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Abstract

The vision problem of drivers during the night is mainly owing to the high-intensity headlight-beam of the oncoming vehi-
cle from the reverse direction. It causes temporary blindness to the driver. To overcome this situation, people generally use
color windshield glass, sun visor, and night-vision glass. But, these are not considered as the best solution since it decreases
the light intensity of the entire view including the road. Many researchers used various image enhancement techniques to
overcome this situation. But, the existing approaches are unable to dim the high-beam headlights of oncoming vehicles
without affecting the road view. In this paper, a novel night-vision system is proposed to resolve the problem in real-time
for manual-driving vehicles and autonomous vehicles. The proposed method includes region segmentation of frames, local
enhancement techniques in different regions followed by adaptive Gaussian filtering. Pixels masking, gamma correction,
and low-light pixel enhancement are applied to three distinct regions. Both autonomous vehicles and manual drivers can
get a bright and a prominent view of the road with dim headlights of oncoming vehicles in real-time. Numerous heuristic
real-time test reveals the performance superiority of the projected system compared to state-of-art methods in quantitative
as well as qualitative point of view.

Keywords Automotive night-vision systems - Advanced driver-assistance systems - Computer vision - Image enhancement

1 Introduction

Over 1.35 million people in the world die per year because
of road accidents. Almost 3700 people are dying every day
in the world due to road accidents [1]. Every year, millions
of people are injured or handicapped and suffer lifelong
effects of their injuries due to their damaged body parts. A
huge percentage of road accident occurs during the even-
ing (18:00-21:00 h) and night-time (21:00-06:00 h) in the
absence of sunlight. Collisions at night for police and public
car (police =76%, public=58%) is higher than the even-
ing time (police =62%, public=41%) and obviously more
than the daytime (police =44%, public=31%) [2]. The high-
beam glare of today’s powerful headlight blinds the eyes of
a driver, which is the most dangerous situation for a driver
during the night. Drivers are unable to see the road condi-
tion, road direction, an object on roads, and places around
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the road due to the high-beam headlight glare of oncoming
cars. These are the main causes of road accidents during the
night. The road view becomes opaque due to the following
reasons. The first one is the high-beam headlight glare from
opposite direction vehicle and the second one is a very low-
light intensity and unclear view of the road due to darkness.
People generally try to solve the first problem of high-beam
headlight glare using color windshield glass.

Some people try to solve this using color spectacle
or night-vision glass to solve the first problem. As a
result, the color glass in a vehicle or spectacle sometimes
reduces the high-beam headlight glare a little bit, but it
also increases the second problem more. The view of the
road gets darker, which becomes very dangerous for driv-
ing. So, the use of color glass is not a good solution as it
increases one problem, but decreases another. A pair of
human (driver) eyes can have a clear vision if the situa-
tion of the environment is proper in all aspects, but, it is
very rare at night. Therefore, a night-time assistant system
for the driver is very essential to ensure safety during the
night. Researchers thought of applying image enhance-
ment techniques to resolve the problem of high-beam
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headlight glare at night. There are various image enhance-
ment techniques to uplift the quality of a digital image by
manipulating the attributes [3—-5]. Among them, the global
image enhancement method is most widely used where the
whole image is considered for manipulating the attributes.
Whereas the local image enhancement technique consid-
ers only a few specific parts of an image to manipulate
the attributes [6]. Few car companies are recently using a
dash camera (Dash-cam) at the front of the car to acquire
live video for image enhancement to solve the night-vision
problem faced by a driver. However, even after using the
image enhancement technique, it does not solve the actual
problem. When a high beam of light comes from any
oncoming vehicle it tries to diminish the intensity of the
headlight beam. But, as a result, it also decreases the light
of the road view along with the intensity of the headlight.

In this paper, a region-based local image enhancement
technique is proposed to improve the clarity of the road
view by dimming the headlight glare in run-time. This can
help a driver and also an autonomous vehicle for driving
at night.

The primary contributions of this paper are summarized
as follows:

e Region-based distinct local image enhancement tech-
niques are applied for three separate regions of every
frame. It will provide a bright road view along with dim
headlights of oncoming vehicles at the same time.

e To reduce the huge processing time, frames are classi-
fied into two states. The value of atmospheric light (A)
is recalculated only when a new state starts.

¢ A dynamic-patch based novel low-light vision enhance-
ment method is introduced for low-light region. A
smaller patch size is provided to darker pixels. The
use of dynamic-patch overcomes the problem of over
enhancement for the dark and the sky region of frames
and provide prominent bright output for the road and
the surrounding region.

e To reduce huge computation time, the adaptive Gauss-
ian filter (a post-processing step) is not applied to the
entire frame, it is applied only on two common bound-
ary areas of three regions. It smooths the border of
regions if the frame is segmented into three regions due
to the presence of any oncoming vehicle.

e The proposed method outperforms state-of-the-art
models for all types of frames in real-time at night.

The residual portion of this entire paper is systema-
tized in the following way. Section 2 defines related
work, Sect. 3 presents the proposed methodology. Sec-
tion 4 describes experimental results and processing time
analysis followed by a conclusion and the future scope in
Sect. 5.
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2 Related work

Night-time vehicle detection, pedestrian recognition,
driver assistance system, and traffic surveillance system
are the massive areas for research. A warning system for
lane departure [7] is developed using a PCB board which
comprises of a chip composed of one programmable logic
and a microprocessor.

A flexible and low-cost solution for real-time correction
of the fisheye distortion effect is presented for automotive
applications [8].

A color point classification method is demonstrated [9]
for the automotive applications in HIS (Hue Saturation
Intensity) space according to the distance between projec-
tion of points to the respective SI plane. It can be used to
perform a segmentation of possible obstacles (cars, trucks,
vegetation, etc.).

A design methodology of a real-time embedded system
is introduced [10] that processes the detection and recogni-
tion of road signs while the vehicle is moving. Region of
interest was extracted using the Maximally Stable Extre-
mal-Region Method. The Oriented FAST and the Rotated
BRIEEF features are used for the recognition stage.

An FPGA-based road sign detection system is proposed
[11]. The system can support enough reaction distance in
real-time driving condition up to the highest speed 110 km/h.

A gaze tracking system is presented [12] to monitor the
driver’s sight-line using ESVIR and a succinct FC neural
network. The system perceives the eye using basic pat-
terns during pixel scanning. After the vertical evolution
the evolved feature is comprehensible and can be sent to
the FC neural network directly for pattern recognition.

A GPU parallel scheme is presented for nonuniform
illumination image restoration [13]. Here, a retinex-based
method is used to decompose the actual image into bright-
ness and the reflectance components. Then, the brightness
value is adjusted through the adaptive gamma correction fol-
lowed by a non-parametric mapping to obtain the restoration.

Another GPU-based RCF-Retinex is introduced [14]
which can accelerate the region-covariance filter using
CUDA. The use of CUDA is reasonable to match the
region-covariance filter because of its successive convo-
lution operations. Hence, illumination images are obtained
within the less computation time.

Whereas, night-vision of controlling of high-intensity
headlight beam glare during the night is a challenging
topic for the researcher as there is no control of another
vehicle’s headlight intensity for a driver. Only a few
research works are available in this particular field. Some
related works are mentioned here.

Few researchers used a wireless control of headlight
intensity using a light intensity sensor. If the sensor detects
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high-intensity light of oncoming vehicles, suddenly a wire-
less instruction signal is sent to the driver of the oncoming
vehicle to dim the headlights manually [15].

Light-dependent-resistor (LDR) based high-beam light
controller [16—-18] is introduced to control high-beam head-
light. If the controller detects high-intensity light, then it
decreases the resistance of LDR. When the resistance
becomes high, then the high-beam intensity light is set as
‘ON’ and vice versa.

