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Abstract
In this paper, we investigate the problem of seg-
menting the foreground objects from the known
background. The target application is a setting
where a large display serves as the backdrop for a
scene. The method proposed in this paper solves
this problem in two steps. We try to separate the
foreground and the background with the modified
background subtraction base technique, which in-
volves taking the per-pixel difference of the image
with and without the foreground. The modifica-
tion includes blurring the image before taking the
difference and finding contours to separate noise
and small objects in the background from the fore-
ground. If the background subtraction fails, the
chroma-key method is used: we put the solid colour
screen behind the foreground object to ease the sep-
aration. To minimize the adverse effects of the
chroma-key on the lighting of the objects, we pro-
pose the method for the background screen mini-
mization using the pinhole camera theory.

1 Introduction
The new technology of compositing actors and background
was introduced in the Mandalorian TV show. Instead of only
using green screens behind the actors, that series used screens
with the same environment added to the movie, see Figure 1.
Consequently, light on the actor was a good approximation of
what it should be in the film scene. However, sometimes the
actors and objects in the scene need to be separated from the
background to change backgrounds or composite additional
visual effects. As the images on the screens behind the actor
are known, it is possible to use the background information
to extract the actor from the scene.

Nevertheless, sometimes different difficulties may arise
during the separation process. The foreground may have
colours identical to those that are in the background. As a re-
sult, the separation of the foreground and the background be-
comes complicated. Therefore, the chroma-keying technique
might be used in such situations: placing the solid colour
screen behind the actor will ease the foreground extraction.

Some works describe methods to separate foreground and
background, such as [4] and [9]. Many video matting tech-

Figure 1: Mandalorian setup. Image by Devin Coldewey [5].

niques exist, such as chroma-keying, difference matting, and
rotoscoping [3]. When they are combined, the matting results
are improved [4]. Another video matting technique based on
motion in video is optical flow [9]. However, none of them
explore video and image matting, having information about
the background. Neither do they observe methods to mini-
mize the amount of solid colour background screen needed.
Using the least amount of that screen behind the actor can im-
prove the overall quality of the video: the light on the objects
will be more natural, and shiny objects will have less chance
of having the wrong colour on them. That is why the question
was raised: ”How can we separate a foreground from a pro-
jected background, given the background, and how to do it
using the minimal amount of solid colour background screen,
in case that screen is needed?”

The first problem that arises is foreground-background sep-
aration. We analyze the existing works on image and video
matting, and with the obtained knowledge, try to improve the
baseline technique of the difference matting [4].

If the colours in the foreground are almost identical to
the colours in the background, the difference matting will
not give the proper results. As a solution to that prob-
lem, the chroma-key method may be used: we put a solid
colour screen behind the foreground object to ease the fore-
ground extraction [1]. To minimize the effects imposed by
the chroma-key screen on the lighting and the shiny objects,
the screen area should be minimized and have the closest to
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Figure 2: Green screen combined with the background colour
screen.

the original colour while still allowing a safe foreground ex-
traction. Figure 2 illustrates the concept: the size of the green
screen behind the human is just enough to cover the entire
area of the body.

To create a technique for background screen minimization,
we analyze the theory of a pinhole camera model. Using the
camera model, we find the points on the background screen
which capture the camera view and the foreground object.
These points correspond to the minimized chroma-key re-
gion.

This paragraph gives an outline of the paper. First of all,
the paper introduces the main problem, looks at similar prob-
lems, and explains methods used to solve the main problem.
Further, the author’s contribution is explained: what theory
researches were done and how they influenced the research
questions? The written code is presented and explained.
Moreover, the results are presented, and method disadvan-
tages are analyzed. Furthermore, the discussion on the re-
producibility and ethical component of the work takes place.
Finally, a conclusion is drawn, and open issues are listed and
briefly discussed.

