CHANGING WEATHER OF IMAGE SEQUENCES TAKEN FROM A VIDEO CAMERA
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ABSTRACT

In generdting scenesfor driving smulators and movies,
it is at times desrable to dter the westher conditions of im
age sequences taken from a video camera. The paper pro-
posss a method for generating a rainy scene from an image
seguence taken on a dear day. The proposed method seg-
ments animage into threekinds of area: ky, road, and dl the
other surrounding area, including buildings and trees. Each
areaisprocessed in different waysto generate therainy scene.
Blue sky is replaced with a cloudy sky. Road surface tone
ismodified to that of awet road. The intensity dgtribution
in the surrounding area is adjusted to that of shedow. A
scene taken from avehide driver’s seet is gpplied to demon
strate the usefulness of the proposed method.
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1. INTRODUCTION

Thered posshility exigts for losng achancetofilma
rainy scene on locaion due to the filming schedule. It is
therefore useful to generate scenes under a desired wegther
condition from image sequences taken in different kinds of
westher conditions.  Thegod of our researchistodevelopa
method for atering westher condtions of image sequences
taken from a video camera  As an initid step, the paper
proposes amethod for generating arainy scene from ascene
taken on aclear day.

Comparing images taken on a clear day and arainy
day, the following differences are evident. In arainy scene,
naurdly, the sky is doudy and the road iswet. In addition,
the contragt of an imagein arainy sceneislower than that of
adear day. Taking into account such differences, the pro-
posed method segments an image into three kinds of area:
sky, road, and the surrounding area, which includes buildings
and trees. For each respective ares, the fallowing processss
are executed.

1. Altering the sky areato a cloudy sky

2. Altering the road areato awet road

3. Altering the intengty distribution of the surounding area
in HL'S color space

Findly, these modified aress are combined to generate a

rainy day image.

In this approach, the sky and road aress are extracted
from an image. Manud extraction is both time and labor
consuming. To address the problem, severd gpproaches for

image segmentation have been proposed. Among the mogt
commonly used methods is expanding the area from a seed
point. The seed point in an image is oecified manudly,
and the area automatically expands based on smilarity to the
seed point. This method, however, dways reguires manua
modification, egpecidly in the boundary of the extracted
area

To determine the boundary of the target areq, active
contour modds and Snakes [1, 2, 3, 4] are used. Fird, an
initid contour is specified roughly around the boundary of
the taget areg, and the contour converges to the exact
boundary based on energy minimization. These methods
can be used to extract rdaively smooth contours. However,
images taken from a video camera contain complex bounda:
ries such as leaves of trees, and therefore an enormous
amount of caculation time is needed to process a ssquence
of images because the methods are computationdly expert
sive.

Methods cdled “Image Sngpping” [5] and “Inteligent
Scissors’ [6] sngp a point congsting of a contour to the
boundary nearest a location indicated by a pointing device
These methods, however, alwaysrequire user interaction.

Our gpproach of image segmentation is based on a
threshold. The advantages of the gpproach are a short
computaion time and semi-automation of the process.
Invedtigating the digtributions of RGB and HLS vaues, the
following festures are detected in the aress of the sky and
road. Intendtiesin the ky areain RGB and HLS spaces
are higher than those of the other areas. The hue of the road
areais didributed over alimited range, and the saturation of
theroad areaislower than thethreshold. Using thefeatures
of thesky and road areas, the proposed method extractsesch
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Figure 1 The overview of the proposed method
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Figure 2 Process flow of making masking images of the
sky areafrom a sequence of images

area from a sequence of i mages.

Figure 1 shows an overview of the proposed method.
Each image is converted into HLS color space. A masking
image of the ky area is generated, and the sky is replaced
with a doudy sky using the mask. In addition to the sky
area, a masking image of the road areais generated, and the
intengty didribution of the area is modfied usng a Color
Co-occurrence Matrix (CCM) [7].  For thesurrounding area,
the contragt of the image is adjusted after shadows are re-
moved. All the aess processed by the different methods
are then combined into a single image.