Fuzzy logic based intensity controller [19] is established
using a PIC Controller as hardware and the fuzzy logic tool-
box of MATLAB software. Headlight intensity and distance
of oncoming vehicles are detected using a fuzzy sensor. If
the intensity exceeds a tolerance limit, then it passes to the
controller. Fuzzification and de-fuzzification are completed
according to fuzzy rules and membership functions using
MATLAB fuzzy toolbox [20].

A wireless sensor network based headlight-intensity con-
troller is introduced using a few wireless sensors, a con-
troller, a gateway, and an analog—digital converter (ADC).
A photo-resistor determines the intensity of the oncoming
vehicle’s headlight. The ADC converts it to a digital signal
and the controller regulates the headlight intensity accord-
ingly [19, 21].

Intensity control via IR transmitter—receiver and a pho-
todiode is established with a light-emitting diode (LED).
Both the IR transmitter and the IR receiver are connected
to the power supply of 5 V and 12 V respectively [20]. The
IR transmitter detects the headlight intensity of oncoming
vehicles and transmits to the comparator via the IR receiver.
If the value is in a given threshold range, then switch on the
high-intensity LED otherwise switch on the low-intensity
LED [22-24].

Pulse-width-modulation (PWM) method regulates the
intensity of headlights using a microcontroller. Here, three
various web forms of various duty cycles such as 10%, 50%,
and 90% are used. The microcontroller can control the light
intensity by adjusting the power of the headlight [19, 25].

If we observe all the existing approaches, we can notice
that maximum approaches are used to reduce the intensity
of our own vehicle’s headlight beam, but the approaches
are unable to handle the intensity of the headlight beam of
oncoming vehicles. According to the existing approaches,
if the sensor or camera detects any high-intensity light, then
a signal is sent and the controller dims the headlight beam
accordingly.

So, the problem will be in such types of scenarios where
two vehicles are coming from the opposite direction and
both the vehicles are having a very high headlight beam.
In that case, if the first vehicle’s sensor detects the high-
intensity headlight beam of the oncoming vehicle, then
immediately the system reduces its headlight beam. Now the
first vehicle is having a low-intensity beam and the second

vehicle is having a high-intensity beam. As the first vehicle’s
headlight beam is low, so the sensor on the second vehicle
will not detect high-intensity light from the oncoming vehi-
cle (already reduced the intensity of its headlight) and it will
be unable to dim own headlight beam. Still, the driver of
the first vehicle will face the vision problem. So, the sensor
of the car, which detects the high-intensity headlight beam
from the opposite car first, will face the vision problem and
the other car’s driver will feel comfortable. This concept
is barely relevant because sensors of two opposite vehicles
cannot detect high-beam light exactly at the same time. Few
researchers [15] tried to resolve the above problem using
a light detection sensor by sending a request signal to the
oncoming vehicle for dimming the headlights. After get-
ting the request from the ongoing vehicle, the driver of the
oncoming car may reduce the intensity of his/her headlight
manually if he/she is a friendly person otherwise, the head-
light-intensity remains high.

Hence, there are several ways to handle high-intensity
head-light beam of own vehicles. Whereas, controlling the
headlight beam of the other’s vehicle is quite impossible
because no vehicle allows such a facility to control other
vehicles.

Few researchers attempted to resolve the problem using
the image processing technique [26]. Here, researcher tried
to reduce headlight intensity to improve street visibility at
night, but it reduced the light of the road surrounding view
along with headlight intensity. Another image processing
based automatic headlight-intensity controller is introduced
[27] that assist drivers parking vehicles during the day and
night time without colliding with any obstacles. This system
is used to detect and track pairs of headlights of oncoming
vehicles from color video using a low-cost camera.

Few models of many renowned car companies (such as
BMW 5, 6 and 7 Series, Audi A8, Toyota Crown Hybrid &
Landcruiser, Mercedes-Benz E, S & CL-Class, Lexus LS
& X470, Cadillas DeVille, Honda Legend, etc.) nowadays
uses the real-time camera (IR or Thermal) based traditional
night-vision display on dashboard [28, 29]. These night-
vision systems are based on image processing algorithms.
But, these are unable to provide bright road views inhibiting
high-intensity headlight beam at the same time. Enhanced
vision by a night-vision system of a traditional car running
on a dark road is shown in Fig. 1.

3 Proposed methodology

In this paper, a novel real-time night-vision system is pro-
posed to solve the problem of the high-beam headlight of
the oncoming vehicles with a minimum processing time.
The proposed concept is based on region segmentation
and region-based local image enhancement technique.
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Fig. 1 Night-vision system of
a traditional car. a Original
frame on a dark road at night
with a high-beam headlight b
enhanced vision

(@)

Drivers can get a prominent and a bright road view along
with dim headlight of oncoming vehicles at night. Dur-
ing the night, the driver’s view can be considered as a
colored frame. A driver feels vision problem and tempo-
rary blindness only for some particular region or spot of
the frame which contains the high-beam headlight of the
oncoming vehicle. So, we need not worry about all the
pixels of an entire frame, rather we can concentrate only
on the particular region where the high-beam headlight is
present. An entire frame is segmented into three separate
regions. Region 1 contains very high-beam light intensity
from an oncoming vehicle. Region 2 contains the glare
portion of region 1 and region 3 represents the remaining
region (excluding region 1 and region 2) which comprises
the road and surrounding views. Then distinct treatments
of image enhancements are applied for three regions (1,
2 and 3) separately. The enhancement of region 1 aims to
reduce the high-beam intensity so that it will not cause
any temporary blindness of a driver’s eye. Enhancement
of region 2 aims to remove the headlight glare. Similarly,
enhancement of region 3 aims to increase the visibility of
the road and surrounding environment so that the driver

feels a comfortable look. In region 1, the intensity of high-
beam headlight is reduced by decreasing brightness using
a masking function. In region 2, the gamma correction
method is applied. Similarly, in region 3, low-light vision
enhancement with dynamic-patch is applied. Finally, the
adaptive Gaussian filter is used for boundary smoothing.
The complete framework is represented in Fig. 2. Details
of the entire proposed system are explained stepwise as
follows.

3.1 Live video acquisition

Live video acquisition is the process of capturing real-time
video that can be processed dynamically. In the proposed
system, a high definition camera is installed in the front
of a car and inside the windshield glass. It is used to gen-
erate an exact view of the road just like a driver’s eye.
The camera can take a dynamic color video of 30 frames
per second (fps) with an extreme resolution of 1280 x 720
pixels. Frames are extracted for region-based local image
enhancement.

Masking of High Intensity Beam for Region 1

Live Video Acquisition

B Reduction of Reduction of the area B flag=1?
Brightness by 50 percent

Yes

Oncoming ’ Regi?nt' Gamma Correction for Region 2 Ad!ptive
; ; egmentation
Vehicle (High (S?plit e || Maximum | | Gamma | | Lookup | | Mapping of Caiin No

Intensny'HeadIlght) f into 3 [ intensity value table pixels in Filterin

Available? rame into - : - 9
regions) calculation| |selection| [formation| | LookUp table
Low-Light vision Enhancement for Region 3 — Viils
Lp| |Atmospheric|| Highest |[Transmissior|[ Scene Reconstruction
light intensity map radiance and Display
estimation calculation estimation recovery
No |

Consider the entire frame as region 3
Fig.2 Framework of the proposed night-vision system
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3.2 Oncoming vehicle detection

In real-time frames, oncoming vehicles are detected using
SSD512 (Single Shot MultiBox Detector 512) [30]. The
highest matching is picked where multiple higher intensity
pixels are assembled in a round-shaped boundary. Whenever
the system detects any headlight of oncoming vehicles in the
frame, set the flag (a variable) value=1 and the frame is seg-
mented into three regions. Otherwise, set the flag value=0
and the entire frame is considered as region 3.

