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Abstract: Problem statement: Fast and accuratmterpolation and resizing of images and video
frames is a much sought after research area inmadta applications. The more accurate schemes are
computationally expensive and require more timeefoecution. We proposed here Discrete Wavelet
Transform (DWT) using lifting scheme as an accueatd computationally inexpensive interpolation
technique for image resizing.pproach: In this study, the lifting scheme DWT algorithm wagsplied

for interpolation of the images to the scafef@r reduction in size where n indicated the leafeDWT.

To magnify the image to the scalg DWT was used after the zeroeth level DWT, wi/T was
used for subsequent reconstructiBesults: In case of reduction in size, the DWT componentsew
calculated to a level so that the four DWT compdsemere reduced to single pixel size and the
reconstruction is again carried out to the origisiak. The reconstruction results were bench marked
using Mean Squared Error (MSE) and Peak SignaldséNRatio (PSNR) with other schemes like
Bilinear and Bicubic interpolations. The two compahHarr mother wavelet was found to be suitable
for the fast computations of the interpolated insaged their subsequent versio@enclusion: It has
been found that after higher level of DWT computasi like 10 or 11th level, the MSE increases
beyond acceptable limits and the PSNR drops bel@wE But the interpolation or reconstruction is
completed in much less time with better MSE and RS¢ compared to the bilinear and bicubic
scheme. The present technique provided fast inteipn algorithm for multimedia and video
processing applications.
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INTRODUCTION Transforms. However, the LPLP component of DWT of
an image is visibly similar to the original imagada
Wavelets provide a very good and accurate enougbther components are the edges in different doesti
tool for approximation of the signals, functionslatata Thus the DWT may serve as an excellent tool for
sets. Mother wavelet acts as basic building blamk f simulating human vision phenomenon like continuous
approximation of complex signals and functions atinterpolation, because of the time-frequency
reasonable computational overhead. In other worddpcalization property of wavelets.
wavelets can approximate complex signals using anly Lifting scheme was first introduced by Sweldens
small set of coefficients without much computationa (1996a; 1996b; 1996c). The lifting scheme is a new
complexity. This is of course possible because,tmosmethod for constructing bi-orthogonal wavelets
data sets have correlation both in time (or space) (Sweldens, 1996b). The basic idea behind the diftin
frequency domain. Rather amongst the family of &kxl scheme is that, it gradually builds a new wavelet,
(wavelet, curvelet, ridgelet) transforms, waveketthe  corresponding to resized version of the image with
first one to preserve the correlation in spatiald an improved properties, by adding new basis functions
frequency domain both. Transformations in mosthef t (Daubechies and Sweldens, 1998). In the first gioer
frequency domain transforms do not preserve thevavelets, Fourier transform was a basic tool fovelet
original form of a signal like image in spatial dam  construction. On the other hand, a wavelet transfor
One cannot make out the visible form of an imagenfr computation using lifting scheme is entirely in tigda
the results of sine, cosine or Discrete Fourierdomain and therefore ideally suitable for compufisst
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second generation wavelets. The lifting schemeistsns and many other frequency domain transformations
of three main steps: SPLIT, which sub samples theeveal only frequency content or attributes of the
original data into odd and even sets; PREDICT, Whic images. Wavelet transform is the first transformricith
finds the wavelet coefficients and UPDATE, which has been explored a lot in image and signal prauwgss
updates the even set using th_e wavelet coefficiasts for jts unique property of maintaining the spatial
discussed further in introduction (Sweldens, 1996agomain and frequency domain contents. It also allow
1996¢). ou to compromise its resolution in one domaindtly

A water marking scheme for digital images baseq>'/equire more details in the other domain. Thisliates

on lifting scheme is proposed in (Kim and Lyu, 2003 he most sought multiresolution analysis using reiec
Image feature extraction is performed using lifting,yayelet transform. Wavelet series expansion maps a
scheme (Lathat al., 2007). Edge detection based onfynction of continuous variable into a sequence of
lifting scheme is discussed in (@eal., 2007). Image  coefficients. If the function being expanded is a
resizing algorithms using DWT are used to resize thgequence of numbers like samples of a continuous
image to any desired scale (Asamvairal., 2010;  fynction f(x), the resulting coefficients are calléhe
2009). In the proposed work the Lifting schemed®&  yiscrete wavelet transform of f(x). Discrete wavele
the complete data set into twq equal parts thaven i ansform decomposes the input image (2-D signéd) i
and odd based on the spatial sequence. Hence th& gifferent wavelet coefficients at the firsvés. The
resizing process based on Lifting Scheme is &yocess of obtaining these four coefficients (Mtitte
_comparat|velyn3|_mple task when the total p!xelsha and Kovacevic, 1995)s presented in Fig. 1. After
image are 22" in number. The problem arises when gjyiding the data set into two parts that is eved add,