2 Related works and methodology
Video matting is a process of separating a foreground of an
image or a video from its background, and it is widely used
in cinematography and image processing. There are many ex-
isting techniques for video matting; however, they have some
limitations and disadvantages. Some well-known techniques
are chroma-keying [1], difference matting [4], rotoscoping
[3], and optical flow [9].

Chroma-key technique requires a solid colour background
behind the actor. This technique is widely used in the real
world because of its efficiency and accessibility: it is easier
to extract the foreground when you know the exact colour of
the background. Nevertheless, the chroma-key method intro-
duces the problem of possible incorrect lighting on the fore-
ground objects.

Rotoscoping requires the user to draw an editable curve
around the foreground element, so it will be possible to iden-
tify and extract it. The limitation of this method is the need
for human help in every case. Moreover, sometimes the curve
should be adjusted during the video to be more accurate.

The optical flow technique is base on movements inside the

Figure 3: Left image: the image with the foreground and the back-
ground. Right image: background of the image.

video. It tracks the object’s motion between two or more con-
secutive frames. As a consequence, in the absence of move-
ment, it may be very ineffective. Moreover, the technique is
not focused only on foreground movements but on all move-
ments in the scene. This will cause problems if there are many
motions of small objects in the background.

Difference matting: requires estimating the background
and using that info to separate the foreground and the back-
ground. The limitation of this method is that background es-
timation techniques are not perfect in many cases so that the
overall result will suffer.

This paper focuses on the difference matting method. What
if the background is given? In that case, the limitation of
the need to estimate the background will disappear. Figure
3 shows the input that is required in this case. Given both
the original image and the image with the background only,
it is possible to use the difference matting technique while
overcoming its main limitation.

The technique to deal with such a problem is called back-
ground subtraction. The most basic formula for background
subtraction is

xt(s) = 1 if d(Is,t, Bs) > τ (1)

where τ is a threshold, xt is the motion label field at time t, d
is the distance between Is,t, the colour of pixel s at time t, and
Bs, the background model colour of pixel s [7]. This base-
line technique works for simple images, like in Figure 3, but
fails for more complex or real-life scenes. In real-life scenes,
the light can have small changes in every frame, and objects
can appear in the background. Therefore, the colours will be
slightly different, not letting the baseline technique provide
accurate results. There is plenty of models, which build upon
the baseline method, which all have some advantages and dis-
advantages.

The temporal median filter takes n last frames and uses
their median value as the background model. This technique
concentrates on recognizing the motion and the shadows in a
video [6].

A mixture of Gaussians concentrates on modeling each
pixel as a mixture of Gaussians [12]. It is assumed that the
background has plenteous temporal changes. This method is
perfect for outdoor tracking.

In the setup of the project, where the background screen
is used to have good lighting on objects and a correct shin-
ing, there is no need to introduce background changes. More-
over, the shadows are not needed in background subtraction
for filming, and motion does not always happen. This paper



concentrates on solving the background subtraction problem
given the approximately static background.

3 Methodology and contribution
Given the image’s background, there are techniques for fore-
ground extraction, but some challenges may arise. First, this
chapter introduces the technique for separating foreground
and background. Further, it gives a solution in case the simple
technique does not give accurate results.

3.1 Foreground extraction technique
In filming, the separation of the foreground and the back-
ground is one of the main problems. Suppose the background
of the image or the video is given. In that case, the separa-
tion may be done with a per-pixel difference of two images:
the first image contains just the background, and the second
image contains both the actor and the background. The al-
gorithm for the presented method is implemented in Python
with the help of the OpenCV library [2].

The first step of image processing is the blurring phase.
Before taking the per-pixel difference, the images are blurred
using Gaussian blur [8] to compensate for possible small
changes introduced by light or small background move-
ments. The pixel values will be closer to the neighborhood
average, and small changes will not affect the scene. In
Python, Gaussian blur can be done using the OpenCV method
GaussianBlur.

