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Computer vision is a fast expanding discipline that focuses on analyzing, altering, and comprehending images at a high level. Its goal
is to figure out what’s going on in front of a camera and use that knowledge to manage a computer or robotic system, or to show
people new visuals that are more instructive or attractive than the original camera photos. Video surveillance, biometrics, automotive,
photography, movie production, Web search, medicine, augmented reality gaming, new user interfaces, and many other applications
are all possible with computer vision technologies. The purpose of this paper is to describe how computer vision will be used to play a

winning game of blackjack.
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1 INTRODUCTION

Wouldn’t it be very convenient to use your phone while playing Blackjack online and instantly know whether to Hit,
Stand, or Double? Wouldn'’t it also be convenient to use your phone during a Chess game and instantly know what your
best move is? You could use the internet or simulations to help yourself in these situations. However, what if we could
use our smartphone camera and have it detect the best next move for either Chess or Blackjack. That would be a more
optimal solution and it is possible using OpenCV. OpenCV (Open Source Computer Vision Library) is a computer vision
and machine learning software library built to give a structure for computer vision applications [8]. We can use this
library to detect and recognize faces, identify objects, classify human actions in videos, track camera movements, track
moving objects, extract 3D models of objects, produce 3D point clouds from stereo cameras, stitch images together to
produce a high resolution image of an entire scene, find similar images from an image database, remove red eyes from

images taken using flash, follow eye movements and recognize scenery... OpenCV has provided many API and was
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made compatible with mostly every device. It has C++, Python, Java, and MATLAB interfaces and supports Windows,
Linux, Android and Mac OS.

Accurately identifying objects opens the door for many possibilities for a computer program, and developers can use
this technology to work on projects of interest to them. A shared interest of this group of programmers is an interest
in card games. From poker classes to family game nights, there is a background in cards and an appreciation for the
impact that a card game can have on strengthening relationships. For this reason, the general objective of this project is
to develop a program that can assist in card game playing and learning[14].

For any project of a significant size such as this, it is necessary to break it into smaller chunks of work to be done.
A basic flowchart of our project’s goals is shown below in Chart I. This outlines the order of the steps that must be
completed in order to complete the project. Table I provides specific information about each objective. As with any
software project, the development team must be agile and quickly adapt to changing demands and goals, so these
objectives are structured as general guidelines that are subject to change. However, these objectives provide a good

outline for what the project will entail [18].

2 RELATED WORK

OpenCV began as a research project at Intel in 1998 and has been publicly available since 2000 [1]. It provides
programmers with tools to use computer vision to develop further programs. These tools are a “mix of low-level
image-processing functions and high-level algorithms such as face detection, pedestrian detection, feature matching,
and tracking”[27] Using these basic tools, programmers can expand and develop their own code to complete tasks that
are of specific interest to them.

Currently there are a few different methods that OpenCV can use for object recognition. These include but are not
limited to: template matching, color-based matching and shape-based recognition [3]. Template matching is the most
basic strategy, and employs already known templates of objects and compares them with objects seen by OpenCV[13].
Color-based matching is also a fairly simple method; it uses colors on the RGB scale to allow a program to identify an
object based on color criteria. Shape-based recognition goes hand in hand with template matching, and uses known
shapes for comparison to identify an object in question. Recognition is also broken down into the type of image
a program is identifying. Active recognition refers to a program detecting an object in a live image, while passive
recognition means that the program is assessing objects in a still image [11].

One such project using Computer Vision (referred to as CV) was a project conducted in 2013 on traffic sign recognition
[12]. A group of graduate students aimed to use CV to detect and analyze a road sign from a camera located in a moving
vehicle. Software such as this has been implemented for speed limit signs in particular in high-end vehicles as early as
2009, [12] but had not been refined to account for all sorts of traffic signs, variable weather conditions, lighting, and
other challenges. The strategy for recognition used for this project was most likely very similar to a card identifying
project; there are a finite number of traffic signs that the software could “match” an identified traffic sign to, just as
there are a finite number of cards that can be matched. This project likely had the additional challenge of tracking a
road sign in a moving vehicle, which may impair the clarity of the picture that the camera is able to capture. This is just
one example of a computer vision based project that has been explored.

