ISSN (Print) :2319-8613
ISSN (Online) : 0975-4024 Fernando Martinez Santa et al. / International Journal of Engineering and Technology (IJET)

Blueprints Obtention by means of Using
Digital Image Processing Algorithms

Fernando Martinez Santa™, Holman Montiel”, Fredy Martinez™

#Technology Faculty, Universidad Distrital, 68d Bis A south st. 49F-70, Bogota, Colombia
! fmartinezs@udistrital.edu.co
2hmontiela@udistrital.edu.co
® thmartinezs@udistrital.edu.co

Abstract—This paper presents the proposal of an algorithm to obtain images similar to design plans
or/and blueprints, starting from color images or real photographs of the objects.The proposed approach
generates both, black & white plans and blueprint-like images, applying image processing operations like
gray-scale conversion, image thresholding, image convolution, fast Fourier transformation, histogram
stretching, among others. This process is divided in steps and grouped in a common pipeline to obtain de
main edges of the image and to different branches to generate black & white plans and blueprints. The
proposed process works over images with resolution higher than 900x600 pixels and with flat
backgrounds, to obtain reliable results.
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I. INTRODUCTION

Paper plans are usually used as tool to represent the main or starting idea of any kind of project, such as
architectural, electronical, mechanical, etc. Frequently, design plans are called blueprints, referring to the old
photographic printing process named cyanotype, with which cyan-blue copies were obtained from the original
plan or paper. Blueprints are used not only as starting step in the process of manufacturing of a specific device
or product, but also to recreate it. That is the case of 3D modelling process, for which,plans or blueprints of the
devices are used as raw material to model it in a 3-dimensional environment, even some algorithmsbased on that
concept have been proposed [1]-[3], as well as some applications [4].

In areas like architecture and computer animation, the use of objects such as: furniture, lamps, kitchen and
desktop objects, bicycles, motorbikes and cars, among others, is really often; that is why 3D modelers are
constantly creating those ones, which most of times have to be specific, for instance a specific brand and model
of a car. Due to that, 3D artists used to base their projects on design plans or blueprints of the original objects to
make a 3D model as similar to the original as possible. Obtaining design blueprints is really difficulteven more
when the object or product has been recently released. On the other hand, nowadays, photographs are very easy
to be obtained or taken directly from the object, that is the reason why this paper proposes a blueprint obtaining
approach starting from photographs or images of the objects, by means of using some digital image processing
algorithms.

Digital image processing algorithms have been widely used to solve a lot of different problems such artificial
vision [5], [6], robotics[7], satellite images analysis[8], among others. Some image processing techniques have
been used specifically to scan, analyse and enhance plans [9]-[11] and to obtain them, for instance extracting
plans from 3D point clouds [12], drawing blueprints using hardware acceleration [13], generation of blueprints
for smart homes[14], or procedural generation of blueprints [15].

Generally, the main process to obtain a plan or blueprint from an image of photo is de edge detection, for
which there are different algorithms, most of them use bi-dimensional convolution operations. One of the most
common edge detection algorithm isSobel[16], [17], for which some improvements have been formulated [18],
[19] combining it with some other ones. Sobel has been widely used for pattern recognition like license plate
recognition [20], among others. Next sections show the pipeline (flow steps of the processed images) proposed
approach, which uses the Sobel algorithm along with some other digital image processing ones, and produces
both, images similar to the old-style blueprints and black-white plans, starting from images or photos.
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Il. METHODOLOGY

The blueprints and black-white plans generation process proposed here, has almost the same pipeline or
process steps, and only change in the last ones, it means the steps before the final visualization. The common
processing steps are: RGB to gray-scale image conversion, edge detection, band pass filter using FFT (fast
Fourier transformation) and finally the zero-correction based on image histogram analysis. All this pipeline is
shown in Fig. 1.

input RGB image

Zero displacement

Gray-scaleedges image

Fig. 1. Gray-scale edges image obtention pipeline

A. Gray-scale conversion

In this step the RGB input image is turned into a gray-scale one, carrying out a quite simple process: the RGB
input image with X*Y*3 size is split in each of its color channels of X*Y size, after each pixel is averaged with
the same in all channels obtaining a gray-scale image which corresponds with the original one.

B. Sobel edge detection

Staring from the gray-scale image (just named | in this paper), and edge detection algorithm is used to obtain
the basic edge lines of the blueprint. Most of the image edge detection algorithms are based on the bi-
dimensional discrete convolution between the original image and a small convolution matrix (equations 1 and 2).

Ic(x'y) =1(x'}’)*Mc(x,J’) (1)

I(x,y) = Tmax ymax M (i, ) (x — i,y — ) @)

Specifically, Sobel algorithm uses two convolution matrices, one by horizontal edges and another one by the
vertical ones. Equations (3) and (4) show those matrices, with which the images I, and |, are obtained after
applying the convolution operation described in the equation (2), finally both of them are averaged obtaining the
edges image l.. An example pair of gray-scale image and resulting edges image is shown in Fig. 2.
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Fig. 2. Edge detection using Sobel algorithm. Gray-scale image (left), edge resultant image (right)

C. Band pass filter

When the Sobeloperation is applied to a real photo, not only generates the main edges of the shape but a lot of
different unnecessary sub-edges. In order to reduce this kind of noise, a band pass filter based on bi-dimensional
FFT is applied to the edge image.The Fourier transformation turns the image into the frequency domain, where
some operations are easier to do, in this case it is desired that just the lines of certain thickness keep on the
image. The main lines of the edge image have from 3 to 10-pixel thickness due to the 3x3 convolution mask
used by the Sobel algorithm and the original resolution (and average of 1000x800 pixels), then the proposed
band pass filter allows to pass image frequencies higher than 3 and lower than 10 pixels, resulting a filter image
as shown in Fig. 3.