Further, we calculate the image difference and the first ver-
sion of the mask. The per-pixel difference of the two images
is calculated and compared to the threshold. If the difference
is more significant than the threshold, the colour at that pixel
is evaluated to white, otherwise to black.

Moreover, small regions that should be removed may still
be in the mask. Therefore, the contour finding technique is
used: it detects the contours of all the elements remaining in
the mask. The border detection algorithm [13] is used to de-
tect the contours. OpenCV function findContours helps to
find those contours. If the regions’ area is smaller than the
threshold area, the region is removed from the mask. Assum-
ing the foreground element is big enough, this technique will
only leave the foreground object in the mask.

Furthermore, the same contour detecting technique is ap-
plied, but on the new mask where all the pixel values are
inverted pixels of the original mask. This step helps detect
tiny regions inside the foreground part of the image that were
wrongly removed. If the contour area is less than the small
threshold(currently 0.2% of the image area), the area remains
on the new mask.

Finally, the masks are combined. This way, the mask for
the image is created. After that, the original image is com-
pared to the mask, and only the pixels, where the mask is
white, are taken.

The method may fail if the difference between the fore-
ground and the background in the original image is less than
the threshold. For example, Figure 4 shows the result of ap-
plying the algorithm to a picture with a white bird on a snowy
background. As can be seen, there are too many gaps inside
the output image. Therefore, another method to solve such
exceptional cases is required.

Figure 4: Left image: the image with the background. Right im-
age image: the image with both the foreground and the background.
Bottom image: image with the difference of two images.

Figure 5: Pinhole camera simple image.

3.2 Background changes
To achieve acceptable results in the scenario where the back-
ground has the same colour as the foreground, the back-
ground colour should be slightly changed. If the snow be-
hind the bird in Figure 4 were closer to gray, the white bird
would be perfectly visible on that background. Therefore,
the chroma-keying method using a grayish background is re-
quired. Nevertheless, the screen area should be minimized
to lower the effect of the wrong colour on the lighting of the
foreground object.

Pinhole camera theory
To minimize the required background area, the pinhole cam-
era model is used. Consider the pinhole to be the camera cen-
ter. The pinhole camera model has two clipping planes: the
near clipping plane and the far clipping plane. The objects
that are closer to the camera center than the near clipping
plane and the objects that are further than the far clipping
plane are not visible in the camera. We assume in this paper
that the far clipping plane is the projected background screen
and the near clipping plane is the image plane. Furthermore,
every real camera has its angle of view, which corresponds to
the visible area in the camera [11].

Figure 5 shows the example of the pinhole camera model.



Figure 6: 3D version of the pinhole camera.

The angle of view of the camera is α, so half-angle is
α

2
. The

green line is the near clipping plane, and the red line is the far
clipping plane. Given that the camera center is point A, the
point on the far clipping plane is point D, and given the angle
of view is α, it is possible to calculate points B and C of the
intersection of camera rays with the background screen. If

point A coordinates are
∣∣∣∣xy
∣∣∣∣ and point D coordinates are
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points B and C can be found using the equations
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where x-d is the horizontal distance between point A and the
far clipping plane.

In 3D geometry, the virtual camera has four outgoing rays,
and one more parameter is necessary to calculate the intersec-
tion of those rays with the far clipping plane. The aspect ratio
of the camera is the proportion of its width to its height [10].
This ratio is also specific per camera.

In Figure 6, the aspect ratio is the relation
w

h
, where w is

the width, and h is the height. Point D is the point on the far
clipping plane. Taking aspect ratio into account, assuming the

coordinates of point A are
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are
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Figure 7: The bounding box.
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Obtaining these four points on the far clipping plain gives the
area visible from the camera. This is the area that the chroma-
key screen should cover.

Minimization based on human
In some cases, the amount of chroma-key area in the back-
ground can be minimized even more if the bounding box with
the foreground is given. Figure 7 shows the example where
the bounding box coordinates with the needed foreground are
given. The given image is the view that is visible from the
camera, so it is on the image plane, which we assume is equiv-
alent to the near clipping plane.