One group of developers used computer vision to identify playing cards on a table for a poker game. They were able
to identify the cards and count chips on a table with up to 94 percent accuracy [22]. The group outlined a series of steps
in their work. First, they needed to “extract” the card from the playing surface. This was done by the contrast of the

playing card to the table that it rested on. Additionally, they did work on identifying chips using a similar strategy of
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color based recognition. Next, the group used “template matching” to identify the cards. Since a deck of playing cards
has a finite number of possibilities, the program can use the known possibilities to identify the card that it sees. This
project ended at this level however, leaving much room for future work to be done on the topic in terms of developing
algorithms for specific card games[30].

Advancements in Computer Vision have led the way for further development of artificial intelligence and machine
learning technology. CV bridges the gap between code and reality, allowing programs to have “human-like recognition
ability”[31] Just as Machine Learning is the latest buzzword and next big thing in the software world, CV is the next big
step for Machine Learning. In the previously cited article, researchers outlined how the medical field can implement CV
to allow machine learning programs to help with surgery. In reference to the benefit that CV provided to the project,
they state: “Without sight, AT was operating blindly, and its procedural understanding was inflexible and limited”’[31]
Effective CV can drastically improve machine learning programs, and allow them to not only learn much quicker but to
be used in greater applications as well. This sets the limits of what CV can do for artificial intelligence extremely high;
there are many possibilities that have yet to be discovered.

Guennouni et al in [15] give an overview of the cascade object identification technique and how the cascade classifier
uses Haar-Like feature selection. The paper then presents the results of a performance comparison between a normal
platform and an embedded device using an OpenCV-based solution for multiple object detection.

Jalled et all in [17] use this paper to create an OpenCV-Python program that uses the Haar Cascade technique to
detect objects and faces. Unmanned Ariel vehicles (UAV) are now utilized to detect and attack infiltrating ground targets.
The fundamental disadvantage of this sort of UAV is that the item is not always accurately detected, resulting in the
object colliding with the UAV. The project’s goal is to prevent UAV collisions and damage. The Voila-jones algorithm is
used in UAV surveillance to recognize and track individuals. The train function is used to train the algorithm, which
uses the cascade object detector function and vision. The key benefit of this code is that it takes less time to process.
The Python code was tested using a video and image database, and the results were verified.

Druzhkov et al in [10] consider the object detection issue, which is one of the most hotly debated subjects in
computer vision right now. The issue can be summarized as follows: "where the instances of a specific object class
are in the image?" The main goal of this paper was to create a high-performance, open-source implementation of
two state-of-the-art object recognition and general machine learning algorithms: discriminatively trained component
based models and gradient boosting trees, respectively. Real-world applications were used to test the accuracy of
the implemented algorithms. One of the most prominent open source computer vision libraries has incorporated the
implementation.

Chandan et al in [7] demonstrate how the SSD algorithm detects objects in real-time circumstances. They present a
real-time study of the ecosystem that may help any business achieve exceptional results by enabling security, order, and
utility. They then show how the model may be used in CCTVs, drones, and other surveillance equipment to identify
attacks in settings where guns are prohibited, such as schools, government offices, and hospitals.

Saxena et al in [28] address the use of a Haar-cascade classifier. The case study of a face detection and item detection,
such as watch detection and pen detection, is the major topic of this paper. The designed system’s purpose is to make
life easier and more convenient and enhance the mundane aspects of our life It is an effort to build one’s own Haar
classifier using OpenCV.