the image to be resized does not have pixels isif®  ayerage and difference is computed. Out of these tw
22, thereby making the process cumbersome andoefficients, one is called average and other Ikca
complex. This is what contributed to the problemifference. These two coefficients are again prsegs
definition of our research work and thus motivated ;4 compute average-average, average-difference
to think for an appropriate solution for resizing t gifference-average and difference-difference terms.
different scales. Image with dimension not equal tory,s after completion of the whole process we have
2'x2"is made equal to'22" size by padding zeros at gy coefficients. The coefficient average-averdge
the required row and column positions and thems it i 550 called as LPLP coefficient (this is exactlgudlly
allowed to undergo Lifting Scheme procedure. Ongjmilar to the original image but 50% in size) and
similar _grounds: magmﬂgatlon of _the image caroals average-difference is called as LPHP coefficient,
be achieved with doubling of pixels using Zeroethdiﬁerence-average is also called as HPLP and
level DWT transform followed by the IDWT itference-difference is also called as HPHP. Noese

algorithm as proposed in materials and methods. Thg,,r coefficients are exactly 50% of the originadage.
resizing results can be compared with traditionalrhese four coefficients contain  the different
methods like bilinear and bicubic using MSE and RSN htormation of the original image as given below:

as presented by many researchers (Bsail., 2002;

Tsai and Acharya, 2006). The image resizing using LPLP: This coefficient contains the low frequency
DWT is still an unexplored research area. Also the image content and is the reduced resolution

multi resolution property of discrete wavelet triams ~ * LPHP: It contains Horizontal information of the

attributes to efficient methodology for magnifyiram image

image. Comparison between filter based DWT and HPLP:,It contains vert|_cal |nforr_nat|on Of_ the image
e » HPHP: It contains diagonal information of the
lifting scheme and measures to evaluate the

performance of the proposed technique for resiairg image

discussed in discussion. The corresponding residilts Implementation of DWT results in 50% reduction
image size reduction and magnification are preseinte in size (row and columns) at the 1st level DWT.tRer
the results. decomposition is carried out by applying the LPLP

output component of the first level to the samewtigm,
. ) - resulting in the four 2nd level DWT components. The
!D|screte Wavelet Transform (DWT): When digital ._.second level DWT components will have 25% size §row
images are to be viewed or processed at multiplgnq columns) of the original image size. Thus amegp

resolutions, the discrete wavelet transform ism@st  on computing DWT till each of the four components
popular mathematical tool. The Fourier transforomati  reduces to a single pixel size.
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Average Down sample by2
average row-wise (LPLP)
Average LP » Down sample by
(column-wise)
—p Average | » Down sample by2
difference| row-wise (LPHP)
s
Difference . Down sample by2
average row-wise (HPLP)
P Difference Down sample by 2 >
HP (column-wise)
Difference » Downsample by2
difference row-wise (HPHP)

Fig. 1: QMF implementation of DWT

Lifting scheme: The lifting scheme is a technique for Even values Vo) Average
designing wavelets and performing the discrete Veave
transform. The forward lifting scheme wavelet
transform divides the data set being processedanto Spit Pregict Tpdate

even half and an odd half. | | l | | |

Lifting scheme forward transform: Lifting scheme 0dd values S Diﬁ“ﬁjﬁﬂ“
forward transform consists of three steps: N

«  Split Fig. 2: Lifting scheme forward transform

* Predict o .

. Update After dividing the complete data set into two part

that is even and odd, the processing is done s\l
For the forward transform iteration j and elemient

Split: In split step the data is divided into ODD and the new odd element j+1. i would be:

EVEN elements.