From the image, the info about its width and height can be
gathered, and these two values give the aspect ratio value.
The coordinates of the projected area on the background
screen are obtained using the bounding box coordinates. In
Figure 8, the blue rectangle is the image plane, and the dashed
blue rectangle is the bounding box. The green rectangle is the
full view from the camera of the background screen. The red
rectangle is calculated and filled in with the required colour,
using background screen coordinates, coordinates of the cam-
era, and the bounding box.

To obtain the required colour, the image’s dominant colour
with both the background and the foreground is calculated.
Further, it is increased or decreased by some fixed amount.
That guarantees that the foreground will not be of the same
colour as the background.

Minimization scheme implementation

def m i n i m i z a t i o n ( camera , p lane , ang le ,
image , bound ing box ) :

a s p e c t r a t i o = image . wid th / image . h e i g h t ;
p o i n t s = f i n d p o i n t s ( camera , p lane , ang le ,
a s p e c t r a t i o )



Figure 8: Required chroma-key area.

c o l o u r = dominant c o l o u r o f image
f a c t o r = 15
f o r e v e r y p i x e l :
i f p i x e l V a l u e + 2 * f a c t o r > 255 :
c o l o u r = c o l o u r − f a c t o r
e l s e :
c o l o u r = c o l o u r + f a c t o r

box = c o n v e r t T o I m a g e P l a n e ( bounding box ,
im ag e p l an e , width , h e i g h t )
chroma key = chromaKeyPoin t s ( camera , p lane ,
box )

Listing 1: Find points ob background screen

The code that creates the background chroma-keying screen
is implemented in Python. Listing 1 shows the main parts of
the code. The method minimization is the primary method
of the program that calls all the other methods. As an input,
it takes the coordinates of the camera center, the point on the
background plane, the vertical angle of view of the camera,
and the given image with both the foreground and the back-
ground.

Moreover, suppose the user wants to minimize the screen
according to the human position from the camera view. In that
case, it can give the bounding box coordinates, which contain
the foreground object. If these coordinates are not given, the
method will minimize the background area according to the
view from the camera.

The first block calculates the coordinates within which the
area visible in the camera is encountered. Aspect ratio is cal-
culated from the images’ width and height, and the method
findPoints obtains the coordinates of the pointsB,C,E, F
from Figure 6 using the respective formulas.

The next block determines the colour that the background
needs to have. First, the colour that is most frequent in the
image is determined. Next, the margin is added to red, green,
and blue channels, so the colour becomes slightly different
from the original.

The final block relates to the method for determining
the chroma-key area if the bounding box is given. The

user should give the left-bottom and top-right points of the
bounding box in terms of the size of the image. Method
convertToImagePlane converts image coordinates to im-
age plane coordinates, using formula

P =

∣∣∣∣∣∣∣∣
xplane

yplaneLeft + wplane ·
ypoint
wbox

zplaneBottom + hplane ·
zpoint
hbox

∣∣∣∣∣∣∣∣
where xplane - x coordinate of image plane, yplaneLeft and
zplaneBottom - y and z coordinates of the bottom-left point of
the image plane, wplane and hplane - width and height of the
image plane, wbox and hbox - width and height the of bound-
ing box, and ypoint and ypoint are y and z coordinates of either
top-right or bottom-left point, depending on which point you
are calculating. The points correspond to the vertices of the
inner blue rectangle in Figure 8.

Method chromaKeyPoints finds the projection of co-
ordinates, found in the previous method, on the screen
plane. It uses the equations for calculating 3D coordi-
nates from the previous section but using a different an-
gle. The tangent of that angle is calculated with tan =
cameraCoordinate− boxCoordinate

focalLength
in both vertical and

horizontal directions.
Moreover, the code contains some drawing rays and plains

methods, but they do not influence the results and are created
just for visualization.