3.3 Region segmentation

After frame extraction, each frame is segmented into three
regions based on the intensity of the light beam if there is
any oncoming vehicle with high-intensity headlight. Regions
are: core headlight region (region 1), glare region (region 2),
and the remaining region (region 3). If there is no oncom-
ing vehicle, then no need to segment the frame. In that case,
the entire frame is considered region 3. Here, a combined
and modified segmentation algorithm is used. Every frame
contains noisy luminance due to the high-beam intensity of
headlight and high glare. Therefore, edge-based and region-
based segmentation methods [31] are used to segment the
region 1 and region 2 respectively.

A combination of two segmentation methods is used
sequentially to get the best segmentation result. To extract

the core headlight zone (region 1), the Canny Edge-Detector
[32, 33] is used with a huge threshold sigma (o) value of
100. The Canny Edge-Detector involves smoothing, finding
gradients and magnitudes, non-maxima suppression, double
thresholding, edge tracking, and linking by hysteresis [34,
35].

To extract the glare portion (region 2), the Seeded
Region-Growing technique is used. Seeded Region-Growing
technique [36, 37] grows up to a certain threshold value
starting from few initial seed points by finding all similar
areas of connected pixels with some homogeneous charac-
teristics (such as intensity) [38, 39]. It Stops growing the
region when there are no more pixels available that met the
criterion to include in that region. The points on the bor-
der of region 1, are considered initial seed points. Finally,
region 3 (remaining portion) is extracted. The segmentation
progression is shown in Fig. 3. A comparison of segmenta-
tion of frames by a few popular techniques [31] is exposed
in Fig. 4.

3.4 Region-based local enhancement

After segmentation, three different region-based local
enhancement techniques are applied for three separate
regions. As the aim is to provide a clear and comfortable
vision for the driver during the night. Enhancement tech-
niques for three regions are as follows:

Fig.3 Process of segmentation of a frame with high beam and glare. a The original frame b core headlight portion (Region 1) is extracted ¢
Glare portion (region 2) is extracted d three regions (1, 2, and 3) are segmented

Region 1

Region 3

Fig.4 Comparison of visual representation of output frames by few popular segmentation techniques [31] a original frame, segmentation using

b Prewitt ¢ Sobel d log Gaussian e Canny f proposed combined method
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3.4.1 Masking of high-intensity beam for region 1

Region 1 consists of the core headlight region with very
high-beam light. The target is to reduce high-intensity
light in such a way that the light will not affect the driver’s
eye for vision. However, the driver should perceive the
existence of the oncoming vehicle. Hence, the brightness
of region 1 is reduced by a constant factor. A masking
function is defined to reduce the brightness of each pixel
(intensity > P1) by subtracting a positive constant value of
80 to make the pixels darker. Besides, it reduces the area
of the core headlight region by 50 percent. The masking
function that decreases the brightness of region 1, is shown
in Fig. 5. Pixels whose intensity values are less than those
of point P1, the resultant intensity remains unchanged.
As each pixel is an eight-bit representation, henceforth
intensity values are saturated at a maximum level of 255.
The position of point P1 is finalized at intensity level 150.

3.4.2 Gamma correction for region 2

The region 2 consists of the glare portion caused by the
high-beam headlight. The target is to remove the glare
and to see the clear road view. The intensity of a monitor
screen, which emits light by a given input signal, is usually
not a linear function. The intensity produced by a monitor
depends on the power factor of the voltage provided in it.
This power factor is known as gamma. We can represent
gamma while increasing the intensity of dark and low con-
trast image by:

1=V’ (1)

P1

100

I[X.¥]

o 50 100 150 200 2557

Fig.5 Masking function to reduce the brightness of region 1
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and while decreasing the intensity of bright and high con-
trast image by:

1=V (2)

where the voltage (V) drives the electron, flow is related to
the light intensity (/) emitted by the monitor, and gamma (y)
is the power factor (constant). The representation of light
intensity for various gamma (y) value is demonstrated in
Fig. 6.

By gamma correction method [40, 41] we can correct the
non-linearity function. The steps involved in gamma correc-
tion through a look-up table are given:

Step 1. Input image

Step 2. Determine the maximum pixel intensity

Step 3. Select the value of Gamma

Step 4. Look-Up table formation

Step 5. Mapping of input pixel in the Look-Up table

Step 6. Output Image

After determining the maximum intensity value from the
input image, the crucial step is the look-up table formation
and the selection of gamma value [42]. The formation of the
look-up table for an 8-bit image frame is given below.

Look-Up Table =

. . <[0 : Max_intensity]” >‘
Max_intensity X

Max_intensity
3
Consider a sample frame where the highest intensity is
221, and the value of gamma (y) applied is 0.5. So, the for-
mation of the look-up table for each Index position will be:

to : 221]%3
221

Look-Up Table = ‘221 X <[0 : )

-
)

Brighter Images
gamma < 1.0

gamma >1.0

Output Pixel Value

Darker Images

0 Input Pixel Value 1.0

Fig.6 Variation of light intensity for different gamma (y) value
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After the formation of the look-up table, input image
pixels are mapped to the values in the look-up table. At the
beginning, the first pixel of the image frame is considered
and the intensity is calculated. At that time the correspond-
ing look-up table index is checked. Finally, the matching
value in the look-up table is collected to create a new image
frame as demonstrated in Fig. 7. In this way, the region 2
(i.e.: headlight-glare portion) of all the frames are corrected
one by one.

3.4.3 Low-light vision enhancement for region 3

In the case of night driving, region 3 of a frame contains a
darker view of the road and the surrounding environment
without any high-intensity beam and any headlight glare.
Hence, the entire frame comes under region 3.

Some low-light image enhancement methods are intro-
duced in recent years [43-51]. A Light invariant real-time
recognition method is introduced which can detect hand
gestures under various low-light conditions [52]. However,
the low-light vision of region 3 is enhanced by maximum
filtering grounded on the atmospheric light scattering model
with a dynamic-patch and a dynamic atmospheric light for
different states. This approach works effectively and pro-
vide an outstanding result for region 3 at night. In computer
vision, the atmospheric light scattering model [53-55] is
broadly used to define the formation of haze image by the
given equation:

1(p) = J(p)t(p) + A(1 — 1(p)) 5)

where (A) is the atmospheric light. I(p) is the desired
intensity of pixel p. J(p) is the original light intensity of the
object. #(p) describes the light emitted from the object. When
the atmospheric light is similar, then the transmission map
t(p) can be revealed as:

RGB Values
Image Pixels Three 8-Bit Numbers
8-Bit Number 0 [12,116,0
ZUEIRN | s
2 3 3 "
112 (112 |3 \\‘3 13,201, 101
112 148 (67 | 4 [455.27,233 | [—_ ==
98 |4 —
s (L Ll —
255 (90, 222, 32 upu
Frame

Input Frame Index | ooKUP TABLE

Fig. 7 Mapping of image pixels to the values in look-up table

where £ is a coefficient of scattered (A), and d(p) is pixel p’s
scene depth. In the same image, where f is constant, #(p) is
determined by d(p), the distance between the object and the
camera. For the image captured in a clear environment, f§ =
0 and without considering its effect, we got I = J. Similarly,
when an image is captured in a low-light environment, then
p>0 and it turns into a non-negligible value. A frame is
split into multiple small patches of size €. The low-light
vision enhancement process aims to compute J from / with
the help of A and 7.

