging system; eye-detect; pupil

area

1. INTRODUCTION

Driving while drowsy can be extremely dangerous, and the

national highway traffic safety administration estimates that

almost 100,000 car accidents are caused by this condition every

year in the United States [1]. To reduce automobile crashes due

to fatigue or lack of vigilance, many different systems have

been developed [2–5]. Most studies are focused on newly added

systems such as cameras and alarm units. However, in this let-

ter, we use a video recording device called an “event data

recorder” [6], which are widely used to provide car accident

reports. Currently, many black box cameras only record outside

of the car, so installing a camera dedicated to the interior view

can provide the means to monitor the driver. To use this con-

cept, Kinect (Microsoft Xbox) providing a red, green, and blue

(RGB) camera and infrared projector is used to monitor the

driver’s eyes. Recently, the utilization of RGB color information

improves the separation results in optical source ranges [7,8].

Moreover, a RGB and near infrared camera was introduced [9].

In this article, to ensure the detection accuracy with RGB

and infrared cameras, many different methods are simultane-

ously applied in the system both during the day and night. We

have developed a new real-time driver fatigue monitoring sys-

tem using RGB and infrared cameras. Because of the rapid

expansion of the black box market, a black box with this driver

monitoring system added would reduce car accidents and pro-

vide evidence in cases of an accident.

2. METHOD

Figure 1 shows an overview of our driver monitoring system

using Kinect in a car’s black box. The system has one RGB

camera and one infrared camera, so real-time monitoring is pos-

sible in all circumstances. The system starts with eye detection

using the Viola-Jones Face algorithm [10], and the basic pro-

posed method is shown in Figure 2. A detailed manipulation

process for reducing unnecessary areas such as eyebrows is

used, and fine data around the eyes as (1) are collected to

enhance the accuracy of the proposed algorithm:

eye½ � ¼

e11 � � � e1r

� . .
.

�

ec1 � � � ecr

2
6664

3
7775 (1)

where r and c denote the sizes of the row and column, respec-

tively, in the matrix. Next, the proposed algorithms are applied

for the pupil area detection and tracking. As a start, the average

values of each row and column from the obtained matrix ([eye])

are calculated using (2):

R cð Þ ¼ 1

r

Xr

r¼1

ecr; C rð Þ ¼ 1

c

Xc

c¼1

ecr (2)

where R(c) means an average value corresponding to column c,

and C(r) represents an average value corresponding to column r.

In the RGB image matrix, a lower value means a dark color.

Therefore, the pupil area can be detected by searching the mini-

mum value of R(c) and C(r). Then we calculate the differences

of R(c) and C(r) with their corresponding ecr using (3):

Rd cð Þ ¼ 1

r

Xr

r¼1

R cð Þ2ecrð Þ

Cd rð Þ ¼ 1

c

Xc

c¼1

C rð Þ2ecrð Þ
(3)

where Rd(c) and Cd(r) mean the difference value corresponding

to columns c and r, respectively. Finally, the maximum values

of each R(c) and C(r) are used to detect the pupil area. As

shown in Figure 3, the mean values of each column and row

have rapidly increased or decreased, so the red values that have

the highest standard deviation values are used to find the accu-

rate pupil region. To analyze the state of the pupil, two methods

are used.

First, to define a stable pupil location, the index values are

extracted in certain ranges from 20 to 50% near the highest red

values of the mean values of each column and row as shown in

Figure 4. Second, 10–15 more index values are determined from

the already extracted index values. Using only the first method

is not adequate when the subject’s eye is closed, because the

second method can discriminate well between the open and

closed states of the eye when binary images are used.

Figure 1 Overview of the driver monitoring system in a vehicle black

box

Figure 2 The flowchart of the proposed method
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3. RESULT

The RGB and infrared images of the two frames per second and

200 total frames each are processed in Matlab with Kinect. One

frame per second is not sufficient to determine a drowsy state,

and more than four frames per second require an unnecessary

number of processing procedures in the vehicle’s black box sys-

tem. Figure 5 shows the eye region and the extracted pupil

images after applying the first and second methods with (3).

The white boxes in the figure confirm that our technique is

valid. Moreover, this method can also be applied to the infrared

images as shown in Figure 5(b). Therefore, the proposed method

can be used to monitor a drivers’ fatigue day and night. In this

study, we test two times each for the RGB (Experiments 1 and

2) and infrared images (Experiments 3 and 4). Experiments 1

and 3 are performed for 50 s (100 frames), whereas Experiments

2 and 4 are performed for 100 s (200 frames).

As shown in Table 1, the RGB-based experiments have

100% accuracy. However, infrared-based experiments have

minor errors because infrared images have relatively low density

indices. Experiment 3 has only one error, and Experiment 4 has

four errors in this test. If we had one more infrared camera to

monitor another eye, the accuracy could be improved, but that

change was not made in this study because of the importance of

keeping the vehicle’s black box cost low. Although, the infrared

image-based results show approximately 7–8% errors in 1 min,

the proposed method can still be used for the driver monitoring

system.