Fig. 3. Lines band pass filter image (let pass lines from 3 to 10 pixels)

To achieve the filtering process, it is necessary to follow these steps: the image is first turned into frequency
domain, after the resulting image is multiply by the filter image (Fig. 3) and finally an inverse FFT is applied to
obtain the resultant image. Fig. 4 shows the images before and after applying the proposed band pass filter by
means of FFT operation.

Fig. 4. Band pass filter using FFT. Edge image (up), filtered image (down)
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D. Zero correction

The resultant image after applying the FFT band pass filter always look with a gray background (it has a zero
displacement), this effect is produced to apply the inverse FFT. Due to the goal of this paper is to obtain a plan
or blueprint it is necessary to obtain for this step, a black background. To correct this zero-displacement error, it
is imperative to calculate it, this is able to be done through an image histogram. The histograms obtained from
that kind of images are similar (see Fig. 5 left), they have only one big “peak” and a small “tableland”just before
it. This tableland represents the gray background to be eliminated, then a subtraction operation is performed
between each pixel of the image and a constant valueK, which is defined as the maximum peak value Myof the
image histogram reduced in 10%, this point is the average one where ends the tableland and starts the peak in
around 10 image histograms analyzed. Fig. 5 shows the histograms before and after applying the zero correction,
and Fig. 6 shows the images before and after applying it.

N 200000 E @009 |

0 255 0 255
Count: 675268 Min: 0 Count: 675268 Min: 0
Mean: 103.242 Max: 255 Mean: 20.249 Max: 165
StdDev: 39.225 Mode: 103 (166787) StdDewv: 31.383 Mode: 0 (175787)

Fig. 5. Histogram of the filtered image. Before (left), and after doing the zero correction (right)

Fig. 6. Zero correction process based on histogram analysis. Before (left), and after doing it (right)

I11. FINAL VISUALIZATION

The proposed approach automatically obtains both, black & white plans and blueprints starting from and
RGB photograph or image. Fig. 7 shows an example of an original and the two resultant images.

Fig. 7. Results of the proposed approach. Original image (left), black & white plan (right-up) and blueprint (right-down)
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For doing this final visualization, two different pipelines were proposed, one for black & white plans and
another one for blueprints, this section describes detailly each one.
A. Black & white plans

The black & white plans are obtained applying a simple thresholding process to the edge filtered image,
where the used threshold is selected using the same histogram analysis described in the zero-correction section,
as the Mpincreased in 80% (far from the main peak). After, the resultant binary image is inverted in order to
obtain a white background image. Fig. 8 shows the image obtained after applying the thresholding and inversion
process.

Fig. 8. Black & white plan obtention. Before (left), and after applying the thresholding process (right)

B. Blueprints

A Dblueprint refers in general to a design plan, but the word comes from the old photographic printing and
copying process also named cyanotype, which produced plans of blue and cyan color. In order to obtain this
blue effect, it is necessary to turn the image back into RGB color one, copying the gray-scale image (the edge
filtered) three times, one by color channel. After, each color channel has to be modified to obtain de desired
color. Due to the desired image has blue background and cyan lines, the first step is increase the zero level to the
blue channel to turn the background into dark blue. This zero level is increased in a constant K, corresponding to
the same value obtained in the zero-correction section (analyzing the image histogram). Likewise, the red
channel is decreased using the same constant K, with the purpose of obtaining the cyan color for the lines, due to
cyan color is obtained with high values in the green and blue channels and low values in the red one. After that,
the contrast of the green channel is enhanced, looking for the lines to be highlighted without affecting the cyan
and blue color already obtained, this contrast enhancement is done by using a histogram stretching. Finally, all
the channels are merged in a RGB image. All the process proposed to obtain blueprint-like images is described
as shown in the pipeline of Fig. 9 and Fig. 10 shows an example of using it.

edgefilteredimage

,

Blueprint image

Fig. 9. Blueprint image obtention pipeline
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Fig. 10. Blueprint obtention. Before (left), and after applying the RGB merging (right)

IVV. CONCLUSION

The proposed automatic algorithm is able to obtain B&W plans and Blueprint-like images from photographs
applying some image processing operations. This approach is limited to images with a flat background, in order
to obtain clean resultant images. In case of using any kind of backgrounds it is necessary to apply an additional
background elimination algorithm, which will be developed for a future work.

The resolution of the input image is very important for obtaining reliable results. After applying the proposed
approach over 30 images with different resolution, better results where obtained for the ones with a resolution
equal or higher than 900x600 pixels. Low resolution images do not produce good results, due to the Sobel
operation uses a fixed-size matrix kernel, which generates edges with almost the same thickness producing lines
and edges too thick in low resolution images.

When real photographs are used, it is necessary to be aware of the lighting on the scene, specially outdoors,
because shines and shadows on the objects can produce artifact edge lines (as shown in the motorbike tank in
Fig. 2), which reduce the reliability of the resultant obtained image plan or blueprint.
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