The local patch Q(p) size is provided dynamically
depending upon the intensity of the local pixels as follow:

3 x 3Vpixels where itensity < 85
5 X 5V pixels where 86 < itensity < 170 @)
9 X 9Vpixels where itensity > 170

Q(p) =

In every patch at least one of the RGB values has the
lowest value. The maximum filter is applied to every local
patch of three RGB channels. The frame generated using
this process has a very high intensity. The highest value of
intensity M€"(p) of any pixel is estimated as follows:

[hiehest(py = max ( max I¢
B = i b T P ®)

Here, I is the input frame after fog removal, I° is the color
channel of I, I"g"st ig the maximum intensity of 7, and Q(p)
indicates the local dynamic-patch for the p location. The
highest intensity is the result of two commutative max oper-

ators: max is made on all the pixels and max is the maxi-
ce{r.g.b} ye{Q(p)}

mum filter.

The atmospheric light (A) is the average value of intensity
in each color channel of RGB of the brightest 0.1% pixels
(denoted as K) in the bright channel of /.

A i Z Ihighest(p) (9)

Ik =

The source of atmospheric light (A) on the road is caused
by streetlights and headlights. The road vision (frame) at
night is classified into two states. a) Consist of headlights
of forthcoming vehicles a) No headlights of any oncom-
ing vehicles. Many real-time experiments are conducted
and observed almost similar values for the same state. The
value of (A) is calculated when a particular state starts and
no need to calculate it until the change of the state and so
on. Now, normalization of the Eq. (5) of a hazy frame is
done as follows:

Fp) T
2 = i)

+ U =1(p)) (10)
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Afterward, the highest intensity is calculated by putting
the max operator on each side of the Eq. (10):

O J(p) B
(s 52 ) = 0 gy (s 52 ) 01 - 00
an

Here, #(p) is the transmission map. As J is a clear and
bright output frame, so the highest intensity of J is tends
to 255, i.e.:

Jhighest(p) = max

J¢ =255
max (maxJ (o)) (12)

Putting Eq. (12) into Eq. (11), we have

Ihighesl(p) 3 255
e =+ -1p) 13)

From Eq. (13) the transmission #(p) is assessed by

Ihighest(p) — A¢

14
255 — A¢ (14

1p) =
Sometimes t(p) becomes close to zero. Then, the out-
put J(p) becomes a little bit noisy. To keep away from
such a problem, #,=0.15 is finalized after several real-time
experimental analyses. The ultimate scene radiance J(p)
is recovered by
Ip)—A

J(P)=m+f4 (15)

3.5 Adaptive gaussian filtering to smooth
the boundary of regions

As different enhancement methods are applied in differ-
ent regions, the pixel values on the boundary of different
regions would not be smooth.

There are various filters available for smoothing and
removing noise from images. Most widely used filtering
methods are Beltrami Filter [56], Kuwahara Filter [56],
Nonlocal Means Filter [57, 58], CLAHE with Rayleigh,
uniform and exponential distributions [59], SUSAN Filter
[56], Bilateral Filter [56, 60], Wavelet Denoising/ Thresh-
olding [56], Wiener Filter [56], Anisotropic Diffusion Fil-
ter [61], Neural Network Filters [62], Adaptive Gaussian
filter [63], etc. To remove the boundary spot line between
the region 1, 2 and 3, most of the filtering methods are
tested for the frames which are obtained after enhancement
of three regions. It is observed that the Additive Gaussian
Filter gives the best output for most of the frames with
respect to smoothness and clearing of border spots in
between the two regions.

@ Springer

Therefore, when the frame is segmented into three
regions due to the presence of any oncoming vehicle, the
adaptive Gaussian filter [63] is applied. It is applied only
on the boundary and surrounding pixels (not to the whole
frame) for smoothing the final output. Eight adjacent pixels
in all directions of all boundary pixels are considered for
filtering.

3.6 Video reconstruction and display

After the enhancement of three regions followed by adaptive
Gaussian filtering, fresh video is reconstructed by arranging
all frames in actual sequential order to display the real-time
video. The real-time, fresh video is displayed on a 13-inch
monitor with a maximum display resolution of 1920 x 1200.
The monitor is installed just above the dashboard so that
the driver can see the live real-time processed video during
driving.

4 Experimental results

The proposed system is tested in different conditions during
the night-time (such as presence and absence of high-beam
headlights of oncoming vehicles). After many real-time test-
ing, outstanding results for most of the frames are observed.
The experimental results of this proposed approach for
frames with high-intensity headlights of oncoming vehicles
are shown in Fig. 8. Results for frames (real-time and from
“BDD Dataset (BDD100K)” [64]) with no headlights (no
oncoming vehicle) are shown in Fig. 9.

For assessment of the overall enhancement method,
region-wise luminance of frames before and after enhance-
ment are observed. To evaluate how well that glare can be
removed, the luminance of regions 1,2 and 3 are calculated
before and after enhancement. Luminance defines the meas-
urement of light that is emitted, passed through, or reflected
from any surface from a solid angle. It also specifies the
amount of luminous intensity that can be perceived by the
human eye, i.e. the amount of light that reaches the eye. The
luminance of a pixel in a color frame is calculated as follows.

First, s(RGB) 8-bit integer value is converted to decimal
0.0-1.0 dividing by 255, i.e.

. { S(R/G/B)

255 (16)

Then, RGB values are converted into linear values using
“accurate” transform as follows.
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Frame 2

Fig. 8 Experimental result of two frames (Frame 1: Frame with the high-intensity headlight of an oncoming bike in the evening, Frame 2: Frame
with the high-intensity headlights of an oncoming car at night) by the proposed system. a Original frame b after enhancement of region 1 & 2 ¢
obtained the highest intensity by dynamic-patch d transmission map e final output after low-light enhancement of region 3 and adaptive Gauss-
ian filter

(a) (b) © (d)

Fig.9 Low-light enhancement of frames (real-time frames and frames from “BDD Dataset (BDD100K)” [64]) with no high-beam headlight of
any oncoming vehicle a original frame b obtained the highest intensity by dynamic-patch ¢ transmission map d output frame
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Table 1 Region wise luminance value before and after enhancement

Before Enhancement

After Enhancement

Observations Avg. luminance Avg. luminance

Avg. luminance

Avg. luminance Avg. luminance Avg. luminance of

of all pixels of of all pixels of of all pixels of of all pixels of of all pixels of all pixels of region 3

region 1 region 2 region 3 region 1 region 2
1 0.867 0.621 0.133 0.521 0.463 0.362
2 0.881 0.711 0.175 0.621 0.432 0.358
3 0.915 0.801 0.141 0.643 0.488 0.389
4 0.897 0.635 0.083 0.582 0.414 0.322
5 0.854 0.611 0.092 0.544 0.482 0.291
6 0.923 0.724 0.103 0.612 0.403 0.356
Mean 0.890 0.684 0.121 0.587 0.447 0.346

V' /1229 V' < 0.04045 ¢ Rapid fluctuation of the atmospheric light (A) within the
Viinear { < vV +0.055 )2'4 V' > 0.04045 a7 same state.
1.055 ) e Regions are not segmented perfectly.

Finally, the luminance (L) is calculated as follows.

L= (02126 X Ry;,) + (0.7152 X Gy,) + (0.0722 X By;,)
(18)

where L is the luminance and R}, Gy;,, and By;, are the nor-
malized (linear) value of red, green, and blue components
of the respective color [65, 66].

Few close observations of change of luminance value
before and after enhancement are revealed in Table 1.

In Table 1, it is observed that the luminance of regions
1 & 2 are reduced and the luminance of region 3 is
increased for all the observations. Hence, it can be defined
as satisfactory enhancement and it can also be called as
“enhanced properly”.

