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ABSTRACT 

Image re-colorization is a challenging topic of 

ongoing research in Computer Vision. We present a 

convolutional neural network based system using 

OpenCV that faithfully colorizes black and white 

photographic images without direct human 

assistance. We explore various color spaces & image 

weights. We take a grayscale image as input and 

attempt to produce a coloring scheme. The goal is to 

make the output image as realistic as the input and 

converting the gray scale image to colorized image 

by OpenCV mechanisms.  We give one image as 

input and system will automatically convert the black 

and white image into color image. 

Keywords: RGB, CNN, Python, Open CV. 

1.  INTRODUCTION 

 

Automated colorization of black and white images 

has been subject to much research within the 

computer vision and machine learning 

communities[1]. Beyond simply beingfascinating 

from an aesthetics and artificial intelligence 

perspective, such capability has broad practical 

application ranging from video restoration to image 

enhancement forimproved interpretability[2]. 

 

In recent years, convolutional neural network (CNN) 

have emerged as the de facto standard for solving 

image classification problems, achieving error rates 

lower than 4% in the ImageNet challenge[3][4]. 

CNNs owe much of their success to their ability to 

learn and discern colors, patterns, and shapes within 

images and associate them with object classes.[5][6] 

We believe that these characteristics naturally lend 

themselves well to colorizing images since object 

classes, patterns, and shapes generally correlate with 

color choice[7][41]. 

 

Image colorization is the process of taking an input 

grayscale (black and white) image and then 

producing an output colorized image that represents 

the semantic colors and tones of the input (for 

example, an ocean on a clear sunny day must be 

plausibly[42][43] “blue” — it can’t be colored “hot 

pink” by the model)[8].The technology itself has 

moved from painstaking hand colorization to today’s 

largely automated techniques. In the United States, 

Legend Films used its automated technology to color 

old classics[9][44]. In India, the movie Mughal-e-

Azam, a blockbuster released in 1960 was remastered 

in color in 2004[10][11]. People from multiple 

generations crowded the theatres to see it in color and 

the movie was a huge hit for the second time!Many 

colorization papers have been published using 

traditional computer vision methods. One of my 

favorites is a paper titled Colorization using 

Optimization by Anat Levin, DaniLischinski, and 

Yair Weiss[12]. It used a few colored scribbles to 

guide an optimization problem for solving 

colorization[45][46]. 

Let’s first define the colorization problem in 

terms of the CIE Lab color space. Like the RGB 

color space, it is a 3-channel color space, but unlike 

the RGB color space, color information is encoded 

only in the a(green-red component) and b (blue-

yellow component) channels[13][14][47]. The L 

(lightness) channel encodes intensity information 

only[15][48]. 

http://jespublication.com/
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The grayscale image we want to color can 

be thought as the L-channel of the image in the Lab 

color space and our objective to find the a and b 

components[49][50]. The Lab image so obtained can 

be transformed to the RGB color space 

using standard color space transforms. For example, 

in OpenCV[16], this can be achieved 

using cvtColor with COLOR_BGR2Lab option. 

 

2.  METHODS 

 

In this article, we will take a practical 

approach to some basic image manipulation and 

transformations using OpenCV and Python. OpenCV 

is one of the best computer vision libraries and it is 

easy to use as well[17]. If you want to become a 

master in the field of computer vision and deep 

learning, then OpenCV is one library that you must 

check out[18][51][52]. So, in this blog post, we will 

check out some basic image manipulation and 

transformation techniques[53][54]. This will help you 

get started really easily whenever you find a new 

image dataset for your own project. 

2.1.Install OpenCV 

To follow along with this article, you will 

need the OpenCV library. If you have it already, then 

it’s well and good. Else, you can easily install it using 

pip command[19]. 

pip install opencv-python 

That’s it. You are all set now to follow along. Just 

one more thing. We will carry out all the image 

manipulations on one image only[20]. This will keep 

things really simple to follow. So, you can either 

choose one image of your choice or download the 

following image. 

