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Abstract— One of the key element to increase road safety for Typical beneficiaries will include surface transport systems
surface transport operation is to provide new technological aids such as automobile and railways for example. Figure 1 below
to improve the visibility condition across rail and road network.  shows how the visibility range could be enhanced by

As such both the environmental and human factors are to be 5, ymenting the computer vision based proposed system for
considered to achieve higher safety. This paper primarily focuses driver assistance

on a computer vision based solutions which can improve
operational capability of road and rail transport under all
weather conditions.

This paper, therefore presents a new physics-based r ,“,;‘;‘p{;;
model in the form of transfer function for predicting the - -
environmental degradation to the captured image, as light travels
from a source to an observer. This model can essentially compute
the variations in environmental irradiance and airlight model
used for study of atmospheric scattering in the form of a transfer
function. The model is valid for various weather conditions
including fog, haze, mist and rain. This model has capability to
recover from a single image source the area of maximum g
attenuation and restoring the contrast of the scene. In addition, Visibilty Range Avgmented Wt
the weather condition and the visibility level can be predicted
using this approach.

th Vision Unit

Keywords—scattering, vision, bad weather, radiometry, scene Fig 1: Enhanced visibility range by augmenting the proposed computer vision
reconstruction, Physics-based vision, defog unit

I.  INTRODUCTION In contrast to common vision based methods that rely
on enhancement techniques to remove the effects of distortions

_In poor lightning conditions human vision is badly j,q,ced by bad weather, the proposed method is based on the
impaired causing personnel driving _vehmlgs require great hysics of radiometry that attempts to calculate the parametric
degrees of assistance beyond that is available through hi

Tahtni q h hicl del of degradation process in the captured image and
power lightning systems mounted on the vehicle. Presence glosent it in the form of transfer function. As seen the visibility
fog, rain and snow will further reduce visibility condition due(g;;ny driving personnel is severely affected not only due to

to r_efllect|0n and scattering hOf I|ghthspectrum bly the aerosl_ oor lightning conditions but also due to impaired human
particles present in atmosphere. These aerosols scafters lightiy, The present approach augments facility to see objects in

across a wide range of angles that_disrupts the vision mak_ingtHe vehicle path and surroundings by using on-board computer
difficult to detect oncoming vehicles. Besides, the brightgioy ynit that calculates the essential parameter for

flickering rgin str_eaks, splashgs, fog of various deqsity as Welbgioration from the present environmental conditions and
as .bI_u_rry wm(_jshleld also contribute to the degrada_m_on of sce esents a corrected scene through an alternative display device
visibility. ‘This paper presents a computer vision based, qijape in the console. Infact, modeling the scattering of light
apprpaph that would be the part of an integrated S.O.Iu.t!OEaused by aerosol particles can help to understand the complex
consisting hardware and software for enhanced visibilitye s of weather on images and hence essential for improving
during poor lightning and bad weather conditions. the quality of display of vision systems deployed in outdoor.
This paper, therefore presents a physics-based parametric
model in form of transfer function for predicting the
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environmental degradation using the set of captured image aadd bad weather image restoration based on atmospheric
environmental parameters taken during various environmentatattering model. Recent work in computer vision [2] using
condition. simulated images show that it is possible to partially remove
Often, vision systems employing general purpose anduch type of degradation in case of simulation [1]. Algorithms
common CCD/CMOS cameras fail to produce required qualithave also been developed to recover 3D scene structure and to
of image resulting in poor quality image or video sequenceestore clear day contrasts [2] and colors [2] [3] from bad
with graininess, improper color, colored dots, blurriness andveather images. Most of this work, however, are based on the
low contrast for example. Choice of low resolution and lowatmospheric models of scattering [4] [5] and are only suitable
light cameras could be a possible option when the applicatiorisr offline analysis purpose. This paper presents a
are intended for relatively short distance in nature (of the ordenathematical function that can be used to predict degradation
of few meters only). When such low lux cameras are used fon the captured image or video sequence in any weather
relatively longer distance of the order of say 10's of meters theondition using a transfer function based model. This function
resulting grabbed image appears to be of once again of veig/then used to restore the bad weather image into the clear day
poor quality. The situation becomes worse for transportatiomrmage in real time.
applications which demands longer range of operation (of the
order of several 10's of meters or to 100's of meters for |l MATHEMATICAL MODEL OF IMAGE DEGRADATION
railways).The table 1 below shows the relative comparison dfhe behavior of light such as intensity distribution and color
minimum level of illumination required by various imaging are altered by the interaction of light with various particles