Jakubovic et al in [16] use brute-force matchers to solve a challenge of feature matching and object recognition

in two photos. For feature recognition and descriptor extraction, the suggested system included many concurrent
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algorithms, including ORB (Oriented FAST and Rotated BRIEF), BRISK (Binary Robust Invariant Scalable Keypoints),
SIFT (Scale Invariant Feature Transform), and SURF (Scale Invariant Feature Transform) (Speeded-Up Robust Features).

Markus et al in [21] provide a method for detecting visual objects that is based on an ensemble of optimal decision
trees grouped in a cascade of rejectors. The trees employ pixel intensity comparisons in their internal nodes, allowing
them to analyse picture areas quickly. A face detection issue is used for experimental analysis. The findings obtained
are encouraging and show that the procedure has practical relevance. They also examine its noise sensitivity and
demonstrate how to accomplish quick rotation invariant object recognition.

Ditrih et al in [9] present an approach for continuous finding and recognition of cards from the game Set using
computer vision technologies. Their approach of detecting cards in photographs is divided into three stages: fragmenting
cards from the picture, separating highlights from card pictures using level and vertical lines, and card inclusion order
with the use of a vector machine. To provide consistent treatment, a small number of highlights are deleted from a
small selection of pixels.

Mehmood et al in [23] intend to direct execution exploration of deep learning based calculation, for example,
single shot locator (SSD), in IoT based implanted gadgets for intelligent home apparatuses control. We have created a
clever home computerization framework based on object discovery calculation in light of model view regulator (MVC)
engineering sent on Cloud of Things (CoT) such as Amazon Web Service (AWS) cloud for customers to review their
houses from a distance. For communication with connected IoT devices, the Message lining telemetry transport (MQTT)
protocol is used. We introduced the concept of a circulating intermediary to assist a large number of distributers and
endorsers in load-adjusting.

Sharma et al in [29] addressed topics ranging from how artificial awareness and Al computations aid in object recog-
nition to how OpenCV is a very useful tool for newcomers who want to find out how continuous article differentiating
proof and following should be achievable. It also demonstrates the flexibility of a global positioning framework to a
moving camera, which is suitable for vehicle safety applications. Image distinguishing proof employs techniques such as
article placement, acknowledgement, and division. The use of artificial consciousness and Al accelerates the processing
of information while maintaining the standard of the outcome. As an example, by applying artificial intelligence, we
can surely do difficult tasks.

Culjak et al in [8] show and quickly make a reader familiar with the guts and bolts of OpenCV (Open Source PC
Vision) without going through the large instructional guides and books. OpenCV is an open source toolkit for image
and video analysis that was first presented by Intel more than a decade ago. Since then, a number of developers have

contributed to the most recent library enhancements.

3 EXPERIMENTAL SETUP

Today, computer vision is widely used everywhere, “both in academia and industry”[24]. It can reach consumers in
many contexts via webcams, camera phones, or even gaming sensors. It also is one of many recent technological
advances that have helped to pave the way forward for fully autonomous vehicles. In our project, we are trying to
develop a program that can identify game cards and help playing and learning. OpenCV Python can help us explore
solutions to these requirements in a high-level language. We are also looking forward to developing an environment
that links Python, OpenCV, depth camera libraries (OpenNI, SensorKinect), and general-purpose scientific libraries
(NumPy, SciPy). The main card game that we are trying to implement our program on is BlackJack.

Blackjack is played with a standard deck of 52 cards. Every card has a value equal to its number, with face cards