2.2. Reading and Visualizing Image using Open 

CV 

Let’s start with very basic stuff. That is 

reading an image and visualizing it using OpenCV. 

The following is the code for reading and 

showing an image using Open CVOur journal was 

inspired in part by Ryan Dahl’s CNN based system 

for automatically colorizing images [21]. Dahl’s 

system relies on several ImageNet-trained layers 

from VGG16 [22][23], integrating them with an 

autoencoderlike system with residual connections 

that merge intermediate outputs produced by the 

encoding portion of the network comprising the 

VGG16 layers with those produced by the latter 

decoding portion of the network[55][56]. Image 

colorization is the process of taking an input 

grayscale (black and white) image and then 

producing an output colorized image that represents 

the semantic colors and tones of the input (for 

example, an ocean on a clear sunny day must be 

plausibly “blue” — it can’t be colored “hot pink” by 

the model)[24]. 

 

Previous methods for image colorization either: 

 

1. Relied on significant human interaction and 

annotation 

2. Produced restarted colorization 

The novel approach we are going to use here 

today instead relies on deep learning. We will utilize 

a Convolutional Neural Network capable of 

colorizing black and white images with results that 

can even “fool” humans! 

Similar to the RGB color space, the Lab color 

space has three channels[25]. But unlike the RGB 

color space, Lab encodes color information 

differently: 

 The L channel encodes lightness intensity 

only 

 The a channel encodes green-red 

 And the b channel encodes blue-yellow 

Since the L channel encodes only the 

intensity, we can use the L channel as our grayscale 

input to the network. 

From there the network must learn to predict 

the a and b channels[26]. Given 

the input L channel and the predicted ab channels we 

can then form our final output image. 

The entire (simplified) process can be summarized 

as: 

 Convert all training images from the RGB 

color space to the Lab color space. 

 Use the L channel as the input to the 

network and train the network to predict 

the ab channels. 

http://jespublication.com/
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 Combine the input L channel with the 

predicted ab channels. 

 Convert the Lab image back to RGB. 

 

3.  PROPOSED METHOD 

 

The proposed technique colorizes gray scale 

images by transferring colors from a gray scale image 

to a destination reference color image[27]. A feed 

forward convolutional neural network (CNN) is 

constructed and trained by mapping the pixels from a 

gray scale space(gray scale version) into a color 

space of the selected reference. 

In proposed system we change the black and 

white or gray scale image into a recolorized 

image[28][29]. Here we also transform the color 

spaces of the image from BRG color space to RGB 

color space. We use scales and pixel values to map 

the input image with the models we used to change 

the color.The proposed algorithm has two main 

phases of action. Phase one is setting up the (CNN) 

and training it using machine learning models. 

 

3.1. Colorizing black and white images with 

OpenCV 

 

Our colorizer script only requires three 

imports: NumPy, OpenCV, and argparse [30].Let’s 

go ahead and use argparse to parse command line 

arguments. This script requires that these four 

arguments be passed to the script directly from the 

terminal: 

 

image:  The path to our input black/white image. 

prototxt :Our path to the Caffe prototxt file. 

model :Our path to the Caffe pre-trained model. 

points : The path to a NumPy cluster center points 

file. 

 

Command line arguments are an elementary skill 

that you must learn how to use, especially if you are 

trying to apply more advanced computer vision, 

image processing, or deep learning concepts. 

3.2. To build an application with Open CV 

 An applications purpose  you need to do two 

things:  

• Tell to the compiler how the OpenCV library looks. 

You do this by showing it the header files. • Tell to 

the linker from where to get the functions or data 

structures of OpenCV, when they are needed.  

If you use the lib system you must set the 

path where the library files are and specify in which 

one of them to look[31]. During the build the linker 

will look into these libraries and add the definitions 

and implementation of all used functions and data 

structures to the executable file.  