sensors - present in the environment. These interactions can be broadly
classified as- scattering, absorption and emission [2]. Scattering
TABLE I. COMPARISONOFIMAGING SENSORS occurs due to the presence of suspended particles in
atmosphere. It is therefore reasonable to classify poor weather

o Min lllumination into steady (fog, mist and haze) or dynamic (rain, hail and
Imager Type . Visibility level To obtain a snow) based on their physical properties and the visual effects

ange(in meters) good quality . . . .
image(in Iux) it can produce in the capt_ured image or video [6].
CMOS 2-3m >10 When the constituent particles are too small (1-10

um) to be individually captured by camera, the intensity
changes produced at a pixel is due to aggregate effect of a large
LOWLIGHT CAMERA 6-8m 01-1 number of droplets within pixel's solid angle. The

CCD 4-5m 155

manifestations of steady weather can now be clearly described

This has resulted in considerable interest amongst visigiirough - volumetric  scattering models of attenuation and
communities to study and understand the fundamental issygilight proposed by Middleton and Mc Cartney [9]. On the
which has not been given due consideration in the past and ¢fher hand when the constituent particles in the environment
particular interest is the modeling of image formation and@lls in the range of (0.1- 10 mm) i.e particles are 1000 times
subsequent processing of images grabbed during po51,rger than steady we_ather co_nd|t|or_1$, it requires a different
environmental condition induced by weather and pooffodel that can describe the intensity changes produced by
lightning conditions. In bad weather, the presence of aerosof@dividual particles. Various algorithms have been developed
has substantial effects on the images in which surface colof®" rémoving the noise or adverse effects caused by steady
become faint and contrasts are reduced. Such degraded imaﬁﬁ@?ther [1] [2] [3] or dynamic weather [6] from image data.
often lack the desired visual vividness and appeal, but marl{’@9€s captured in bad weather generally show poor contrast
applications such as Driver Assistance System require rob@pd weak color depth. The presence of aerosols in bad weather
detection of object or special image features. Infact, th&C€Nes produces sharp intensity changes in images and videos.
complexity of modeling the traversal of light rays through the" this paper we calculated a parametric transfer function
atmosphere is well known [10]. One approach to solve thi§?edel which will predict the possible degradation in the
problem is to assume the paths of light traversal to be randof@Ptured image or video data. This transfer function or model
and then to apply numerical Monte-Carlo techniques for ralX/‘ould alsq be inverted to produce _the reconstructed image.
tracing [10]. However, millions of rays must be traced througfathematically, the model can be defined as-
the atmosphere to accurately model scattering. Complexity of
this approach is too high for real time vision based outdoor leap = Winlirye + N(0,0) @)
applications. A different approach for modeling light scattering
is the physics-based theory of radiative transfer [9]. The basihere, Ly is the captured image, Ws the weather predicting
idea behind this approach is to investigate the differencansfer function,. is the clear bright day image and N0,
between light incident on and exiting from an infinitesimalsignifies the Gaussian noise.,\Ws an identity matrix for a
volume of the medium. clear bright day image

On the other hand, all established dehazing methods
reported in the literature can be divided into two categoriesthe reconstruction of clear day image can be mathematically
bad weather image enhancement based on image processi@gcribed as-
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I e~bMR

Far(R,2) = = (4)

R2

Ireconst = (Wm)_llcap + N(O' G) (2)
where JoconstiS the reconstructed clear day image fWis the where|, is the radiant intensity of point source.
inverse of computed transfer function of image degradation,

lcapis the captured image, and NfPsignifies the Gaussian o : . .
noise with variance. of the incident light falling on the scene point. It however