Predict step: The difference between the odd and the®dd+1i=0dd; - even @)
even data forms the odd elements of the next step
wavelet transformation. The predict step, whereoithe
value of next iteration is “predicted” from the eve even, + odd|
value of present step is described by the Eq.dexry’ Ever.,, =f
represents iteration and ‘i’ represents element:

Even element of the next step is calculated as:
(4)

The original value of the ogldelement has been
0dd.1;= odd; - P(evep) (1) replaced by the difference between this elementisnd

even predecessor. Simple algebra lets us recoeer th
Update step: The update step replaces the evengriginal value from Eq. 3:

elements of the next step with an average of thigeea

step. These results in a smoother input (even elgme odd; = ever; + 0dd.q (5)
for the next step wavelet transform. The updatg ste o o )
follows the predict phase. So in calculating anrage Substituting this into the average that is Eq.et w

the update phase must operate on the differenees thdet:

are stored in the odd elements:
ever); + eve|) + 00}(;1i

even,,; = (6)
r] 1,1
Even.,,; = even; + U(0dd.) 2) 2
A simple lifting scheme forward transform is _ odd,,;
diagrammed in Fig. 2. VM, = SVER 0
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Even /T Step 2 (predict): The first difference is obtained by
N\ subtracting the first even element from first odd

' 1 ¥ element. Similar procedure is adopted for remairithg

| e | | e *—’ elements of odd and even vector sequentially, salre
in even.,, and here DIFF1 vector sequence as given

0dd A below:
N/

| Update

) . ) even,,; = odd,, ;— even; and thus DIFF1={22,-18, 9, 4}
Fig. 3: Lifting scheme inverse transform

. Step 3 (update): The first average term is obtained by
The averages (even elements) become the input f%\rdding the first odd and first even element and by

the next recursive step of the forward transforhe T dividing this sum by two. This process is continded
number of data elements processed by the Wavekﬁt]e complete data set of odd and even elements

trlansfortm r;;]ustf_be; atpowefrt(r)]f t\;vo. If tgetre arfe amtad sequentially and the resultant vector ggdand AVG1
elements, the nirst step of the torward transiorifl W - peye i gptained as shown below:

produce 2n-1 averages and 2n-1 differences (between

the prediction and the actual odd element value), _ 4d V2 th

These differences are sometimes referred to aS'efkii= (€vem +0dg;)/2 thus AVGL
wavelet coefficients. = {21, 29, 32.5, 36}

Lifting scheme inverse transform: Inverse lifting Thus initial eight elements present i_n a datayarra
scheme transform as the name suggested is thermirrg'€ réduced to four average and four differenceager
process of forward lifting scheme transform. We ame procedure from Step 1-3 is repeated further,

recover the original data sequence by going upwasds considering AVG1 vector as input data array for the
shown in Fig. 3. Additions are substituted for next level forward lifting scheme transformatiorhub

subtractions and subtractions for additions. Thegme the successive transformanons_ can be taken whea
step replaces the split step. compongnt reaches smgle coefﬂment. _
For image processing applications, this procedure
MATERIALSAND METHODS of Step 1-3 is applied to all the rows presenttia t
image. The resulting matrix is subjected to the esam
Image resizing using lifting scheme: Image is a data procedure of 1-3 Step on all columns in the imades
set made up of rows and columns. Monochrome imagegsults in Low Pass Low Pass (LPLP) approximatibn o
are two dimensional with one intensity value assteti  the image and is the 50% reduced version of the
with every pixel. Being two dimensional, they aoebe  original image. Thus at each level, the LPLP (AVG
processed first row wise and then column wisecomponent after row-wise and column-wise
assuming that the image signal is orthogonal ilmtle¢  computation of lifting scheme DWT) is considered as
directions. Here, we present computation of onehe interpolated version of the original image. The
dimensional wavelet transform using lifting scheanel  difference components obtained at every stage saé u
then extend it to the 2D images to compute the Harfor reconstruction of the original image. For thexn
Wavelet transform. Consider the following pixel row level lifting scheme forward transformation average

intensity data array: component of earlier level acts as an input. Atrgve
lifting scheme forward transformation, image siztsg
S =1{32, 10, 20, 38, 37, 28, 38, 34} reduced to 1/2f the input image size. Thus finally

individual the component (LPLP, LPHP, HPLP and
HPHP) of an image gets reduced to single DWT
coefficient after successive transformations. Fegdr
and 5 shows resizing of cameraman.tif image.