Open CV's  functionality  that  will  be  used for  

facial  recognition  is  contained  within  

several modules[32].  Following is a short description 

of the key namespaces:  

CV namespace contains image processing and  

camera  calibration methods.  The computational  

geometry functions are also located here[33].  

MLnamespace contains machine-learning interfaces. 

HighGUI  namespace  contains  the  basic I/O  

interfaces  and  multi-platform windowing 

capabilities [34][35].OpenCV's  functionality  that  

will  be  used for  facial  recognition  is  contained  

within several  modules  

 

4.  EXPERIMENTS 

 

To improve the recognition performance, 

there  are  many  things  that  can  be improved  here,  

some  of  them  being fairly  easy  to  implement.  For  

example,you  could  add  color  processing,  edge 

detection,  etc[36][37].  You  can  usually  improve  

the  facerecognition  accuracy  by  using  more input 

images, at least 50 per person, by taking  more  

photos  of  each  person, particularly  from  different  

angles  and lighting  conditions[38].  If  you  can’t  

take more  photos,  there  are  several  simple 

techniques you could use to obtain more OpenCV  

has  the  advantage  of  being  a multi-platform  

framework;  it  supports both  Windows  and  Linux,  

and  more recently, Mac OS X[39][40].   

 

Open CV has so many capabilities it can 

seem overwhelming at first[41].  A  good 

understanding  of  how  these  methods work  is  the  

key  to  getting  good  results when using  Open CV.  

Fortunately, only a select few need to be known 

beforehand to get started.   

 

 

http://jespublication.com/
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4.1. Reading and Visualizing Image using 

OpenCV 

 

Let’s start with very basic stuff. That is 

reading an image and visualizing it using Open 

CV[42]. First of all, we import cv2. Then we read the 

image using Open CV’s im read() method. This 

method takes the image path as an argument[43]. 

Here, the path is Images/audi-640.jpg 

The following is the code snippet to change 

the color format of the image from BGR to RGB 

1. image_rgb = cv2.cvtColor(image,  

cv2.COLOR_BGR2RGB 

2. plt.imshow(image_rgb) 

3.plt.title('RGB Image') 

4.plt.axis('off') 

5.plt.show() 

 

In the above code, cv2.cvtColor() takes two 

arguments. One is the original image reference that 

we have read using OpenCV’s imread() method and 

the second one is the argument to change the color 

format. We have usedcv2.COLOR_BGR2RGB. 

There are many other options as well. To know about 

other color space conversions in OpenCV, you can 

visit this link 

 

4.2. IMAGE TRANSLATION USING OPENCV 

 

Translation of an image is moving or 

relocating an image or object from one location to 

another [44]. We can relocate the image in any 

direction using a transformation matrix. The 

following is a transformation matrix for translation.

y

1  0  t

0  1  t

x 
 
 

 

In the above matrix: 

tx: the units we want to move the image to move 

to the right (along the x-direction). 

ty: the units we want to move the image 

downwards (along the y-direction). 

We can use the warp Af fine() method in 

Open CV to carry out the image translation 

operation[45]. Let’s write the code first. 

 

4.2.1. TRANSLATION 

Translation is the shifting of object's 

location[46]. If you know the shift in (x,y) direction, 

let it be (tx,ty), you can create the transformation 

matrix M as follows: 

M=

y

1  0  t

0  1  t

x 
 
 

 

We use the function: cv.warpAffine (src, 

dst, M, dsize, flags = cv.INTER_LINEAR, 

borderMode = cv.BORDER_CONSTANT, 

borderValue = new cv.Scalar()) 

4.2.2. PARAMETERS 

src: input image. 

dst: output image that has the size dsize and the same 

type as src. 

Mat: 2 × 3 transformation matrix(cv.CV_64FC1 

type). 

dsize: size of the output image. 

flags: combination of interpolation methods(see cv. 