4. CONCLUSION

In this letter, we introduced algorithms for a driver monitoring

system to detect drowsy driving by sensing the driver’s eye

region, especially the pupil area, using the average values of

each row and column in event data recorders. Also, we tested

infrared projection and RGB cameras that can be used as part of

the system at any time of day. Using the output of the experi-

ment using Kinect, we can see the exact extracted pupil area by

applying the proposed algorithms not only with RGB cameras,

but also with infrared projection. Then we can determine

whether the eye is opened or closed to make the extraction pupil

area to the binary image. The pupil area is an important element

in detecting driver fatigue, so our proposed system uses the

pupil area to detect driver drowsiness. The experiment results

Figure 3 Comparison of standard deviation from RGB images. [Color figure can be viewed in the online issue, which is available at wileyonlineli-

brary.com]

Figure 4 Mean value of (a) each column and (b) each row. [Color fig-

ure can be viewed in the online issue, which is available at wileyonline-

library.com]

Figure 5 Eye region and extracted pupil images after applying the

proposed method for (a) RGB and (b) Infrared. [Color figure can be

viewed in the online issue, which is available at wileyonlinelibrary.com]

TABLE 1 Experimental Results for RGB and Infrared Images

Number of

Real Closed

Eye

Number of

Programmed

Closed Eye

Accuracy

(%)

Experiment 1 (100 frames,

RGB color image)

19 19 100

Experiment 2 (200 frames,

RGB color image)

40 40 100

Experiment 3 (100 frames,

infrared image)

28 27 96.43

Experiment 4 (200 frames,

infrared image)

62 66 93.55
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show that our fatigue monitoring system is reasonably robust

and accurate all day long. The proposed system is appealing in

that there is no need to attach additional equipment because it

uses the car’s existing black box.
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ABSTRACT: A biosensor is demonstrated using the fabricated poly-

methyl methacrylate (PMMA) microfiber, which is coated with Al-doped
ZnO nanostructure using a sol-gel process, used as the probe. The
change in the transmitted light intensity from the PMMA microfiber-

based sensor with the increase in uric acid concentration is investigated.

It is observed that the light power linearly decreases with the increase

in uric acid concentration. As the uric acid concentration increases

from 0 to 500 ppm, the transmitted light intensity reduces from 231.54

to 236.54 dBm. It is found that the sensor has a sensitivity of 0.010 dB/

ppm with a good linearity of more than 99%. VC 2015 Wiley Periodicals,

Inc. Microwave Opt Technol Lett 57:2455–2457, 2015; View this article

online at wileyonlinelibrary.com. DOI 10.1002/mop.29353

Key words: polymethyl methacrylate microfiber; fiber optic sensor; zinc

oxide; uric acid sensor

1. INTRODUCTION

Optical microfibers have gained tremendous interest in recent

years as promising components for subwavelength waveguiding

and nanophotonics device [1–3]. For instance, they have been

attracting considerable attention in physical, chemical, and bio-

logical sensors due to their unique geometry with low dimension

and large surface-to-volume ratio and their versatility for electri-

cal and optical detection. Compared with the silica and glass

counterparts, polymer optical microfibers may also play a key

role in several rapidly developing areas of broadband communi-

cations because of their lightweight, chemical specificities, low

cost, mechanical flexibility, tunable properties, easier processi-

bility, and integration [4]. Polymer microfibers, inherited from

the perm-selective nature and biocompatibility of polymer mate-

rials, also offer a number of highly attractive advantages for

sensing applications. For example, gas molecules to be detected

can be either selectively bound to their surface or diffused into

the polymer matrix, which may be difficult for other materials

such as semiconductor nanowires or glass microfibers.

To date, polymer-based microfibers or nanowires have been

achieved by various techniques such as chemical synthesis [5],

nano-lithography [6], electro-spinning [7], and mechanical draw-

ing [8]. Chemical synthesis and nano-lithography are quite com-

plicated and requires expensive facilities. The simplest and

cheapest technique is based on mechanical drawing where the

microfiber is normally drawn from solvated liquid polymer. In

this technique, the main concerns are on the nature of solvent

and concentration of polymers. Typical polymer’s solvent are

volatile organic compound which poses serious health risk to

frontline worker.

Zinc Oxide (ZnO) is a semiconductor with a bandgap of 3.3

eV and has been the subject of intense interest in recent years

for various applications such as communication, biosensor, and

so forth [9]. It has a wide range of properties including a metal-

lic to insulator conductivity range (including n-type and p-type

conductivity), high transparency, piezoelectricity, wide-band gap

semi-conductivity, room-temperature ferromagnetism, and huge

magneto-optic and chemical-sensing effects [10]. The advan-

tages of ZnO are that it can be easily processed by wet chemical

etching and has shown an excellent stability under high-energy

radiation. In addition, it can be grown in a variety of nanostruc-

tured morphologies by various low cost and low temperature

methods [11]. These nanostructures have many unique advan-

tages such as high surface area and high sensitivity even at

room temperature [10].

In this letter, a biosensor is demonstrated using a polymethyl

methacrylate (PMMA) microfiber, which is coated with Al-

doped ZnO nanostructure as the probe. The change in the trans-

mitted light intensity from the PMMA microfiber-based sensor

probe with the increase in uric acid concentration is

investigated.
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