Step 1 (split): Initially this data set is divided into two
parts. First, third, fifth, seventh pixel are acenadated
in the first part called odd part. Second, fortixths
eighth pixel are accommodated in the second pHetdca

even part that is: Reconstruction of the image using I nver se discr ete

Odd = 32, 20, 37, 38 and Even = 10, 38, 28, 34 wavelet transform: The original data can be
reconstructed with the help of inverse lifting
Now this even and odd data parts are processeukin tscheme. Four pixels obtained in forward lifting
following stepwise manner to obtain average andscheme transform now acts as an input to
difference terms. reconstruct average vector in inverse lifting schkem
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y

Image of 135198 Zero padded image of 2266

Fig. 4: Lifting scheme based reduction in image sif
cameraman.tif

Resized image of 12828 Resized to 6464

Y

Fig. 5: Lifting scheme based image resizing oOf
cameraman.tif

Resized to 3232 Resized to 1616

Resized to 88 Resized to %4

Fig. 6: Lifting scheme based Image resizing of.tell

.--.

Fig. 7: Lifting scheme based Image resizing of.tell
Proceeding further in this manner as explained in
materials and methods till all average vectorsajoled

in various levels of forward lifting scheme
transformation) gets processed, yields all the vexm
elements in the last step. These reconstructedeeksm
correspond to the respective elements in the aligin

array. Similar procedure is adopted in row wise and Resized to 22
column wise manner for the image. Figure 6 and 7
presents resizing of cell.tif image. Successiverpulation  Fig. 8: Successive interpolation of red component o
of red component of onion.png to single pixel DWT onion.png to single pixel DWT component
component viewed to the same scale is shown ir8Fig. viewed to the same scale
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.I.
Recovered red Recovered blue

Image of %2 Image of 44
H H
Image of &4 Image of 1816

Recovered color image

Fig. 10: Comparison of original and recovered image
of onion.png

Recovery of this red component using inverse liftin
scheme procedure is presented with various stagewis
images in Fig. 9. Recovered red, green and blue
component and final reconstructed image along with
original color image is shown in Fig. 10.

Image resizing with the algorithm as presente@ her
is not possible if the image is not available ie gize
2"x2". The size of the original image with rows ‘r’ and
columns ‘¢’ is converted into the next"&2" ) size by
zero padding at the ends of all rows and colunms i.
adding (2-r) zeros in all the columns and{@) zeros in

Image 128128 Image of 25&56 all the rows at the ends.

Magnification of images. Down-sampling and up-
sampling in Discrete Wavelet Transform and Inverse
Discrete Wavelet Transform respectively createcebas
for many researchers to resize an image (Esal.,
2002; Tsai and Acharya, 2006) to smaller sizes. But
image magnification is least experimented so famgis
. DWT. Here, a novel concept of image magnification
Recovered image of 18598 and subsequent reconstruction is proposed. In this
scheme, zeroeth level DWT (Asamwairal., 2010) is
Fig. 9: Successive interpolation of red component ofused followed by IDWT for magnification of the
onion.png from single pixel DWT component to images. Input Image is allowed to undergo zerasibll
the original image size viewed to the same scale discrete wavelet transformation which results ie th
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four components (LPLP, LPHP, HPLP and HPHP).(4) Above steps from (1): (3) are repeated tilluieed
These are now subjected to the Inverse Discrete magnification level is achieved

Wavelet Transformation using Inverse Haar lifting

wavelet. The procedure of successive magnification Tablel and 2 presents comparative performance of
using zeroeth level DWT is presented in following bilinear, bicubic and DWT methods using MSE and
algorithm. PSNR as evaluation parameters for color and b/w
images respectively. MSE and PSNR values pertaining
to magnification and subsequent reconstruction of

(1) Zeroeth level discrete wavelet coefficients areMages are presented in Table 3 and the correspgndi

computed for an image (mxn) resulting in the four'Mages are shown i . Fig. 11. Var_iable_ sca_le
zeroeth level DWT components (LPLP, LPHP, magnification can also be implemented using piesewi
HPLP and HPHP) each of size (mxn). Here thedPplication of liting IDWT-DWT procedure for
Harr filters [1 1] and [-1 1Jare applied row-wise magnification using fractional level DWT conceptdan
and column-wise for all i = 1:m and j = 1:n, simila PICeWise application of DWT (Asamwerral., 2009).