This model can therefore be applicable for both thjdoesn't consider the sky illumination and its reflection from

steady and dynamic weather, thus providing means to impro Qe. scene. Ge”efa”y bad weather refers to the situation
indicating the sky is overcast. In such cases, the overcast sky

odel can be used to compensate for environment
umination. The mathematical equation of irradiance will
i en be modified as-

Fae(R, 2) = gLo()n(A)e "W~ (5)

The above formulation considered only the intensity

the quality of images. This will be beneficial to the navigation,
transportation, railways and surveillance systems workin
outdoor where there is no escape from bad weather. Figure
shows a set of sample images to describe the diversity of t
situation and complexity of the problem in a qualitative
manner.

whereg gives the optical settings of camerd]) represents

~ : the sky aperture and reflectance in direction of viewsgr) is
" constant w.r.t¢h ande.
ﬂ Another important issue is, light cannot come directly
p— —— MISTY SCENE prr— from the object or from its immediate background. It has been
Figure 2 : A few typical images showing effects of bad weather found that it is scattered in the viewing path. This additional
light is called airlight or path radiance. Airlight increases with
pathlength and therefore, causes the apparent brightness of a
M. FACTORS INFLUENCING VISION scene point to increase with depth. Mathematically, it is

Infact, atmospheric attenuation is primarily caused b)}jefmed asl; (R.A) = Fu (1) e-PWR 6)

scattering of light from suspended particles and absorption [9].

The absorption of light flux by the suspended particles in the
atmosphere is of little importance to this work due to the facénd atte
that a large number of experimental observation carried out ti
various researchers has proven that attenuation due
absorption of light in bad weather is difficult to predict. Thus,
it is reasonable to assume that "absorption" is an separable
function and can only be estimated as a part of overal ere
scattering process. This paper, therefore presents an approach™
for modeling and estimating the scattering of suspended
particles which in turn controls the actual 'absorption’ and
consequently model the degradation of the captured data and
visibility.

When we consider a bad weather situation, airlight
nuation both occurs simultaneously, therefore, the total
radiance received by the sensor is the sum of irradiance due
§ attenuation and irradiance due to airlight.

F(R,A) = Fge(RA) + F,(R ) (7)

Far(R,2) = gLo(D) n(D)e PWR
Ey(R,2) = Fpp (D)e PR

Equation (7) can be used to compute the underlying

Literature shows that scattering of light has a tWO_atmospheric degradation. When these parameters are known
. g of ight .~ or can be estimated to a reasonable degree of accuracy this
fold effect on contrast transmittance. Firstly, light coming

from an obiect of interest and from its backaround i function is then used to reconstruct or detect the true image
) 9 Sform captured image during low lightning or bad weather

progressively removed from the viewing path and doesnéondition

reach the camera or the viewer. Such removal of light flux is ’

assumed to follow an exponential law. Bouguer's proposed |||. PARAMETRICBASEDTRANSFERFUNCTION

that, a collimated beam of light containing a flex at the MODEL

source will have a residual flux at rangefrom the source For simplicity let us consider a unit volume of space
given by-

at point O of which contains a suspension of scatterers as
shown in Figure 3. Now let us allow a collimated beam of
nearly monochromatic light be projected along the X axis so
that is incident on the unit volume and the luxmeter (detector
of radiant flux) be located at point D. This will give the
current illumination level of the light source. The X axis and

. Bouguer's exponennal law is so_me_zwhat limited as line OD form the observation plane or scattering plane.
considers only a collimated source of incident energy. This

limitation has been corrected by incorporating the inverse
square law of diverging beams from point sources.