Results of real-time experiments along with accuracy
obtained by the proposed system are shown in Table 2. The
proposed approach has also been trialed on “BDD Dataset
(BDD100K)” [64] (contains plenty of night-time driving
images). An outstanding result is observed on the dataset.
The result obtained from the dataset is shown in Table 3,
where “enhanced properly” indicates the enhancements of
all the regions (1, 2, and 3) are satisfactory. Whereas “Una-
ble to remove headlight glare” indicates all the headlights
are detected, but the enhancement result is not satisfactory
in terms of luminance (i.e. either the luminance of region 1
and region 2 is not reduced or luminance of region 3 is not
increased).

In Table 2 and Table 3, it is observed that all the frames
with no oncoming vehicles are enhanced perfectly using the
proposed approach. Most of the frames with the high-inten-
sity headlight beam are also enhanced perfectly using the
proposed approach. However, few frames are not enhanced
properly because of the following reasons:

@ Springer

e If a entire frame covered by region 1 and 2 (no region 3).

Few frames, which are not enhanced properly are shown
in Fig. 10.

4.1 Processing time analysis

In the case of driving, the timing-factor is very vital. If a
driver is unable to see the road at the same time as live then
there will be a high chance of an accident. There should not
be a big delay between live video acquisition and recon-
structed video display. In this proposed system, the total pro-
cessing of a frame is only a few milliseconds that a driver’s
open eye will take to look like an original live video. The
presented system is developed on a PC running Windows 10,
on an i7 processor. A Logitech webcam is used to capture
video. The camera is capable of capturing 30fps video with
a maximum resolution of 1080 % 720 pixels in RGB format.
Time taken (in milliseconds) by the entire process for vari-
ous frame sizes, is exposed in Fig. 11. Time consumption of
only the segmentation part is shown in Fig. 12.

Main strategies behind such a less processing time are
as follows:

e Inregion 3, the atmospheric light (A) is not calculated in
every frame, it is calculated only when a new state starts.

e The adaptive Gaussian filter is not applied to all the pix-
els of frames. It is applied only on two boundary areas
(eight adjacent pixels of each boundary pixel in all direc-
tions) of three regions for smoothing the region borders.
Smoothing is applied only if a frame consists of any
high-beam headlight of an oncoming vehicle.

The compression of processing time among the proposed
method and the existing methods, which reduces headlight
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Table 2 Real-time test results with accuracy

Accuracy in
percentage

(%)

Low-light Unable to

Frames with

Accuracy in
percentage

Unable to
(%)

high-intensity
headlight glare

No. of oncoming Frames that

Total no.

Duration of real-

enhance Low-
light vision

vision (Region
3) enhanced
properly

no oncoming

vehicle

remove high-

time experiments of frames vehicles crossed detected high-

(in second)

intensity head-
light glare from

region 1 & 2

removed from
region 1 & 2

intensity head-
light of oncom-
ing vehicles

(Region 3)
properly

successfully

100.00

578
602
851

578
602
851

97.89

139
293
576

142
298
589

720
900

24
30
48

100.00

98.32
97.79

100.00

13
12
13
13
14
25

4
7
6

1440
2160
2880
5040
7200
9900

100.00

1107
1978
3467
5044
7616

1107
1978
3467
5044
7616

98.86
98.56
99.17

1041
889

1053
902

72
96

100.00

100.00

1560
2142
2259

1573
2156
2284

11

168
240
330

100.00

99.35

14
15

100.00

98.91

Avg. accuracy of low-light vision enhancement of dark 100.00

98.61

Avg. accuracy of high-intensity headlight-glare

Average accuracy:

frames by the proposed method

removal by the proposed method

Bold text signifies the results obtained by the proposed method

intensity using image processing techniques for 1024 x 720
frame size, is shown in Fig. 13.

4.2 Quantitative performance

As the ground truth of output frames are unknown, so no-
reference (NR) methods are used to compare the objective
quality-based assessment of our proposed approach with
state-of-art techniques. No-reference free energy-based
robust-metric for contrast-distortion (NIQMC) and blind
image quality measure of enhanced images (BIQME) are
used for effective assessment of performance [67, 68].

NIQMC evaluates the quality of an image by its local
particulars and global histogram of the image. NIQMC
particularly favors the images with higher contrast. Thus,
higher NIQMC values indicate better image contrast quality.
BIQME comprehensively considers five influencing factors,
i.e., contrast, sharpness, brightness, colorfulness, and natu-
ralness, and 17 associated features to blindly predict visual
quality. A higher BIQME indicates better image quality.

We could not find any such existing approach that can
reduce the headlight intensity of oncoming vehicles and
improve road visibility at the same time. However, in exist-
ing approaches, researchers used various assessment tech-
niques to compare their results and efficiencies to other
low-light vision enhancement methods. There is no com-
mon assessment technique that is used by all researchers in
a common platform for compression. Hence, it is not pos-
sible to compare the performance of the proposed method
with existing approaches with the help of data available in
the state-of-the-art methods. Therefore, to normalize the
assessment and to compare the state-of-the-art methods
with the proposed method, a common CPU and two common
assessment techniques are used. The CPU configuration is
Intel (R) Core (TM) i7-10510U @ 2133 MHz, 8§ GB RAM,
and 500 GB SSD, and the NIQMC and BIQME assessment
methods are used to compare the efficiency of the proposed
method with existing methods. The corresponding values of
NIQMC and BIQME of the existing algorithms are recal-
culated along with the proposed method to make a signifi-
cant compression. A comparative performance assessment
(average of 10 output frames during the night) among exist-
ing methods in terms of NIQMC and BIQME is exposed in
Fig. 14. Figure 14 reveals the performance superiority of
our proposed technique compared to previously introduced
low-light vision enhancement methods.

4.3 Comparative analysis with existing methods
There are few existing works which can control the headlight

beam. But, most of them are used to reduce the headlight
intensity of their own vehicles. Only a few methods are able

@ Springer
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Table 3 Test result observed by the proposed method on the BDD dataset (BDD100K)

Total no. of night-time driving image tested =1210 Enhanced properly Unable to enhanced properly Accuracy in
percentage
(%)
Images with high intensity headlight of oncoming vehi-  Headlight glare removed Unable to remove headlight glare =5 97.81
cle=228 successfully =223
Low-light vision Unable to enhance Low-light vision 100.00

Images with no oncoming vehicle=972

(Region 3) enhanced

properly =972

(Region 3) properly =0

@ (b)

©

Fig. 10 Frames, which are not enhanced properly a original frame b obtained highest intensity by dynamic-patch ¢ transmission map d output

frame
0 9 o

70 B8R 5 oa o
o)) S IV N L L
g %0 ID IS B A R
~
QO O © O O O © O O

FGC N i S

D S O RN I S SRS

RO S LA U LR

Fig. 11 Processing time observation (CPU Configuration: Intel(R)
Core (TM) i7-10510U @ 2133 MHz, 8 GB RAM, and 500 GB SSD)

30 23 5
— N =] D P T T ST N
2 20 = N H o m ]
£ N o g ol {
= 10 . . o~
E
L PO N S S
0+ b°+ @‘F b9+ be+ v °+ 0+ Q)°+
RO S S G G A U U

Frame Resolution

Fig. 12 Segmentation time observation of various frame which con-
tents a pair of headlight (CPU Configuration: Intel(R) Core (TM)
i7-10510U @ 2133 MHz, 8 GB RAM, and 500 GB SSD)
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AHIC&SCIV [27] eesssssssssssssssmmm 458
RITISV [26] mo——— 305.5
NVSBMW [28] meesssssss 195.3
Proposed Method mmm 72.8
0 100 200 300 400 500

Processing Time (ms)

Fig. 13 Compression of processing time among the proposed method
with the existing image processing based headlight diming methods
for a fixed frame size of 1024 x 720

to dim headlight beam of the other (oncoming) vehicle and
unable to produce a prominent view of the road at night.
However, a method wise comparison among the existing
attempts is exposed in Table 4.
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LIEMDV [49]
AVMCELI [50]
LIME [51]
Proposed Method

s 3.6581
2.6587 4.0269

2.3001 ’

Flszss 3.2154
1.2157
e T
2.0148
3.1223
CREY] 4.2698
WP 4.9665
e o T
3.6215

5.1101

0 1 2 3 4 5 6

ENIQMC mBIOME

Fig. 14 Quantitative performance assessment for the enhancement methods. a NIQMC. b BIQME

4.4 Limitation and discussion

The proposed system provides prominent output for maxi-
mum real-time frames at night. Yet, it has a few limits. The
system yield noisy output in a few rare cases as follows:

o If the headlight fluctuates unexpectedly within the same
state, but atmospheric light is estimated previously.

e Ifregions are not segmented perfectly.

e [f the glare of the headlights of oncoming vehicle spread
in the entire frame and the road (region 3) is not visible.

