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Abstract—This paper presents an efficient color matching ap-
proach to address the photometric inconsistency problem that
commonly exists in panoramic images. Color correction, as the
first step, is to adjust the color and luminance of source images so
that the differences between adjacent images can be minimized.
Color blending is used after the color correction to further
smooth the color transition between adjacent images. With the
first image being selected as a basis image, the proposed approach
can start the color matching and stitching process once the second
image is captured. The proposed approach is simple and is very
suitable for panoramic imaging on mobile devices. Experimental
results demonstrate that the color transitions between neighbor-
ing images are smooth without visible seams and the color tone
of the final image is kept as close as the basis image.

Index Terms—Mobile panorama, color correction, color blending,
photometric consistency

I. INTRODUCTION

A panorama is a wide-angle representation of a scene and it is
usually built from multiple images captured at a single loca-
tion with slightly different viewpoints. The multiple captured
images have to be geometrically aligned and then stitched
together to form the final panorama. Due to the visual richness
on panoramas, various commercial applications have been
developed to provide panoramic image stitching functions [1].
At the same time, with the increasing processing power on
mobile devices, panorama mode has been embedded in almost
every smart phone and digital camera.

There are two main approaches in the literature to stitch
multiple images for panorama: optimal seam finding and
transition smoothing, assuming the images have been already
aligned. Optimal seam finding algorithms [2]-[4] search for a
seam in the overlapping area so that the differences between
two adjacent images on the seam are minimized. The optimal
seam can be found by graph-cut [2], dynamic programming
[3][4] or other algorithms. Then each image is copied to the
corresponding side of the seam. The advantage of optimal
seam finding is its low computational and memory cost,
but it is very sensitive to photometric inconsistency, which
appears as a global intensity or color difference between the
images due to changes of scene illumination and camera
responses. Thus the main problem of optimal seam finding
is that sometimes the seams are also visible and artifacts may
arise in the final panorama.
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Transition smoothing approach can reduce the seam artifacts
by smoothing the transition between images. One of the
simplest approach is using alpha blending [5] to combine
adjacent images through weighted combination. The weighting
coefficients vary spatially as a function of the distance from
the seam. Pyramid blending [6][7] on the other hand blends
the frequency bands of the images and different frequency
bands are combined with different blending masks. Gradient
domain techniques [8][9] are also widely used. They operate
directly on the gradient field of an image and the blending
is typically carried out by solving a Poisson equation with
boundary conditions. Although these approaches can reduce
artifacts effectively, they require large computational costs and
memory consumption. In addition, these approaches focus on
smoothing the transition in the vicinity of the overlapping area.
If the illumination and color differences among images are
very big, although seams can be smoothed to almost invisible,
the color tones change from one area to another area shown
on the final panorama may make the image look unnatural.

Color correction is thus often used before the stitching process
to balance colors and luminance in the whole image sequence.
A common approach is to transform the color of all the images
in the sequence to match the basis image. The transform
matrix across images can be represented as a linear model
[11][10] or a diagonal model [12], in which the mapping
parameters are computed from the averages of each channel
over the overlapping areas or from the mapping of histograms
[10][13]. These approaches are not sensitive to the quality
of geometric alignment, but the accuracy of color correction
needs to be improved. Recently, Xiong et al. [4] proposed
a much accurate color correction algorithm that minimizes
a global error function, to get the correction coefficients
simultaneously for the whole image sequence, followed by
a color blending step to further smooth the transition. To
establish the global error function, it is necessary to extract all
the mean values of overlapping areas between every pair of
adjacent images. In other words, the color correction process
and panorama stitching process can only be started after the
complete image sequence is captured, which causes unwanted
delays. In this paper, an efficient image stitching approach is
proposed to address the color/luminance inconsistency prob-
lem that existed in panoramic imaging. The proposed approach
aims at panorama stitching on mobile devices and it improves
the color correction and color blending processes proposed
in [4] to reduce the processing delay. Two major advantages
of the proposed algorithm are: 1) the synthesis process of a
panorama image can be started during image capturing instead
of waiting until the whole input image sequence is captured
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as in [4]. 2) The proposed color correction and color blending
methods are simpler than those in [4].

The rest of the paper is organized as follows. The detailed
color correction algorithm is introduced in Section II-A, fol-
lowed by the proposed color blending approach in Section
II-B. Section III shows the implementation and results. Section
IV concludes the paper.