Fi:(R,2) = F,e PR (3)

where,b is the scattering coefficient.
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Portion of rstersnce sonere the atmospheric scattering process in the nature, where the
4 aerosol particles in the bad weather condition acts as a screen
to the source of light. The changes in the illumination level
‘‘‘‘ were measured with a portable light measuring device.
fffffffff Different translucent materials were used as a screen to
produce different levels of illumination. The degradation with
F—x the change of screen position and different screen materials is
measured and the attenuated irradiance of the objects in the
scene is calculated at different distance between the camera
e X Fiane \T—- and source. The distance between camera and object could be
Figure 3: Process of scattering of light beam along X axis by a suspension ¢faried in the range of 20"(508 mm) to 90" (2286 mm). Data
scatteres at point O and perceived illumination measured by luxmeter at poirﬁointS are selected with the increment of 5" as during

D . ; : . -
The measured radiant flux in the absence of scatter&Perimentation no subtle difference comes in between this
nge.

will give the scene irradiance at a situation analogous to cled®
bright day condition. The scene irradiance measured iél
presence of scattering screens would be the attenuated sc
irradiance. From this, the scattering coefficiertt) (is
calculated by taking the ratio of original light intensity to
attenuated scene intensity.

different results drawn below were evaluated using a
range of translucent materials for screen such as diaphragm
sheet, butter paper and trace paper.

scattering coefficient b= Scene Irradiance (8
Attenuated Scene Irradiance

The correctness of the mathematical model is
established by capturing the image of the scene at the abo
used'd' values and measuring the scene irradiance of differer
depth images. ldentical values of the scene irradiance prove
the correctness of mathematical model. With this we cal
establish an appropriate transfer function that will predict the
amount of degradation happening to captured image or vide ,
during bad weather conditions. Mathematically, the transfe -t~
function W,,)) will now be defined as,

Fig 4: 3D representation of the experimental setup with an inset of the actual
setup

W, = E Q) )
R(RA) +F(RA)

where,F(R /1) , Fa(RA) andFy(2) are defined above.

A. Experimental Setup And Data Analysis

For the purpose of validation of the concept model
described earlier an experimental setup is designed ar
fabricated to simulate the true process of atmospheri
scattering to the extent it is possible in a controlled
environment. This will provide necessary understanding
regarding the effects of scattering on the captured images al
the quantum of changes in scattering which could be the rest
of varying weather conditions. It is well understood that suct
deQradat'o_n are attributed _by the Cha”ge In size an Fig 5: Flow diagram representing the experiment process with snapshot of
concentration of aerosol particles presence in atmosphere [4] measured values and images
[9]. The diagrammatic 3D representation of the experiment
setup with the inset of actual setup is shown in figure 4Scattering coefficient b is calculated using equation (6) for
Between the light source and object a movable screen fferent values ofl (d= 40" 45" 55" 60" 80")whered is the
constructed which changes the illumination level of the scengistance between the camera and objects in the scene. This is
comprising objects. Thus, the light flux reflected back to theshown graphically in Figure 6-
imaging sensor from the object or scene is changed adding
noise to the true image. This may be considered analogous to

—

Image m“,d Luxmeter Reading

Image Captured Luxmeter Reading
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e P Fig 6: Plot of scattering coffiecient vs distance between camera and objects

18 -
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These values for different distance are substituted in equatiaegradation to the captured image or video and can serve as
(2), (4) and (5) to calculate the attenuated, airlight and totdhe potential input to the image restoration of clear day image
perceived irradiance. From this, the transfer function ofrom the bad weather image. The measured graph are shown
degradation is evaluated that predicts the environmentah figure 6 and 7:

18

18
Scattering coff
14

. 450 'Bﬂ .

Airlight 50 Distance in 1
00 . 3 w o . 550
Attenuated s0 Distance in Irradiance inches

Irradiance inches

70
50 istance in
400 40 inches

Total Perceived 45
Irradiance

Figure 7: Measured graphs of attenuated , airlight and total perceived irradiance
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Irradiance
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8

g
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Figure 8: Validating experimental and mathematically calculated perceived irradiance value
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Figure 9: Plot of transfer function w.r.t distance between objects and
camera

The transfer function equation of degradation can be
modeled as a polynomial given by-
W=a+ bx+ c% (8)
wherea, b andc varies according to the degradation due to
particular scattering screen and x signifies the distance
between camera and object. The graph showing the

variation in these parameter values with reference to
different scattering screen is shown below-