worth 10 and Aces can be worth 1 or 11. The goal is to get the sum of your cards as close to 21 as possible without going
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over. Players are dealt two cards initially, and the dealer is dealt two cards. The player’s cards are both visible. One of
the dealer’s cards is visible, and one is hidden. The player must decide to hit, stand, or double down. If the player hits,
they are dealt another card. If the sum of their cards ever goes above 21, the player is bust and loses the game. If the
player stands, it is then the dealer’s turn. The dealer reveals their hidden card, and will take hits until the dealer’s hand
is 17 or greater. The dealer always hits if their total is below 17, and always stays if their total is 17 and up. If the dealer
goes above 21, the player wins. Also, whoever has the hand closest to 21 without going over is the winner. The rule for
doubling down is as follows: Players are allowed to double down only on their first turn, and only if their first two
cards are summing to 9, 10 or 11. If a player doubles down on their first turn, their wager is doubled, and they receive
a hit card. Play then resumes as normal. It would be extremely difficult, in the short time we have, to implement an
algorithm that counts cards and is the most likely to win. Consequently, instead we are going to implement a strategy
called “Basic Strategy” that consists basically of playing like the dealer, with occasional changes and doubling down
depending on the situation. The details of the basic strategy are shown in Figure 1[2].

The “basic strategy” is separated based on whether or not the player’s hand is “hard” or “soft”. A “soft” hand is a hand
that is using the Ace as an 11. So for example, an Ace + 6 is a “soft” 17 hand. The strategies of play become different if a
player’s hand is “hard” or “soft”. For this project, we will not need to make this distinction, we consider all totals to be
“hard” totals[4].

HARD TOTALS

DEALER UPCARD

ol
I(nlwnlMn n|ln|n
ITnjwnn n|wv|lw
mwinwunin nin|s
niunwmnunnon
nwinwuwn wnuin o
I|IT|T|IT|T|jol
I |(IT|XT|T|X "]
I T|T|IT|T|n|©
I IT|T|IT|T|wn|>

H Hit
KEY 5 Stand
Double if allowed, otherwise hit

Fig. 1. Blackjack Basic Strategy for Hard Totals (https://www.blackjackapprenticeship.com/blackjack-strategy-charts/).

Now, in order to be able to implement this strategy we need our computer to be able to identify the cards. An existing
technique, mentioned in the Literature Review, that can help us identify which of the 52 cards are we looking at is
“template matching”[6]. Template Matching is a method for identifying a template image in a larger image and OpenCV
already has a function that serves this purpose. The way OpenCV allows this function is by simply sliding the template
image over the input image and comparing them. Several comparison methods are implemented in OpenCV([5].

We need two primary components:

e Source image (I): The image in which we expect to find a match to the template image
e Template image (T): The image which will be compared to the source image
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Our goal is to detect the highest matching area. To identify the matching area, we have to compare the template
image against the source image by sliding it. By sliding, we mean moving the patch one pixel at a time. At each location,
a standard is calculated so it represents how "good" or "bad" the match at that location is. For each location of T over I,
you store the standard value in a result matrix R. We are to use the OpenCV function matchTemplate() to search for
matches between an image and an input image. It implements template matching in the function matchTemplate(). The

available methods are 6 shown in figure 2 below[26].

1. method=TM_SQDIFF
R(z,y) = Y (T(=,y) - [+ y+y))*
'y
2. method=TM_SQDIFF_NORMED

YoM y) = Iz +2',y+4))
VEry T@ Y)Yy I+ 2y +y)?

R(z,y) =

3. method=TM_CCORR
Riz,y) = YT, y) - I+ 2y + ¥)
2"y'
4. method=TM_CCORR_NORMED
T, T y) T+ 2y +y)

Riz,y) = —= Ad ‘
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R(z,y) =Y (T'(a",¢) I'z + ', y+y))
2y
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T'(ay') = T(@',y) - 1/(w-h) - 3. T(2",y")
F+a,y+y)=Ie+z,y+y) —1/(w-h) -3, [+ y+y")
6. method=TM_CCOEFF_NORMED
Yoy(T'@ ) -I'@+ay+y))
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Fig. 2. The matching methods available in OpenCV (https://medium.com/analytics-vidhya/opencv-object-detection-using-template-
matching-methods-63ac15d74742).

The procedure followed while coding will be as follows:

o Declare some global variables, such as the image, template and result matrices, as well as the match method.

e Load the source image and template

Perform the template matching operation.

Normalize the results

Localize the minimum and maximum values in the result matrix R by using minMaxLoc() function.