II. THE PROPOSED APPROACH

A. Color Correction

Let the input image sequence be denoted as I1, I2, · · ·, and
IN . All of them are first converted from RGB to YUV color
space. Similar to the panorama imaging algorithm in [4], the
luminance in the overlapping regions of the adjacent images
are matched in log domain via the gamma correction. The
error function E1(γ1, · · · , γN ) is defined as
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Yi−1(p) and Yi(p) are the luminance values of pixel p in the
images Ii−1 and Ii (linearized from the sRGB luminance by
raising to the power of γ̂, γ̂ = 2.2). So

i,i−1 is the overlapping
region of the images Ii−1 and Ii. ni−1,i is the number of
pixels in the overlapping region So

i−1,i.

Unlike the the panorama imaging algorithm in [4], the first
image is selected as the basis image for the proposed panorama
imaging and the basis image has a priority to be preserved
without any change. So there is an additional term λ2(1−γ1)2

in the proposed error function E1(γ1, · · · , γN ) in Equation (1)
as compared with the error function in [4]. The objective is
to minimize the possible correction of the basis image. Due
to the introduction of the additional term, the optimal values
of γ1 and γ2 can be respectively approximated by 1 and
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Thus another advantage of the proposed method is that the
images Ij(j = i+ 1, · · · , N) are not required to compute the
optimal value of γi(i > 1).

After obtaining the optimal values of γ∗i (1 ≤ i ≤ N), the
luminance component of the ith source image is corrected via
the following gamma correction:

Yi(p)← Yi(p)
γ∗
i
γ̂ , i = 1, 2, · · · , N, (3)

where γ̂ is the gamma coefficient used for the linearization
of the sRGB color space.

The chrominance is matched in the overlapping regions of the
adjacent images with a linear correction and the error function
E2(α1, · · · , αN ) is defined as
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where αi is the linear correction coefficient of the image
Ii, S̄o

i−1,i and S̄o
i,i−1 are the chrominance mean values of

the images Ii−1 and Ii in the overlapping region So
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respectively.
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αi(i > 2) can be approximated as
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The images Ij(j = i + 1, · · · , N) are also not required
to compute the optimal value of αi(i > 2). The panorama
image can be simultaneously generated when the input image
sequence is captured, which is a very useful feature for real
time mobile panorama imaging.

After getting the optimal values α∗
i (1 ≤ i ≤ N), the chromi-

nance components of the ith image are linearly corrected as

Ci(p)← α∗iCi(p), i = 1, 2, · · · , N. (6)

B. Color Blending

Color transitions in the image sequence I1, I2, · · ·, and IN can
be smoothed through color correction. However, there are still
visible color differences. Color blending can further reduce
the color differences and provide smooth color transitions for
the whole image sequence.

Let p1, p2, · · ·, and pn be the n points on the optimal seam
mc in the overlapping regions. The optimal seam can be found
by using the method in [3]. D1, D2, · · ·, and Dn be the color
differences at those points between overlapping images, and q
be a pixel of the blending image. The pixel q is blended as

D(q) =

n∑
i=1

w(q, pi)D(pi)

n∑
i=1

w(q, pi)

, (7)

where w(q, pi) is defined as

w(q, pi) =
1

|qx − pi,x|+ |qy − pi,y|
. (8)

Notice that the division is time consuming for mobile device.
To reduce the amount of divisional operations, a function φ(z)
is defined as

φ(z) =
β

z
, 1 ≤ z ≤ H +W. (9)

where β is a large integer. H and W are the height and
width of input images. The function φ(z) is implemented as a
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look-up-table (LUT). The value of D(q) in Equation (7) can
also be computed as

D(q) =

n∑
i=1

φ(|qx − pi,x|+ |qy − pi,y|)D(pi)

n∑
i=1

φ(|qx − pi,x|+ |qy − pi,y|)
. (10)

C. Analysis of Processing Time

Fig. 1 shows a comparison between the proposed approach
and the approach in [4] using time flowchart to illustrate the
differences on the work flow. As shown in Section II-A, getting
the color correction parameters for Image Ii by solving the
cost functions in Equation (1) and (4) does not require any
information from subsequent images Ij(j = i+ 1, · · · , N) in
the sequence. The color correction process of Image Ii is thus
started once the image is capture. However, the approach in
[4] gets all the color correction parameters by solving a global
cost function that requires information from all the captured
images. It means the color correction process in the approach
[4] can only be started after image capturing. The benefit of
this parallel executing feature will be more obvious if more
source images are captured for the panorama. It is worth noting
that the time blocks are just for illustration and they are not
scaled proportionally. A comparison on the processing time is
shown in Section III.

