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This paper introduces a methodology for adding color to grayscale images based 

intelligent scene analysis. Towards this goal, we build on a technique that was recently 

developed to transfer colors from a user-selected source image to a target grayscale 

image with some modification. Search method will be shown a color source image. We 

propose improvements to existing solutions through intelligent scene analysis image. At 

the end we show results of colorize. 

 

Introduction 

Coloring grayscale images in a way that seems 

realistic to most human observers is a problem 

that has recently attracted renewed interest 

within the computer graphics community. The 

coloring problem amounts to replacing a scalar 

value stored at each pixel of a grayscale image 

by a vector in a multi-dimensional color space. 

This problem doesn’t have a unique solution, 

because in the transition to grayscale image 

unsalvageable lost color information. 

Today, there is some of software that allows 

coloring grayscale images. But in these 

systems humans must meticulously hand-color 

each of the individual image regions. For 

example, Recolored system [1]. In addition, 

there are some articles that describe a fully 

automatic coloring [2][3], but they aren’t used 

intelligent scene analysis. 

Colorize technique 

Fig. 1 illustrates the proposed technique to 

color a grayscale image using information 

from database of color images and database of 

objects. The technique consist of two steps: 

colorize overall part of image and colorize 

objects, if they are found. User can add and 

delete images of base of color images, but 

can't add or delete objects of base of objects, 

because to objects are put forward more 

stringent requirements.  

Today, most of the existing systems stop at the 

first step. The second step is a key feature of 

the proposed technique.  

 

Fig. 1. Colorize technique 

 



Signature of image 

Signature – 128 float values, obtained from 

normalized histogram of l channel lab color 

space. In [3] has been shown that 128 – 

optimum number of elements signature. Fig. 2 

demonstrates a process for preparing signature.  

 

Fig. 2. Signature of image 

 

Two signatures are compared [4] on the basic 

of correlation (1) between them: 

 

 
 

where H1 and H2 – signatures, N equals 

number of elements signature (N=128) and 

 equals (2): 

 

  

 

Base of color image 

Fig. 3 illustrate adding image to base. The base 

contains color images and pairs of signature 

and name of the image. Name of image is 

unique. These pairs provide a fast search 

required image according its signature. User 

can add and delete image. 

  
Fig. 3. Base of color image 

Verification quality of the result 

Method of verification based on structural 

similarity (SSIM) index [5]. The SSIM index 

is a full reference metric; in other words, the 

measuring of image quality based on an initial 

uncompressed or distortion-free image as 

reference, therefore we must do the following: 

for test color image get his grayscale variant 

and colorize it, then we get SSIM (3) for 

source color image and the result of colorize 

and multiply by 100%. 

 

 
where 
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; 
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 two variables to 

stabilize the division with weak denominator; 

L – the dynamic range of the pixel-values; 

k1 = 0.01, k2 = 0.03 – constants. 

Transfer c neighborhoodolor from source 

color image to target grayscale 

Once an appropriate source color image has 

been selected for a given target grayscale 

image, we use the method of Welsh et al. [6] 

to transfer the chromatic information from the 

source to the target image, while keeping the 

luminance of the latter unchanged. 

Welsh’s method based compares small pixel 

neighborhoods on the luminance channels 

color and grayscale images. In small pixel 



neighborhood calculate the average and 

variance. The modification is to change the 

size of neighborhood from 5x5 to 25x25. 

Fig. 4. demonstrates a change SSIM index and 

time of coloring depending on the size of pixel 

neighborhood. 

 

Fig. 4. The dependence the time of coloring and SSIM 

index of the pixel size of the neighborhood 

Find objects on image 

Object is a triple (4): 

 

where  

S – speeded-up robust features (SURF) interest 

points and descriptors; 

C – Hu moment of main contour of object; 

G – object color, it is values of l, a and b 

channels. 

SURF is a robust local feature detector, first 

presented by Herbert Bay et al. in 2006 [7]. It 

uses an integer approximation to the 

determinant (6) of Hessian matrix (5). For 

features, it uses the sum of the Haar wavelet 

response around the point of interest.  

 

 
where 

H – The Hessian matrix for the two-

dimensional function; 

det(H) – determinant of Hessian matrix; 

f(x,y) – arbitrary two-dimensional function. 

With the SURF object is localized in the 

image. Then in this location we find all 

contours and find most similar Hu-moment. 

Moment (7) of contour is a gross characteristic 

of the contour computed by integrating over 

all of the pixels of the contour. There are the 

central (8), normalized (9) and Hu moments 

taken in the sum just displayed. The Hu 

invariant moments are linear combinations of 

the central moments. The idea here is that, by 

combining the different normalized central 

moments, it is possible to create invariant 

functions representing different aspects of the 

image in a way that is invariant to scale, 

rotation, and reflection [4]. 

 

where p is x-order and q is y-order, whereby 

order means the power to which the 

corresponding component is taken in the sum 

just displayed; I(x,y) – contour. 

 

where xavg = m10/m00 and yavg = m01/m00. 

 

As a result, objects on image localized based 

SURF method, then find contour based Hu 

invariant moments and colorize Welsh’s 

method inside this contour. 

Coloring objects on image allows improving 

the quality. On fig. 5 shows colorize image 

without colorize objects, index SSIM=77.58%. 

 
Fig. 5. colorize image without colorize objects 

 



On fig. 6 shows colorize image with colorize a 

car, index SSIM=79.62%. We received 

improving quality to 2% from this car. 

 
Fig. 6. Colorize image with colorize objects 

Results of colorize 

On fig. 7 presents some results of colorize 

image. 

 

 
Fig. 7. Result of colorize 

Conclusion 

In this article we propose a methodology for 

adding color to grayscale images based 

intelligent scene analysis. Two steps of 

coloring allow improving quality as compared 

with only first step. But coloring objects has 

some problem: a large count of object is very 

time-consuming. 
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