All these methods were combined to create a proper mat-
ting technique. Even though the difference matting method
is enough in most cases, there are cases where chroma-key
screen behind the actor is still necessary to extract the actor.
The following section shows the results that are obtained with
this combined technique.

4 Setup and results
This section presents the results of the matting technique that
is discussed in the paper. Two types of images are tested:
virtual images are created by combining on computer some
random background photo with random foreground object;
real-life images are created by a real camera with a screen as
a background.

4.1 Virtual image creation
The virtual images are created using the simple background
image and the foreground object from some other photo. The
foreground element is created using a manual selection. Fig-
ure 9 shows the result of background subtraction using the
created technique. In this example, the difference method
works correctly, and there is no need for changing the back-
ground.

Returning to the example from Figure 4, it needs the back-
ground change. In Figure 10, you can see that the background
behind the bird was changed from white to gray. After that,
we put the bird back to the image and used the difference
matting method to obtain the bird. The result became much
better than it was before applying the new background.



Figure 9: Upper-left image: the image with the background. Upper-
right image: the image with both the foreground and the back-
ground. Bottom-left image: mask of the image. Bottom-right image:
image difference.

Figure 10: Upper-left image: the image with the background.
Upper-right image: the image with both the foreground and the
background. Bottom-left image: mask of the image. Bottom-right
image: image difference.

Figure 11: Upper-left image: the image with the background.
Upper-right image: the image with both the foreground and the
background. Bottom-left image: image difference with baseline ap-
proach. Bottom-right: image difference with created technique.

Figure 12: Upper-left image: the image with the background.
Upper-right image: the image with both the foreground and the
background. Bottom image: image difference with created tech-
nique.

4.2 Real-life setup
For the real-life image, the following setup has been used:
Samsung Galaxy S9 camera with angle = 77◦, camera aspect
ratio = 16/9, camera coordinates = (0, 0, 0.89), screen plane
point = (1.02, 0, 0.89). All the coordinates were measured
with tape and are in meters. Figure 11 shows the result of ap-
plying the technique on the foreground object with the back-
ground screen. As can be seen, the baseline solution did not
give any acceptable results, deleting only a small amount of
pixels. The improved technique performs much better, giving
only the foreground object.

A small change to setup was made to check the second part
of the pipeline: the new camera coordinates are (0, 0, 1.1),
and the new screen point is (0.52, 0, 1.1). As a foreground,
we have chosen the notepad with an image of the same colour
as the background, see Figure 12.

As can be seen, the method cannot correctly detect the fore-
ground object because the colours in the foreground are al-
most identical to the colours in the background. Therefore,
we pass on to the background changing technique.

For the image of size 1008 * 567, we take a bounding box
with lower-left point = (302, 0) and upper-right point = (1008,
380). Using formulas for calculating intersections of camera



Figure 13: Upper-left image: the new background. Upper-right im-
age: the new background with the object. Bottom-left image: plot
of the area required. Bottom-right: result with chroma-key.

rays with the screen plane, we obtain the points on the screen
plane: lower-left point = (0.52, 0.29, 0.686) and upper-right
point = (0.52, 0.73, 1.24). Further, we cover the region en-
closed by those points with a chroma-key of another colour.
Figure 13 shows the new background together with the final
matting result. Compared to the image-difference method,
the result is much better: the foreground object is entirely in
the image, and the hand does not have any artifacts.

Overall, 20 images were analyzed with the given method.
We considered the following measure to quantify the results:
we manually cut the foreground from all the images. After
that, we calculated the number of pixels that differ between
that ground truth and the result, calculated by the algorithm.
As the measure, we took the percentage of that difference
to the total number of pixels in the image. Moreover, we
calculated that percentage for the baseline technique.