to regular DWT transformation . -

(2) Inverse Discrete  Wavelet  Transformation ‘ ‘
algorithm is applied on these four zeroeth level oy
DWT components using inverse discrete Harr crif
filters [1 1] and [1 -1]; resulting in magnificaticof
the original image to size (2mx2n) i.e., i = 1:2*m
and j = 1:2*n

(3) Resulting image can again be subjected to the
zeroeth level DWT and subsequent inverse discrete
wavelet Transformation for further magnification

Algorithm 1:

Magnified circuit.tifimage

as described in (1) and (2) Fig. 11: Magnification of circuit.tif
Table 1: MSE and PSNR for color images
Bilinear Bicubic DWT
Image Size (rxc) MSE PSNR MSE PSNR MSE PSNR
Autumn.tif 206x345 1863.80 15.4268 1624.40 16.020 1.7018 45.8443
Board.tif 648306 5556.20 10.6830 5534.00 10.700 1.9296 45.5456
Onion.png 135198 1708.10 15.8057 1568.10 16.177 1.2098 47.3050
Fabric.png 488640 1966.20 15.1900 1948.70 15.230 1.7082 49.0960
Football.jpg 256320 904.16 18.5600 712.62 19.600 1.6438 46.2671
Greens.jpg 306600 3030.20 13.3100 2987.40 13.370 1.6498 45.9748
Gantrycrane.png 264,00 2243.60 14.6214 2193.00 14.720 1.6756 46.090
Table 2: MSE and PSNR for b/w images
Bilinear Bicubic DWT
Image Size (rxc) MSE PSNR MSE PSNR MSE PSNR
Blob.png 27%329 0.0300 63.35 0.1243 57.18 0.0767 59.2827
Cameraman.tif 25656 2241.1000 14.62 2002.4000 15.11 1.7281 45.7850
Cell.tif 159x191 185.7400 25.44 182.7000 25.51 1.5322 46.2776
Circbw.tif 280x272 0.2080 54.95 0.2039 55.03 0.3911 52.2082
Circle.png 256256 0.1189 57.37 0.1095 57.73 0.2740 53.7537
Circuit.tif 280x272 1359.3000 16.79 1296.4000 17.00 1.1645 47.4508
Coins.png 248300 2670.8000 13.86 2563.6000 14.04 1.8678 45.4175

Table 3: MSE and PSNR for magnification of images

Bilinear Bicubic DWT
Image Size (rxc) Magnified size MSE PSNR MSE PSNRMSE PSNR
Circuit.tif 280x272 221%2155 4.2061 41.8900 0.8017 49.09 16.6653 35.91
Cameraman.tif 25656 202%2027 50.1442 31.1286 14.9228 36.39 157.7181 26.15
Pout.tif 29%240 230%1899 1.3918 46.6950 0.3129 53.17 10.8261 37.78
Airplane.tif 256256 202%2027 10.2340 38.0300 1.6740 45.89 34.9380 32.69
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RESULTS

During the computation of DWT using lifting
scheme, the image size is compressed by 50% imsow
well as in column direction at each level and at lae
are left with only one pixel for each componenteTh e
average component (LPLP) image at each level is the
resized version of the original image. This careasily
understood by Fig. 4 and 6. Figure 4 shows theiresi
of cameraman.tif (256€56) to a level at which single
pixel DWT components are obtained (8th level).«
Figure 5 shows the reconstruction of cameraman.tif
using inverse lifting scheme. The Fig. 4 and 5 fyain
shows the LPLP components during size reduction and
reconstruction. Figure 6 shows resizing of the cell
image whose actual size is not equal %22 Figure 7
shows the reconstruction of cell image. Lifting scte
processing on color images with Fig. 8 and 9 shitwes
resizing and reconstruction of red component of
onion.png viewed to the same scale. Original opiog.
image of 135198 size is zero padded to 2266 size °
and then lifting scheme is applied on it. Internageli
resized versions of image to the scale” Mhere n
indicates level of lifting scheme DWT are preserftad
red component of onion.png viewed from the same
scale. DWT are presented for red component of
onion.png viewed from the same scale. Figure 1@&sho

and then sub sampled. Recursion occurs on the low
pass band. The lifting scheme makes optimal use of
similarities between the high and low pass filters
speed up the calculation. The number of hops can
be reduced by a factor of two