Figure 10: Parameter a, b and c values for different screen s1 and s2

IV. REMOVING WEATHEREFFECTSFROM

CAPTUREDIMAGES:

It is now possible to develop a simple yet effective
algorithm for detection and removal of bad weather effects
from captured image data. One might consider the effects of

signal. In other words this means that weather effect on
image data requires capability too handle wider variation in
visual presence of objects or artifacts in the image. The
proposed transfer function based approach provide an
simple and efficient way of achieving this. This algorithm
consists of two main stages. In the first stage pixels affected
by bad weather aerosols are identified and use them to
segment attenuated regions from the non-attenuated regions.
In the second stage weather noise is removed from the
affected pixels that lie in the attenuated region of the image.
Figure 10 shows the algorithmic flow of presented
approach.

Image with scattering screen

“-' Fit the polygon
specifying the
attenuated region

Scaling
—_—

I ‘ I Attfnuated region in image
2y

Image with no scattering
screen

Apply inverse of
Wm as mask to
attenuated region

Restored image

Figure 10: Pipelined restoration algorithm

A. Recovering Scene Contrast and Wm

When an imane of an obiect situated behind the

weather conditions as noise and believe that popular *other models like 3rd order polynomial and exponential were silstied with poor Mea
processing techniques can be used to handle Square Error Estimation Compared to 2nd order equation given in (8)

distortions. However, unlike noise, the intensities proi

by bad weather aerosol particles have strong spatial
structure and depend strongly on background brightness.
Furthermore, certain type of scene motions can produce
temporal and spatial frequencies similar to a rainy day
image, making it hard for conventional image processing
techniques to distinguish rain from other signals.

In order to process image data obtained during
poor weather condition it is essential that algorithms must
distinguish distortions caused by weather effect when
compared with other types of aberrations in the received

function model. An approach for recovering the scene
contrast and hence for removing the glow around objects, is
to use the Wm computed from real data. Image of objects
with scattering screen would be then convolved with the
inverse of the Wm to recover the true image of the scene.

This approach is now extended to the transfer
function based approach to model the bad weather situation.
The goal is to generate a visually realistic bad weather
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image from a clear day scene. Bad weather effects such as
rain, snow and fog created by directly manipulating the
original clear day image is done by adding a series of noise
is unable to render the actual bad weather condition. The
transfer function used to create simulated weather from an
experimental setup using distant source under stationary
atmospheric conditions produce visibly better results

Original scene Simulated bad scene
Figure 11: (a) Original Scene (b) Simulated Bad Scene
This results in a simplified method to restore scene

contrast from a bad weather image using the transfer
function of degradation is defines mathematically as-

Restored Contrast = C .* (W* (9)

The screenshot of the restored contrast of the image at
various distances from the imaging sensor is shown in
figure :

Figure 12: (a) Captured bad Scene (L-R) (b) Restored scene contrast using
the proposed model (L-R)

B. Performance Metric

Conventional image restoration algorithms based
on image enhancement like histogram equalization, unsharp
masking, retinex theory and wavelets based approach to
correct or rectify bad weather image offers many challenge
due to complexity associated in recovering luminance and
chrominance while maintaining color fidelity. Often
excessive enhancement of the images leads to saturation of
pixel value. Thus, enhancement should be bounded by some
form of constraints to avoid saturation of image and yet
preserve color fidelity.

Another major point to be considered is that
degradation caused by bad weather is that the local image
contrast depends strongly on distance between object and
camera. These enhancement-based methods may be applied
locally, but low spatial frequencies are lost . Therefore, it is
necessary to inculcate knowledge of scattering phenomenon
and a proper weather model needs to be designed for
efficiently removal of weather effects from poor quality
images.