Yet, these problems are temporary and happen rarely.

5 Conclusion and future works

The proposed real-time automotive night-vision system
provides an enhanced view of the road by suppressing
the high-beam headlight glare of oncoming vehicles. The
driver won’t feel temporary blindness due to high-intensity
headlight glare. The problem of enhancing the road view
while dimming the headlights, which cannot be handled
properly using night-vision spectacle glass or color coating
windshield glass or any traditional night-vision systems, is
smartly solved in the proposed system. It can dim headlight
and can enhance the road view at the same time. Through
this system, a driver can have a comfortable real-time vision

@ Springer
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in all conditions (i.e., presence or absence of high-intensity
headlights of oncoming vehicles) during the night. The com-
putation time, which is one of the most important criteria
for driving has also been given due importance. Tests are
conducted in different road conditions during the night and
achieved an outstanding result with minimum processing
time. This system can be installed in any vehicle which gen-
erally plies at night. The driver, as well as passengers, can be
out of risk using this system. Pedestrians also can walk on
the road safely if everybody uses the proposed system. The
system can be used both in manual-driving vehicles and in
autonomous vehicles. Road accidents throughout the night-
time will also decrease.

In the future, the proposed work will be extended using
smaller patch size in the darker region to handle rapid fluc-
tuation of headlights. Multiple cameras may be used for bet-
ter quality video acquisition and fast enhancement of regions
through image fusion. Segmentation of regions from the
frames can be done more accurately by employing noise-
robust schemes. Quantitative and qualitative performance
will be enhanced by grouping headlight beam according to
intensity such as: very high, high, medium, low, etc.

Acknowledgements The authors would like to acknowledge the
National Institute of Technology Agartala, Tripura, India for provid-
ing a world-class research environment including research laboratory.

Declarations

Conflict of interest The authors declare that they have no conflict of
interest.

References

1. Organization, W.H.: Violence and injury prevention and World
Health Organization: Global Status Report on Road Safety 2018:
Supporting a Decade of Action, Geneve (2018)

2. Rolison, J.J., Regev, S., Moutari, S., Feeney, A.: What are the
factors that contribute to road accidents? An assessment of law
enforcement views, ordinary drivers’ opinions, and road accident
records. Accid. Anal. Prev. 115, 11-24 (2018). https://doi.org/10.
1016/j.aap.2018.02.025

3. Singh, M, Tiwari, R.K., Swami, K., Vijayvargiya, A.: Detection
of glare in night photography. In: 23rd International Conference
on Pattern Recognition (ICPR), Cancun, pp. 865-870 (2016)

4. Choudhary, S.K., Suman, R., Sonali, B.H.: Electronic head lamp
glare management system for automobile applications. Int. J. Res.
Advent Technol. 2(5), 402-416 (2014)

5. Andalibi, M., Chandler, D.: Automatic glare detection via pho-
tometric, geometric, and global positioning information. S&T
Int. Symp. Electron. Imaging Auton. Veh. Mach. 2017(6), 77-82
(2017)

6. Singh, K.B., Mahendra, T.V., Kurmvanshi, R.S., Rao, C.V.: Image
enhancement with the application of local and global enhance-
ment methods for dark images. In: 2017 International Conference
on Innovations in Electronics, Signal Processing and Communica-
tion (IESC), pp. 199-202 (2017)

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

Velez, G., Cortés, A., Nieto, M., et al.: A reconfigurable embed-
ded vision system for advanced driver assistance. J. Real-Time
Image Proc. 10, 725-739 (2015). https://doi.org/10.1007/
s11554-014-0412-3

Turturici, M., Saponara, S., Fanucci, L., et al.: Low-power DSP
system for real-time correction of fish-eye cameras in automo-
tive driver assistance applications. J. Real-Time Image Proc. 9,
463-478 (2014). https://doi.org/10.1007/s11554-013-0330-9
Rotaru, C., Graf, T., Zhang, J.: Color image segmentation in HSI
space for automotive applications. J. Real-Time Image Proc. 3,
311-322 (2008). https://doi.org/10.1007/s11554-008-0078-9
Farhat, W., Faiedh, H., Souani, C., et al.: Real-time embedded
system for traffic sign recognition based on ZedBoard. J. Real-
Time Image Proc. 16, 1813—1823 (2019). https://doi.org/10.1007/
s11554-017-0689-0

Hmida, R., Ben-Abdelali, A., Mtibaa, A.: Hardware implementa-
tion and validation of a traffic road sign detection and identifica-
tion system. J. Real-Time Image Proc. 15, 13-30 (2018). https://
doi.org/10.1007/s11554-016-0579-x

Yu, Y.H., Ting, Y.S., Kwok, N., et al.: High-speed gaze detection
using a single FPGA for driver assistance systems. J Real-Time
Image Proc (2020). https://doi.org/10.1007/s11554-020-01004-8
Cheng, K., Yu, Y., Zhou, H., et al.: GPU fast restoration of non-
uniform illumination images. J. Real-Time Image Proc. 18, 75-83
(2021). https://doi.org/10.1007/s11554-020-00950-7

Yang, X., Jian, L., Wu, W,, et al.: Implementing real-time RCF-
Retinex image enhancement method using CUDA. J. Real-
Time Image Proc. 16, 115-125 (2019). https://doi.org/10.1007/
s11554-018-0803-y

Tripathy, A.K., Kayande, D., George, J., John, J., Jose, B.: Wi
lights: A wireless solution to control headlight intensity. In: 2015
International Conference on Technologies for Sustainable Devel-
opment (ICTSD), Mumbai, pp. 1-5 (2015)

Sourav, C.P., Karthika, K.A., Saju, A., Gayathri, T.: Automatic
headlight intensity controller. Int. J. Res. Appl. Sci. Eng. Technol.
7(5), 1592-1595 (2019)

Lakshmi, K., Nevetha, R., Ilakkiya, S.N., Ganesan, R.: Automatic
vehicle headlight management system to prevent accidents due to
headlight glare. Int. J. Innov. Technol. Explor. Eng. 8(9), 757-760
(2019)

Arpita, K., Akhila, MJ., Avi, K.R.: Automated headlight intensity
control and obstacle alerting system. Int. J. Eng. Res. Technol.
6(13), 1-6 (2018)

Chilla, D., Joshi, M., Kajale, S., Deoghare, S.U.: Headlight inten-
sity control methods a review. Int. J. Innov. Res. Comput. Com-
mun. Eng. 4(2), 1140-1146 (2016)

Mutua, P.W., Mbuthia, M.: Intelligent lighting system design with
fuzzy logic controller. Int. J. Electron. Commun. Technol. 6(2),
9-14 (2015)