The lifting scheme allows a fully in-place
calculation of the wavelet transform. In other
words, no auxiliary memory is needed and the
original signal (image) can be replaced with its
wavelet transform

In the classical case, it is not immediately clisat

the inverse wavelet transform actually is the
inverse of the forward transform because here the
filter is used to obtain DWT. Only with the Fourier
transform one can convince oneself of the perfect
reconstruction property. With the lifting scheme,
the inverse wavelet transform can immediately be
found by undoing the operations of the forward
transform. In practice, this comes down to simply
changing each ‘+' into a *-" and vice versa

The lifting scheme is a very natural way to
introduce wavelets in a classroom. Indeed, since it
does not rely on the Fourier transform, the
properties of the wavelets and the wavelet
transform do not appear as somehow “magical” to
students without a strong Fourier background

original and recovered onion.png image along wish i \ easures to evaluate the performance: The signal in
individual red, green and blue component of thethis case is the original image data and the emorbe
recovered image after the reconstruction. Originakomputed by subtracting the reconstructed imaga dat
circuit.tif image of 288272 size is magnified to three from the original image data. Each error comporngnt
times using DWT and corresponding magnified imagesquared and then mean is found out as Mean Squared

are shown in Fig. 11. The fidelity of the reconsted

Error (MSE). Noise is represented using the Mean

color and monochrome images with respect to thequared error resulting out of the transformatind tne
original image is represented by the MSE and PSNRubsequent reconstruction. The MSE is definedvior t
values presented in Table 1-3 shows the results ghxn size monochrome images | and K, where one (K)
magnification and subsequent reconstruction usiieg t of the image is considered a noisy approximatiothef

proposed algorithms.

DISCUSSION

other (1) and is defined in Eq. 8:

_im—ln—l o 2
MSE_mnizog‘Hl(l’D K@i, )| (8)

Comparisons between filter based dwt and lifting
scheme: The lifting scheme is a new method for
constructing  biorthogonal wavelets. The main
difference with classical constructions is thatdes not

The parameter peak signal-to-noise ratio often

abbreviated as PSNR and is the ratio between the

rely on the Fourier transform. The lifting schemmela maximum possible power of a signal and the power of

filter based DWT can be compared as follows:

corrupting noise that affects the fidelity of its

representation. As many signals have a very wide
« The lifting scheme allows a faster implementationdynamic range, PSNR is usually expressed in tefms o
of the wavelet transform. Traditionally, the fastthe logarithmic decibel scale. The PSNR is most

wavelet transform is calculated with a two-bandcommonly used as a measure of

quality of

sub band transform scheme, Fig. 1. In each step th@construction of lossy reconstruction. The PSNR is
signal is split into a high pass and low pass bandlefined as in Eq. 9:
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MAX 2 MAX Table 4: Computational requirement for interpolatad one pixel
PSNR= 10-|090[ ! }= og( L J (9)  No. of mathematical processes Bilinear Bicubic Besgl DWT
MSE MSE Addition and subtraction 19 38 6
Multiplication 12 62 12
Here, MAX is the maximum possible pixel value PVision 4 14 6

of an image. When the pixels are represented uging Total % 114 24

bits per sample, this is 255. For color images ihtiee
RGB values per pixel, the definition of PSNR is sam

except that, MSE is the sum over all squared value.“" "
icubic performance. However, these results are

differences divided by image size and by three.idajp ) .
values for the PSNR in lossy image and Videoobtamed at much less computational load as cordpare

compression are between 30 and 50 dB, where highé? the biIir_1ear and bicubic interpolation methods a
PSNR indicates better reconstruction. When the twcpresented in Table 4.

images are identical the MSE will be equal to zero,

resulting in an infinite PSNR. MSE and PSNR values REFERENCES

for the work presented here for various gray andrco

images are tabulated in Table 1 and 2. Mean squarédsamwar, R.S., K.M. Bhurchandi and A.S. Gandhi,
error in case of magnification experimentation is  2009. Piecewise lifting scheme based DWT to
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