In the next section, a method for extracting the sky
area from a sequence of images is proposed.  Methods for
changing the road and the other aress are discussad in Sec-
tions 3 and 4, repectively. Conclusions and further sudies
areindicated in Section 5.

2. PROCESSING THE XY AREA

21 MAXKING IMAGES OF THE XY AREA

FOR A SEQUENCE OF IMAGES

A method for making masking imeges of the sky area
from a sequence of imagesisshownin Fig. 2. Firgt, based
on athreshold, amasking image of thefirst frameis gener-
ated. To obtain accurate masking images for the next (sec-
ond) frame, the necessity of resatting the threshold valuesis
checked. If the result of the examination shows thet rest-
ting the thresholds is necessary, the optimum threshold val-
ues are cdculated using a genetic dgorithm [8]. That is,
after the second frame, masking imeges are generaed by
using both the mask of the previous frame and the ypdated
threshold values.

22 MAXKING IMAGE OF THEHRST FRAME
Figure 3 showsthe processflow of creatingamasking
image of the firs frame. Firg, two binary images are gen-
erated by threshold RGB and L vdues. That is, in RGB
space, the pixdswhose R, G, and B components are greater
than thresholds are set to“1,” and theother pixelsareset to
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Figure 3 Process flow of making masking imeages of the
first frame
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“0.” In HLS space, L component is compared to a thresh-
old, and the pixels having larger vauesthan thethreshold are
stto“1l” Then, thetwo binary images are processed using
AND operation to extract the sky area.

The road's white center-line is aso extracted, as the
color iswhite and the intensity of the aea high. To address
the problem, we find the highest scanline having the maxi-
mum number of “0" pixes and the sky area under the
scanline is cancdled (see Fig. 4). That is, the scanline
eliminates aress except the sky area from the binary image.
A hisogram platting the number of “0” pixels for each
scanlineis generated to find the separator.

The number of pixds for each separated sky areais
a0 counted, and the areas in which the number of pixesis
smadler than a threshold are removed as noise.  Using the
method described above, most noise is removed from the
binary images. The remaining noise should be emoved
with user interaction.

23 MAXKING IMAGES OF THE FOLLOWING
FRAMES

We can make use of the masking image of the firgt

frameto create amesking image of the second frame because

of thei mage coherence of theneighboring frames.  Asesach

frame istaken every 1/30" of a second, the boundary of the

sky areamovesonly afew pixelsin the next frame. The
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process of the proposed method for cresting the following
masksis shown in Fig. 5.

Firgt, we generate core areas of both the sky area and
the area excluding the sky area. Based on the image @-
herence, the core aress are extracted from the masking im+
ages of the previous frame. That is, culling severd pixes
around the boundary, the sky area of the previous frame is
shrunk. The area except the ky areais dso culled in the
same way to determine the core area. Then, the aress ex-
cept both core areas are examined to generate a masking
image of the sky area for the next image. That is, the
threshold method described in the previous section is gpplied
to al areas except the core areas. The core area of the ky
adways remains as the sky area of the next frame. Findly,
the extracted sky area in which the number of pixes is
smaller than athreshold is removed as hoise.

Using the core areas decreases the chance of erroneous
extraction, and creates the accurate masking i mages.

24 ADJUSTING THRESHOLDS USING A G&-

NETICALGORITHM

For the ssgmentation of the sky ares, it isimportant to
st the optimum thresholds, because the result greetly a
pends on the thresholds. Theinitid threshold vaues are not
adways optimum when the pogtion and/or direction of a
video canera are dtered, however. It is therefore necessary
to adjugt the thresholds in scenes greetly changed from the
scenes when the initial thresholds are set.

A gendtic dgorithm [8] is introduced to adjust the
thresholds and reset the optimum vaues when the scene
changes. The dgorithm is a powerful method to optimizea
<t of the threshold vaues from a number of their combina:
tions. This procedure is invoked when the edracted sky
area undergoes significant change.  Since the difference of
the sky areas between the previous frame and the current
frameisinfluenced by the brightness of images taken from a
video camera, the optimum threshold vaues must be
changed.