Karthik, M.M.: Automated headlight intensity control and obsta-
cle alerting system. Int. Res. J. Eng. Technol. (IRJET). 3(6),
2553-2555 (2016)

Reshma, J.S., Raj, M.S.: Security alarm using IR transmitter. Int.
J. Pure Appl. Math. 119(12), 11557-11566 (2018)

Vigil, M.S.A., Sikerwar, N.K.D., Joshi, M.: A review on RC-home
automation using LDR and IR sensors. Int. J. Pure Appl. Math.
118(20), 3555-3560 (2018)

Kaushik, K.S., Athish, S., Shetty, V., Kumar, Y.: Automatic
brightness adjustment of streetlights based on the presence of
vehicles. Int. J. Adv. Res. Comput. Sci. Softw. Eng. 7(5), 282284
(2017)

Hamza, S.A.E., Mustafa, A.B.A.: The use of pulse width modula-
tion “PWM” Technique in LED lighting systems. Int. J. Sci. Res.
3(11), 2316-2320 (2014)

@ Springer


https://doi.org/10.1016/j.aap.2018.02.025
https://doi.org/10.1016/j.aap.2018.02.025
https://doi.org/10.1007/s11554-014-0412-3
https://doi.org/10.1007/s11554-014-0412-3
https://doi.org/10.1007/s11554-013-0330-9
https://doi.org/10.1007/s11554-008-0078-9
https://doi.org/10.1007/s11554-017-0689-0
https://doi.org/10.1007/s11554-017-0689-0
https://doi.org/10.1007/s11554-016-0579-x
https://doi.org/10.1007/s11554-016-0579-x
https://doi.org/10.1007/s11554-020-01004-8
https://doi.org/10.1007/s11554-020-00950-7
https://doi.org/10.1007/s11554-018-0803-y
https://doi.org/10.1007/s11554-018-0803-y

2208

Journal of Real-Time Image Processing (2021) 18:2193-2209

26.

217.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

Sathe, A., Roshankhede, P., Golar, P., Chitatwar, C.: Reducing
headlight intensity to improve street visibility. Int. J. Adv. Res.
Ideas Innov. Technol. 4(2), 1682—-1686 (2018)

Jenipher, S.A., Aswin, P., Gowsalya, S., Devi, C.M., Baskaran,
D.: Automated headlight intensity controller and speed control in
vehicles. J. Netw. Sec. 7(2), 1-5 (2019)

Ahire, A.A.: Night vision system in BMW. Int. Rev. Appl. Eng.
Res. 4(1), 1-10 (2014)

Yawale, A.D., Raskar, V.B.: Pedestrian detection by video pro-
cessing using thermal and night vision system. Int. Res. J. Eng.
Technol. (IRJET) 03(12), 852-858 (2016)

Liu, W., Anguelov, D., Erhan, D., Szegedy, C., Reed, S., Fu, C.-Y.,
Berg, A.C.: SSD: single shot multibox detector. In: Computer
Vision and Pattern Recognition. Springer, Cham (2016)
Zaitoun, N.M., Agel, M.J.: Survey on Image Segmentation Tech-
niques. In: International Conference on Communication, Manage-
ment and Information Technology ICCMIT 2015), Prague, Czech
Republic, pp. 797-806 (2015)

Kabade, A.L., Sangam, V.G.: Canny edge detection algorithm.
Int. J. Adv. Res. Electron. Commun. Eng. (JARECE) 5(5), 1292-
1295 (2016)

Xin, G., Ke, C., Xiaoguang, H.: An improved Canny edge detec-
tion algorithm for colour image. In: IEEE 10th International Con-
ference on Industrial Informatics, Beijing, pp. 113-117 (2012)
Rong, W., Li, Z., Zhang, W., Sun, L.: An improved Canny edge
detection algorithm. In: 2014 IEEE International Conference on
Mechatronics and Automation, Tianjin, pp. 577-582 (2014)
Canny, J.: A computational approach to edge detection. IEEE
Trans. Pattern Anal. Mach. Intell. 8(6), 679-698 (1986)

Verma, O.P., Hanmandlu, M., Susan, S., Kulkarni, M., Jain,
P.K.: A simple single seeded region growing algorithm for color
image segmentation using adaptive thresholding. In: 2011 Inter-
national Conference on Communication Systems and Network
Technologies, Katra, Jammu, pp. 500-503 (2011)

Adams, R., Bischof, L.: Seeded region growing. IEEE Trans.
Pattern Anal. Mach. Intell. 16(6), 641-647 (1994)

Kamdi, S., Krishna, R.K.: Image segmentation and region grow-
ing algorithm. Int. J. Comput. Technol. Electron. Eng. 2(1),
103-107 (2012)

Mancas, M., Gosselin, B., Benoit, M.: Segmentation using
a region growing thresholding. In: Proceedings of SPIE-The
International Society for Optical Engineering, Belgium, pp.
388-398 (2006)

Rahman, S., Rahman, M.M., Abdullah-Al-Wadud, M., Al-
Quaderi, G.D., Shoyaib, M.: An adaptive gamma correction for
image enhancement. EURASIP J. Image Video Process. 35(1),
1-13 (2016)

Huang, S.C., Cheng, F.C., Chiu, Y.S.: Efficient contrast
enhancement using adaptive gamma correction with weight-
ing distribution. IEEE Trans. Image Process. 22(3), 1032-1041
(2013)

Kaur, N., Seema, K.S.: Improved adaptive gamma correction tech-
nique on gray scale images using image enhancement. Int. J. Adv.
Comput. Eng. Netw. 4(4), 55-59 (2016)

Ren, Y., Ying, Z., Li, T.H., Li, G.: LECARM: low-light image
enhancement using the camera response model. IEEE Trans. Cir-
cuits Syst. Video Technol. 29(4), 968-981 (2019)

Lv,F,Lu, F., Wu,J,, Lim, C.: MBLLEN: Low-light image/video
enhancement using CNNGs. In: 29th British Machine Vision Con-
ference, Northumbria University, UK, pp. 1-13 (2018)

Lv, F., Li, Y., Lu, F.: Attention guided low-light image enhance-
ment with a large scale low-light simulation dataset (2019). arXiv:
1908.00682

Tanaka, M., Shibata, T., Okutomi, M.: Gradient-Based Low-
Light Image Enhancement. 2019 IEEE International Conference

@ Springer

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

on Consumer Electronics (ICCE), Las Vegas, NV, USA, pp. 1-2
(2019)

Navinprashath, R., Bhat, R., Chepuri, N.K., Manalody, T.K.,
Ghosh, D.: Real time enhancement of low light images for low
cost embedded platforms. Electron. Imaging. 2019(9), 3611-3614
(2019)

Gu, Z., Chen, C., Zhang, D.: A low-light image enhancement
method based on image degradation model and pure pixel ratio
prior. Math. Probl. Eng. 2018(9), 1-19 (2018)

Kim, W,, Lee, R., Park, M., Lee, S.: Low-light image enhance-
ment based on maximal diffusion values. IEEE Access 7, 129150—
129163 (2019)

Hsieh, P.W., Shao, P.C., Yang, S.Y.: Adaptive variational model
for contrast enhancement of low-light images. SIAM J. Imag. Sci.
13(1), 1-28 (2020)

Guo, X, Li, Y., Ling, H.: LIME: Low-light image enhancement
via illumination map estimation. IEEE Trans. Image Process.
26(2), 982-993 (2017)

Chaudhary, A., Raheja, J.L.: Light invariant real-time robust hand
gesture recognition. Optik 159, 283-294 (2018)