Out of those 20, 14 gave almost perfect results with the av-
erage percentage difference equal to 0.73%, while the base-
line method gave the difference of 14.4%. Three images had
some extra pixels or were missing some significant number
of pixels; the average percentage difference was 2.03% us-
ing the developed technique and 27.5% using the baseline
method. The last three images failed to detect the foreground
object or remove a sufficient amount of background pixels.
Their percentage difference was 10.09%. All of them had
similar colours in the foreground and the background. Nev-
ertheless, these 3 cases were fixed with the changed back-
ground, resulting in a 1.24% difference.

4.3 Limitations
Even though the created technique shows promising results
and improves upon the baseline method, it has some disad-
vantages discussed in this subsection.

At the moment, the algorithm is highly dependent on a suit-
able threshold value. One of the steps of the algorithm is to
pick the pixels where the difference between the original im-
age and the background image is more than the threshold.
This threshold highly influences the results. For example,
in Figure 10, the threshold value is equal to 1, whereas, for
the image in Figure 11, the threshold is equal to 32. There
is no universally good threshold for all the images, and the
algorithm to determine the best for any single example was

not implemented. The possibility to change the threshold is
passed to the user, with the default value set to 12.

There is a border around the foreground object at almost
every result image, especially for virtually created images.
The algorithm detects these borders to be of different colours
in original and background images. However, in the film-
making setup, it is assumed that the background used has the
same colours as the background in the final version of the
film. Therefore, having the one-pixel borderline should not
be visible when the extracted image is inserted into the final
film version.

Orthogonality assumption is another limitation. The cam-
era plane and screen plane should be orthogonal to the same
line for the minimization scheme to work. This is the strong
assumption, which does not let to use the method for the situ-
ations where the camera does not look straight on the screen
plane.

5 Responsible Research
For the results to be meaning full, they should be reproducible
by anyone interested in the work. To reproduce the part with
virtually created images, you need to combine two photos
into one, which can be done in Photoshop. Further, the real-
life setup can be easily reproduced. For that, you only need a
camera with the know FOV and aspect ratio and a background
screen. Putting the camera in some position and measuring
the distance to the screen is trivial. The camera should remain
static, so the foreground and the background images do not
differ too much. You can make the shot for the background
image with that info and then make the image with the fore-
ground object in it. If the background solid colour screen is
required, you will have to find something of the same colour
as the one determined by the program.

The code to observe the algorithms is available on
Gitlab: https://gitlab.ewi.tudelft.nl/cse3000/2020-2021/rp-
group-60/rp-group-60-alexsimonov. We created all the re-
sults using this code. To obtain the best results for different
images, you might want to change the threshold parameter
cause the algorithm is highly dependent on it. Increasing that
parameter will decrease the amount of non-black pixels in the
result images. Decreasing the threshold will return some parts
to the image.

The ethical component should not be forgotten. Therefore,
possible malicious use of the application is considered. The
proposed technique can be used to create fake images or fake
videos. For example, the malicious user can find the video
containing some person, extract the person from the video,
and use this extracted part to create a fake video. This process
will undoubtedly harm the one present in the video.

6 Conclusions and Future Work
Matting the scene is essential in image processing and finding
a different approach for situations can improve the resulting
quality. This paper presented the research on two different
ways of matting: matting with the known background and
minimizing the required background solid colour screen if
matting with the known background fails.



Researching difference matting technique led to the back-
ground subtraction base technique, with some existing solu-
tions. Further, using different image processing techniques,
such as blurring and contour finding, helped improve base-
line technique results. Even though the method worked in
most cases, some images caused it to fail. Nevertheless, with
the knowledge from pinhole camera theory, the method for
minimizing the background solid colour screen was created.
After applying this method to the failed cases, all of those
cases succeeded. Therefore, this combined technique solves
the central question of the report.

Nevertheless, there is always a place for improvement.
Further research can combine existing background subtrac-
tion methods with some parts of the solution proposed in this
paper, leading to further improvements of results. Moreover,
a more human-friendly environment for using the method
may be created. It was out of the scope of this research
but can still improve the usability of the method. Finally,
some techniques for threshold value optimization or domi-
nant colour findings might be added to the current solution.
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