Proceedings of the*International and ¥6National Conference on Machines and Mechanisms (iNaCoMM2013), IIT Roorkee, India, Dec 18-20 2013

77



The proposed algorithm is compared with other 1 P
enhancement based algorithms like histogram equalization Sty = @ r1e
and its variants, unsharp masking, retinex theory and k
wavelets. Infact, the contrast gain could then be used as a
parameter to assess the performance measure of all these
approaches. Contrast gain for all fog removal algorithms
must be positive. High contrast gain indicates better
performance of the algorithm. It can be described as mean
contrast difference between de-foggy and foggy image. If C
and G,y are mean contrast of de-foggy and foggy image
respectively, then contrast gain is defined as-

P
Z | X(x +k,y+1)—m(x,y)]
=-pl=-p

Figure 13 below shows the performance measure
of the different restoration algorithms. This algorithm
clearly shows the relative performance of the various
algorithms applied. The numerical comparison is given in
Table Il. For this contrast gain is used as a metric measure.

Coain = C, —C 1
gatn true = “fog (10) TABLE |I: COMPARING CONTRAST GAIN VALUES

Let an image of size MxN be denoted by X(x, y). Then,

mean contrast is expressed as: Restoration Methods Contrast Gain
- 1 CLAHE 0.1106
C=—YN1yM-1cC(x, 11
i 2y=0 Z=o C(6Y) (11) Unsharp Masking 0.0865
S@y) Histogram Equalization 0.0610
where C(x,y) = m@y) Retinex Algorithm 0.1468
Atmospheric Transfer Function 0.1738

__ 1 14 p
wherem(x,y) = e Dk=-p =p X+ ky+1)

Figure 13: L-R: (a) Captured Color Scene corrupted by environmental distortion (b) Grayscale of (a), used for processing (c) CLAHE (d) Unsharp masking (e
Histogram equalization (f) Retinex algorithm (g) Atmospheric transfer function

V. CONCLUSION

Providing clear vision for driving in bad weather problem from a new perspective where this research may
condition is a very challenging task. To solve this problem provide essential understanding on the process for
consistently and reliably across all weather condition developing an advanced all weather vision tool for assisting
requires proper understanding and application of various driving personnel in poor lightning and bad weather
tools from radiometry & atmospheric-optics to image conditions. This paper, therefore presents a new physics-
processing. It is further argued that the existing models based model in form of transfer function for predicting the
using atmospheric optics alone are not suitable to environmental degradation to the captured image, as light
encapsulate the underlying process responsible for such travels from a source to an observer. This model can
degradation. It is therefore essential to look into this essentially compute the variations in environmental
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irradiance and airlight model used for study of atmospheric [1] S.G Narasimhan, S.K Nayar.Contrast restoration of weather

scattering and encapsulate it as a transfer function. This ﬁﬁgﬁ%de%iem{a/%léggziitéagﬁi‘;“ggg;” pattern analysis and machine
appr_oach IS fqund to be reason.afbly accura?te and can be [2] S.G Naras’imhan ’SK ’NayarViSion and the atmosphére
applied for various weather conditions including fog, haze, 1JCV,48(3):233-254, August 2002 ’
mist and rain Whll_e providing  superior _perfo_rmance [3] Y.Y.Schechner, S.G. Narasimhan, and S.K. Nayastdnt dehazing
compared to only vision based or atmospheric optics based of images using polarizatiénin Proc. CVPR, 2001.
approaches. [4] S.K Nayar, S.narasimhan,Vision in bad weathé&r Proc Seventh
Tnt'l Conf Computer Vision, 1999
VI. SCOPBEOFFUTUREWORK [5] S.G. Narasimhan and S.K. Nayashedding light on the weatlein

Proc. CVPR, 2003.

model described here in outdoor environment with [7] D.B. Chenault,J.L PezzanitR®blarization Imaging through scattering
necessary modification of the software and hardware. This medid, SPIE,vol. 4133,pp 124-133,2000

- - [8] Y.Y Schechner, S.G Narasimhan,S.K NayaPplarization based
also requires collection of ground truth data of the selected vision through haZe Applied optics special issue,light and color in

test sites. the open air, vol 42, no. 3,pp 511-525,2003

[9] E.J. McCartney,Optics of the Atmosphere: Scattering by molecules
and particles, John Wiley and Sons, 1975.
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