Shi, Z., Zhu, M.M., Guo, B., Zhao, M., Zhang, C.: Nighttime low
illumination image enhancement with single image using bright/
dark channel prior. EURASIP J. Image Video Process. 2018(13),
1-15 (2018)

Lee, H., Sohn, K., Min, D.: Unsupervised low-light image
enhancement using bright channel prior. IEEE Signal Process.
Lett. 27, 251-255 (2020)

Salazar-Colores, S., Cabal-Yepez, E., Ramos-Arreguin, J.M.,
Botella, G., Ledesma-Carrillo, L.M., Ledesma, S.: A fast image
dehazing algorithm using morphological reconstruction. IEEE
Trans. Image Process. 28(5), 2357-2366 (2019)

Simi, V.R., Edla, D.R., Joseph, J., Kuppili, V.: Analysis of contro-
versies in the formulation and evaluation of restoration algorithms
for MR images. Expert Syst. Appl. 135, 39-59 (2019). https://doi.
org/10.1016/j.eswa.2019.06.003

Kuppusamy, P.G., Joseph, J., Jayaraman, S.: A customized nonlo-
cal restoration schemes with adaptive strength of smoothening for
magnetic resonance images. Biomed. Signal Process. Control 49,
160-172 (2019). https://doi.org/10.1016/j.bspc.2018.12.012
Joseph, J., Sivaraman, J., Periyasamy, R., Simi, V.R.: Noise based
computation of decay control parameter in nonlocal means fil-
ter for MRI restoration. J. Med. Imaging Health Inform. 6(4),
1027-1037 (2016). https://doi.org/10.1166/jmihi.2016.1780
Joseph, J., Sivaraman, J., Periyasamy, R., Simi, V.R.: An objective
method to identify optimum clip-limit and histogram specifica-
tion of contrast limited adaptive histogram equalization for MR
images. Biocybern. Biomed. Eng. 37(3), 489-497 (2017). https://
doi.org/10.1016/j.bbe.2016.11.006

Joseph, J., Periyasamy, R.: An image driven bilateral filter with
adaptive range and spatial parameters for denoising magnetic reso-
nance images. Comput. Electr. Eng. 69, 782-795 (2018). https://
doi.org/10.1016/j.compeleceng.2018.02.033

Joseph, J., Periyasamy, R.: An analytical method for the adaptive
computation of threshold of gradient modulus in 2D anisotropic
diffusion filter. Biocybern. Biomed. Eng. 37(1), 1-10 (2017).
https://doi.org/10.1016/j.bbe.2016.12.002

Kumar, M., Mishra, S.K., Joseph, J., Jangir, S.K., Goyal, D.:
Adaptive comprehensive particle swarm optimisation-based
functional-link neural network filtre model for denoising ultra-
sound images. IET Image Proc. (2021). https://doi.org/10.1049/
ipr2.12100

Seddik, H.: A new family of Gaussian filters with adaptive lobe
location and smoothing strength for efficient image restoration.
EURASIP J. Adv. Signal Process. 2014(25), 1-11 (2014)


https://arxiv.org/abs/1908.00682
https://arxiv.org/abs/1908.00682
https://doi.org/10.1016/j.eswa.2019.06.003
https://doi.org/10.1016/j.eswa.2019.06.003
https://doi.org/10.1016/j.bspc.2018.12.012
https://doi.org/10.1166/jmihi.2016.1780
https://doi.org/10.1016/j.bbe.2016.11.006
https://doi.org/10.1016/j.bbe.2016.11.006
https://doi.org/10.1016/j.compeleceng.2018.02.033
https://doi.org/10.1016/j.compeleceng.2018.02.033
https://doi.org/10.1016/j.bbe.2016.12.002
https://doi.org/10.1049/ipr2.12100
https://doi.org/10.1049/ipr2.12100

Journal of Real-Time Image Processing (2021) 18:2193-2209

2209

64.

65.

66.

67.

68.

Yu, F., Chen, H., Wang, X., Xian, W., Chen, Y., Liu, F., Mad-
havan, V., Darrell, T.: Bdd100k: a diverse driving dataset for het-
erogeneous multitask learning. In: Proceedings of the IEEE/CVF
conference on computer vision and pattern recognition. Nashville,
United States, pp. 2636-2645 (2020).

Caldwell, B., Cooper, M., Reid, L. G., Vanderheiden, G.,
Chisholm, W., Slatin, J., White, J.: Web content accessibility
guidelines (WCAG) 2.0. WWW Consortium (W3C), 290 (2008)
International Electrotechnical Commission: Colour measurement
and management in multimedia systems and equipment-part 2—1:
Default RGB colour space—sRGB. TEC 6, 1966 (1999)

Gu, K., Lin, W, Zhai, G., Yang, X., Zhang, W., Chen, C.W.: No-
reference quality metric of contrast-distorted images based on
information maximization. IEEE Trans. Cybern. 47(12), 4559—
4565 (2017)

Gu, K., Tao, D., Qiao, J., Lin, W.: Learning a no-reference quality
assessment model of enhanced images with big data. IEEE Trans.
Neural Netw. Learn. Syst. 29(4), 1301-1313 (2018)

Publisher’s Note Springer Nature remains neutral with regard to
jurisdictional claims in published maps and institutional affiliations.

Gouranga Mandal received the
B. Tech degree in Information
Technology and M. Tech
degree in Computer Science &
Engineering from West Bengal
University of Technology, Kol-
kata, India in 2009 and 2012
respectively. He is currently
pursuing the Ph.D. degree in
Computer Science & Engineer-
ing with National Institute of
Technology Agartala at
Tripura, India. His research
interests include Digital Image
Processing, Computer Vision,
Intelligent Transport System

and Pattern Recognition.

Diptendu Bhattacharya received
M.E.Tel.E.and Ph.D.(Engineering)
from Jadavpur University, Kolkata,
India, in 1999 and 2016 respec-
tively. He is currently an Associate
Professor in the Department of
Computer Science and Engineer-
ing, National Institute of Technol-
ogy Agartala, Tripura, India. He
stood first class first position in
order of merit in his M.E.Tel.E.
program. He supervised several B.
Tech and M. Tech thesis and cur-
rently supervising 5 Ph.D. thesis.
His research interests include Digi-
tal Image Processing, Machine

Intelligence in Economic Time series prediction, artificial intelligence,
Fuzzy time series, and its prediction. He is a member of the IEEE and the

IEEE Computer Society.

N

S

-

‘\A

Parthasarathi De received the
Ph.D. (Engineering) degree from
National Institute of Technology
Agartala, Tripura, India in 2017.
He is currently an Assistant Pro-
fessor in the Department of
Computer Science and Engineer-
ing, National Institute of Tech-
nology, Agartala, Tripura, India.
He supervised several B. Tech
and M. Tech thesis and he is cur-
rently supervising 2 Ph.D. thesis.
His research interests include
Digital Image Processing and
Pattern Recognition.

@ Springer



	Real-time automotive night-vision system for drivers to inhibit headlight glare of the oncoming vehicles and enhance road visibility
	Abstract
	1 Introduction
	2 Related work
	3 Proposed methodology
	3.1 Live video acquisition
	3.2 Oncoming vehicle detection
	3.3 Region segmentation
	3.4 Region-based local enhancement
	3.4.1 Masking of high-intensity beam for region 1
	3.4.2 Gamma correction for region 2
	3.4.3 Low-light vision enhancement for region 3

	3.5 Adaptive gaussian filtering to smooth the boundary of regions
	3.6 Video reconstruction and display

	4 Experimental results
	4.1 Processing time analysis
	4.2 Quantitative performance
	4.3 Comparative analysis with existing methods
	4.4 Limitation and discussion

	5 Conclusion and future works
	Acknowledgements 
	References