For agenetic dgorithm, the question of how to design
the genesand thefitnessfunctioniscrudid.  Inthe proposed
method, a gene has a 24 hit-length consisting of 4 sats of
threshold vdues for R, G, B, and L components.  Six hits
are assgned to each threshold, and are expressed asthe offsst
vaues from the previous thresholds. That is, the most S
nificant bit is assigned to asign hit, and the other 5 hits shift
the previous threshold a 32 levelsin both positive and neger

tivedirections.

A fitnessfunction isdefined based on two eval Lations:
specificity and sengtivity. The specificity evduates the
accuracy of theextracted sky ares, and the sengtivity literdly
expresesthe sengtivity of theextraction of ky area. These
functions are defined as follows.

Sj)eCI f| C| §/ =N Common/ N Judge (1)

Sensitiviy = Ny on/Nay @

where N, is the number of pixels of the sky area deter-
mined by the thresholds coded in each geng, Ny, isthe num-
ber of "1" pixds of the masking image determined by the
method described in the previous sections, and Ngypmn ISthe
number of the pixels that belongs to both the core area and
the sky area determined by the thresholds coded in each
gene.

Thefitness function is aweighted sum of the specific-
ity and sensitivity, andisdefined by thefoll owing equation.

Fitness_ func=m: Specificity + Sensitiviy 3

where m (m>0) isaweight.

In the genetic dgorithm, severa dozen genes are gen
eraed, and repeating the crossover and mutaion processss,
the genes are evolved. After few hundred terations, the
gene whose fitness function is highest gives the sat of opti-
mum threshold values for the next frame.

25 REPLACING THE XY AREA WITH A

CLOUDY XY

Using the mask images of the sky area generated in
the previous section, the clear sky is repl aced with a cloudy
sky image that has been taken in advance. The process is
expressed by the following equation.

A gy =@- 150, +1>C @
where A, expresses R, G, and B values of the resutant im
age O gpand G aeR, G and B vdues of the orignd im-
age and adoudy sky, respectively, and t is a pixd vaue of
the masking image.

To compose a cloudy sky smoothly in the origind
image, the boundary of the sky areais blurred usng an aver-
aging filter. That is, an averaging filter with 3~ 3 width is
first gpplied to the pixels on the boundary of the ky area
Then, to make the boundary smoother, the samefilter is gp-
plied again to pixels within a 2-pixd digance from the
boundary.

Figure 6 shows an origina image taken from avideo
cameraon aclear day. A masking image of the ky area
generated by the proposed method is illustrated in Fg. 7.
Figure 8 shows the cloudy sky image that is used to replace
the clear sky.

r.g.b

26 EXAMPLES
The proposed method is applied to animage sequence
taken from avideo cameraset a the driver 'sseat of avehicle.



The image sequence consigts of 300 frames (10 seconds),

and the resolution of each image is 720” 480 pixds Fg
ure 9" shows 3 images every 100 frames, and the masking

images of the sky areafor each image are shown in Fig. 10",
Figure 11" shows the images where the sky aress are re-
placed with doudy sky. The images composed of water

droplets moving on thewindscreen [9] are showninFig. 12,
Fgure 12 uses the images shown in Fg. 11. To creae a
masking image of the firg frame, initid threshold vaues
shown in teble 1 are used. The initid threshold vaues are
determined by investigating the didributions of RGB and
HL S vauesof severd images. The proposed method using
a genetic dgorithm ajusts the threshold vaues 12 times.
Thethreshold vauesfor eachimagein Fig. 9 area so shown
intable 1, and parameters of the genetic dgorithm are shown
in table 2. The brightness of the image except the ky area
is adjusted to fit the cloudy sky. It took about 28 minutesto
process 300 frames using an SGI 02 R12000 (270MHz).