Interpolation Flags) and the  

optional flag WARP_INVERSE_MAP that means 

that M is the inverse  

transformation ( 𝚍𝚜𝚝→𝚜𝚛𝚌 ) 

4.3. CODING 

 But you must keep in mind that, OpenCV 

follows BGR convention and PIL follows RGB color 

convention, so to keep the things consistent you may 

need to do use cv2.cvtColor() before conversion. 

Pillow and Open CV use different formats 

of images[47][48]. So you can't just read a image in 

Pillow and use it manipulate the image in Open CV. 

Pillow uses the RGB format as @ZdaR highlighted, 

and Open CV uses the BGR format. So to you need a 

convertor to convert from one format to anotherTo 

convert from PIL image to OpenCV use: 

To convert from OpenCV image to PIL image use: 

import cv2 

import numpy as np 

from PIL import Image 

opencv_image=cv2.imread("demo2.jpg") # open 

image using openCV2 

http://jespublication.com/
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# convert from openCV2 to PIL. Notice the 

COLOR_BGR2RGB which means that  

# the color is converted from BGR to RGB 

pil_image=Image.fromarray(cv2.cvtColor(opencv_i

mage, cv2.COLOR_BGR2RGB) 

letdst = new cv.Mat(); 

let M = cv.matFromArray(2, 3, cv.CV_64FC1, [1, 0, 

50, 0, 1, 100]); 

letdsize = new cv.Size(src.rows, src.cols); 

// You can try more different parameters 

cv.warpAffine(src, dst, M, dsize, 

cv.INTER_LINEAR, cv.BORDER_CONSTANT, 

new cv.Scalar()); 

cv.imshow('canvasOutput', dst); 

src.delete(); dst.delete(); M.delete(); 

 

RESULTS  

4.4.1.REQUIRED PACKAGES 

 • CMake 2.8.8 or higher  

• Xcode 4.2 or higher  

Now to read the image, use the imread() method of 

the cv2 module, specify the path to the image in the 

arguments and store the image in a variable as below: 

img = cv2.imread("pyimg.jpg") 

The image is now treated as a matrix with rows and 

columns values stored in img. 

>>>print(type(img)) 

<class 'numpy.ndarray'> 

 

If you only want to apply contrast in one image, you 

can add a second image source as zeros using 

NumPy. 

4.4.2. EXECUTION 

python bw2color_image.py --prototxt 

model/colorization_deploy_v2.prototxt --model 

model/colorization_release_v2.caffemodel --points 

model/pts_in_hull.npy --image images/Mahanati-

Keerthy.jpg 

python bw2color_video.py --prototxt 

model/colorization_deploy_v2.prototxt --model 

model/colorization_release_v2.caffemodel --points 

model/pts_in_hull.npy 

 

Figure1. Sample test set input and output from ImageNet. 

http://jespublication.com/
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Figure 2. Sample test set input and output from ImageNet. 

 

Figure 3. Test set input images (left column), regression network output (center column), and classification 

network output (rightcolumn). 

 

http://jespublication.com/
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Figure 4. Sample outputs exhibiting color inconsistency issue. 

The regression network outputs are 

somewhat reasonable. Roads, Rose flower, Medical 

and nature are different colorization area on road and 

green of the image, with foliage, and there seems to 

be a slight amount of color tinting in the sky. We, 

however, note that the images are severely and 

generally unattractive. These results are expected 

given their similarity to Dahl’s sample outputs and 

our hypothesis. 

5.  CONCLUSION AND FUTURE WORK 

To improve the recognition performance, there  

are  many  things  that  can  be improved  here,  some  

of  them  being fairly  easy  to  implement.For  

example, you  could  add  color  processing,  edge 

detection,  etc.   Through our experiments, we have 

demonstrated the efficacy and potential of using deep 

convolutional neural networks to colorize black and 

white images. In particular, we have empirically 

shown that formulating the task as a classification 

problem can yield colorized images that are arguably 

much more aesthetically-pleasing than those 

generated by a baseline regression-based model, and 

thus shows much promise for further development. 
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