Fig. 1: Illustration of work flow and processing time for (a) the
approach in [4] and (b) the proposed approach.

III. EXPERIMENTAL RESULT

The color correction and color blending approach has been
incorporated into an image stitching algorithm to create
panoramic images. The source images have very different
colors and luminance, and it is assumed the source images
are properly aligned with each other. The proposed approach
has been tested with different source image sequences and
the performance is compared with three other approaches:
image stitching without color matching; image stitching with
color correction in [12] that uses diagonal model, and image
stitching with color correction in [4] that uses global opti-
mization. The same image stitching algorithm is used by all
the approaches in the comparison.

Fig. 2 shows a comparison of panoramic images created by
different color matching approaches. The colors and luminance
of the 3 source images are quite different as shown in Fig. 2(a)
and the seams can be clearly seen from the stitched image
without color matching in Fig. 2(b). Although the approach in

(a)

(b)

(c)

(d)

(e)

Fig. 2: Comparison of results created by different approaches. (a)
Source images, (b) Image stitching without color matching, (c) Color
correction by approach in [12], (d) Color correction by approach in
[4], (e) Color correction by proposed approach.

[12] uses color correction and blending, the color transition is
not smooth enough to make the seams invisible on the final
panorama as shown in Fig. 2(c). Both the approach in [4] and
the proposed approach produce visually pleasing panoramas,
on which the color transitions are natural and the seams are
invisible as shown in Fig. 2(d) and (e). Fig. 3 shows another
set of comparison results with 6 source images. Similar visual
results are obtained as in Fig. 2. The original panorama images
without color inconsistency are used as ground-truth images to
do objective evaluation of the approach in [4] and the proposed
approach. The PSNR values of the images in Fig. 2(d) and Fig.
3(d) are 28.58dB and 27.30dB, respectively, while the PSNR
values of the images in Fig. 2(e) and Fig. 3(e) are 28.89dB
and 28.06dB.

Table I shows the computational time of the proposed approach
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Fig. 3: Comparison of results created by different approaches. (a) Source images, (b)Image stitching without color matching, (c) Color
correction by approach in [12], (d) Color correction by approach in [4], (e) Color correction by proposed approach.

TABLE I: Processing Time Evaluation of the Color Matching
Approaches (Time is measured in “second”).

640x640 (3 images) 1024x728 (6 images)
C B Total C B Total

Approach in [4] 0.80 24.10 27.00 2.67 151.54 159.37

Proposed 0.59 19.44 22.07 2.26 115.60 123.08

as compared with the approach in [4] using the source images
as shown in Fig. 2 and 3, where C indicates color correction, B
refers to color blending and Total is the overall processing time
that includes color correction, color blending, image labeling
and stitching. All the implementations are done in MATLAB
on Lenovo T400 with 2.8GHz processor, 4GB RAM. The
computational time is measured in “second”. For color cor-
rection step, with the first source image selected as basis
image, only the subsequent (N − 1) images are corrected in
the proposed approach, while the approach in [4] does a global
correction and adjusts the color and luminance of every source
image. The processing time needed by the proposed approach
is shorter. For color blending step, the two approaches adopt
similar blending method, but the computations with absolute
value operator in the proposed approach are much simpler
than the squared operator used in the approach [4]. Therefore,
the overall processing time of the proposed approach is also
shorter than that of the approach in [4] and when there are
more source images captured as input of panorama stitching,

the amount of time saved by the parallel executing feature
of the proposed approach is more significant. It is worth
noting that the processing time shown in the table are obtained
from MATLAB simulations. The actual processing time with
optimized implementation will be much less than those shown
here, but the gap between two approaches is expected to be
larger if both approaches are implemented on mobile devices
with limited computational resources.

IV. CONCLUSION

In this paper, a color matching approach is presented to solve
the photometric inconsistency problem in mobile panoramic
image stitching. The proposed approach consists of two steps.
Color correction first corrects the source images to minimize
the color and luminance differences between adjacent images.
Color blending is then applied to further smooth the color
transition between adjacent images to make the seam invisible.
A major advantage of the proposed approach is that the
processing can be done in parallel with image capturing while
the existing approach in [4] can only establish the cost function
to get correction parameters when all the source images are
captured. In addition, the calculations involved in the proposed
approach are also simpler than those in [4]. Both features are
very much needed for panoramic image stitching on mobile
devices. Experimental results have shown that color transition
is natural and smooth, the optimal seam are also invisible on
the final panoramas produced by the proposed approach.
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