(f: MPEG movies of these animations ae avalable a
http://www.eml.hiroshima-u.ac.jp/gal lery/Animation/westher/index.html)

F|ue 6 Origind image Figure 7 Masking image of
the sky area

Figure 8 The sky areais replaced to cloudy sky

Table 1 Threshold vaues

R G B L
1st frame
(initial values) 50 & 80 100
100th frame 57 0 114 162
200th frame 124 0 232 146
300th frame 154 63 69 170

Table 2 Parameters of genetic algorithm

number of generations 100
number of population 50
length of chromosome [hit] 28
crossover rate [%0] 40
mutation rate [%] 5
number of elite 2

(@ (b) (c)
Figure 9 Origind images, (8)100th frame, (b) 200th frame,
(c) 300th frame

@ (b) (©
Figure 10 Masking images of the sky area, (8)100th frame,
(b) 200th frame, (c) 300th frame

@ (b) (c)
Figure 11 The images in which the ky aress are replaced
with dloudy sky, (2)100th frame, (b) 200th frame, (c) 300th
frame

@) (b) (©

Figure 12 The images composed of water droplets,
(a)100th frame, (b) 200th frame, (c) 300th frame

3. CHANGING ROAD AREA TOA WET ROAD
Theroad areaisaso extracted from the origina image
based on a threshold in HLS color space. However, the
road area is not smply replaced with a wet road, because
every road hasitsown unique surfece fegtures. To aldress
the problem, a Color Co-occurrence Matrix (CCM) [7]
gererated from wet road surfaces is used to change the
intensity distribution of that particular road area.

31 MASXKING ROAD AREA IMAGES

Investigating its digributions of hue, lightness, and
saurdion components, the road area is found to have the
following features.
1. Therange of the hue component isfrom greento blue.
2. The ssturation component is lower than thet of the other

areas.

Thesefestures are utili zed to generate masking images of the

road area.
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Figure 13 Process flow of cregting a masking image of the
road area

Figure 13 shows the process flow of creding a
measking image of the road area. Fird, using the features of
the road aea described dove two binary imeges are
generated. Then, the Boolean set operation OR is applied
to the binary images to compensate the conditions of each
other. The number of pixels for each separated road areais
counted, and the areas in which the number of pixds is
smaller than athreshold are removed as noise.

32 CHANGING THE INTENSTY DISTRIBU-

TION
The CCM represents the datiticd relationship be-
tween neighboring pixds. That is, the dements of the
CCM express probabilities that pixeswith D= [Dx, Dy] off-
<t have a pixel vaue L., and are defined by the following
four-dimensiona matrix.

CCM[X,y,Lh,Lr]:%g.gld(l-[x’y]' L) ®

x=0 y=0

“d(L[x+Dx, y+Dy]- L)

K=(X-Dx]: (Y- [Dy) ©

where L[x, y] is an intensity of pixe &, y), and disthe
Kronecker delta function. K is the normdization factor of
the number of pixels within offset D. Images with similar
CCMs gopear smilar to each other. The CCM requires a
sgnificat  amount of memory because of the
four-dimensiond matrix. To address the problem, only the
range containing the intensities of the road area is used to
generate a CCM.

A CCM of awet road is cdculated in advance. s
ing the masking image of the road area, a CCM of the orig-
nd image is cdculated. Intengties of the origind images
are changed repedtedly to decrease the difference between
the CCMs.  The difference between two CCMs is defined
by the following equation.

U U
E= a a aa (CCMd[DX,Dy,Lh,Lr] (7)
Dx=- Dxoax Dy=" Dy Ln=1L; =1
- CCM [Dx,Dy,L,,L ])?
where CCM, and CCM,, are cdculated from the origind

image and a wet road, respectivdy. The larger the differ-
encemeasurement of thepixd , theearlier theintensity of the

m"- A

Figure 14 Maski ngimage Figure 15 Theroad area of
of the road area fig. 6 is changed using
aCCM of awet road

pixe is changed. The iteration is repeated until the number
of modified pixels reeches a threshold ratio exceeding the
road area.

Fgure 14 shows a masking image generated by the
proposed method from the origind image shown in Fig. 6.
Using aCCM cdculated from awet road, the origind image
is modfied, and the resultant image is illustrated in Fig. 15.
It took about one hour to processthe image using an SGI O2
R12000 (270MHz).

4. CHANGING HLS COMPONENTS OF THE

SURROUNDING AREA

Comparing images taken on a clear day and arainy
day, the remarkabl e differences of the surounding area are
shadows and the contrast between bright and dark aress.
Therefore, changng the weether in the surrounding area
should mainly takeinto account the following two points.
1. Removing shadows.
2. Decreasing the contrast.

41 REMOVING SHADOWS

The proposed method segments the surrounding area
of the image into two parts. sunny and shadow arees. Frg,
the boundaries of the shadow aress are detected by a differ-
entid filter after removing noise using an averaging filter, as
adifferentid filter is sendtive to noise. An gppropriate dif-
ferentid filter with 3" 3 width is applied to R, G, and B
components of an image, and if more than one output is
gregter than athreshold, the pixd is detected as a boundary.
Any smdl sized region is then removed as anoise. Except
the pixd'son the boundary, each region islabded considering
4 neighboring regions.  The boundary is merged with the
neighboring regions using the color information. Then, the
regions are united if both the means and the variances of
RGB and HLS vaues are very amilar.  Specifying the cor-
respondence between the sunny and shadow aress, the means
and variances of HLS vdues in both aress are cdculated.
Using these vaues, the digributions of HLS vaues are
modified to remove shadow areas.

H(=a xH +bh
L(=a, xL +b, ®)
St=a, xS+ b,



a‘h,I ,S = \/Vsunnyih,l ,s/Vshadowfh,I,s (9)

bh,l s Esunny_h,l,s S & )Eshadow_h,l,s (10)
where (H, L, § and (H', L', S) ae HLS vdues of pixesin
the origind and modified images, respectively. Egpyy nis
and Egon ny s€XPressthemeansof H, L, and Svauesinthe
sunny and the shadow aress, respectively. Vg, s ad
Veudow n1.s €XPress the variances of H, L, and Svauesin the
sunny and the shadow aress, respectively.  Figure 16 shows
the image where a shadow on a building wal is removed by
the proposed method.

4.2 DECREASING THE CONTRAST

Extracting shadow aess from images contaning
complex objects such as trees is difficult, and shadows cast
on the complex object itsalf, such asleaves, do not impart a
strong impression of aclear day because of their minutesize.
Theareaconggting of complex objectsistherefore processed
asagroup. The average intensity of the areaiislowered and
the contrast diminished using the following equation.

Le=kxL- L, )+L¢, 1D

where L and L are intengities of pixdsin the ariginad and
modified images, repectivdly. L, ,.and L, .aretheaverage
intengty of the area in the origind and modified images,
respectively, and L, is specified by the user based on the
average intengties of the cloudy sky and the road. Using
the method, the average intersity and contrast of the image
shown in fig. 16 is modified, where parameterskand L',
are st to 0.5 and 40, respectively. The resultant image is
showninfig. 17. Figure 18 showsanimagein which water
droplets are composed for adrive simulator scene[9].

Figure 16 Removing sha- Figure 17 Decreasing the
dows from fig. 15 contrast of fig. 16

Figure 18 Composing weter dropletsfor adrive smulator

5. CONCLUSON

We have developed a method for changing weether
conditions of an image taken on a dear day. For image
sequences taken from avideo camera, we have developed a
method for extracting the sky area autometicaly in coopera
tionwith agenetic a gorithm to adjust thethreshold values.

There remains further research, however, to reach our
god. Even though the proposed method can reset the
threshold valuesto extract the Sky areg, the extracted maskis
not very precise when scenes change very rapidly due to a
bumpy and winding road, for example, because the proposed
method is based on the image oherence of neighboring
frames.

The proposed method does not teke into account
movement of the scene when the sky arealis replaced with a
cloudy ky. However, if the viewing direction is changed,
the dloudy sky must be mapped into adifferent position from
the previous frame. To address the problem, the opticd
flow of the sky area needs to be cdculated. It isimportant
for gpplications deding with a large number of images to
develop a fadt, accurate method for cdculating the optica
flow.

To generate more redigtic images on arainy day, pud
desin the road and fog effects in the air caused by rainfdl
also need to be taken into consideration.
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