For the first two methods in Figure 2, the best matches are the lowest values. For all the others, higher values

represent better matches.

Display the source image and the result matrix.

Determine whether there is a match between the two compared images.
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4 FRAMEWORK

At it’s core level, our program takes an input of a real world environment, turns this into data, and outputs information
to the user. Using the OpenCV library [1], the program can view the real world environment through a camera and can
manipulate what it finds to compute data to be useful to the user. A visualization of the actions the program performs is

shown in Fig. 3.

A. Input frame B. Isolate and D. Perform
. I E. Output
from real detect each C. Identify algorithmic . -
. information to
world card from the each card functions on
. the user
environment background detected cards

Fig. 3. Visual depiction of program flow.

A. Input frame from real world environment

This is the raw input that the program takes. This will be a frame that comes from the video feed that the user will
define once the desired cards are focused in the frame. The program will allow the user to move the camera and focus
the desired cards, and wait for a user "button press” to evaluate the desired frame. At this point, the program only sees
exactly what the camera sees.

B. Isolate and detect each card from the background

Once the user has sent the program the desired frame to evaluate, the program will begin to decipher what it is
given in the image. The first step the program takes is to isolate each card from the background noise in the frame. The
program does this by color detection on the HLS (Hue, Lightness, Saturation) scale. It isolates the color white on the
frame, assuming that the cards will be white. Then, the program identifies the borders of the detected white space to
create shapes of every border it detects. Using the information from these borders, then program then runs a series of
tests to determine whether the border detected is a card or not. These checks are based around the shape, area, and
length of the sides of the detected shape. The program then creates new images of only each individual card detected
and stores them into an array.

C. Identify each card

The next step in the program is to identify and categorize each card that is detected. This is done using the strategy of
template matching. (citation here) Template matching is an computer vision strategy that identifies things that are seen
by the computer by comparing them to already known images that are already given to the program. In this programs
case, the program has every card already loaded in as a reference. For every card that is detected, the program will
compare with the existing images in it’s database to determine the best match.

OpenCV template matching works by individually matching each pixel on one image to the other. The code will
then provide a number of how well the imported image matches with each one of the cards in the programs database.
Then, it takes the highest number as the best match.

D. Perform algorithmic functions of detected cards

The algorithm written in this program is specific to Blackjack. Once the user has scanned both the players cards and
the dealers cards, this information is sent to the algorithm to determine what the users smartest move is. The inputs for
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the algorithm are the players two cards and the dealers one visible card. The output is the players action in string form.
The algorithm is written based off of mathematically determined Blackjack odds, which are shown in Fig. 1.

E. Output information to the user

After the algorithm determines what the user should do, the program will display this information to the user on the
screen. For Blackjack, the two options that a player has is to "Hit" or "Stand." There is a special case where the user can
double down when they are dealt two cards of the same value. In this case, the program will treat both of the players

hands as if they were separate hands and perform all of the previously mentioned steps again.

5 METHODS

When it comes to taking data, we focused only on the accuracy of the identification of cards. Our algorithm for move
feedback is independent of this identification and relies solely on logic, so we did not feel it needed to be included. With
this in mind, our strategy for taking data was to go through every card and test the accuracy of our program. We had
every card placed in approximately the same location with similar lighting to try and simulate more consistency. The
particular variables we measured were the accuracy of the suit recognition as well as the card value recognition. The
percentage of successes has been displayed in Fig. 4.

There are a few main causes of failed identifications which we noticed while testing. The lesser of these issues was
poor lighting. Our identification methods implement the RGB scale to isolate a range of colors representing white
which then allows for recognition of a card object. However, if the lighting is too dark, then the shaded part of the
card will not be recognized and cause issues. If the lighting is too bright, then the card will have glares when trying to
compare to the baseline images which leads to poor comparisons.

Additionally, cards with less detail struggled to identify correctly. If this was the only problem to occur in a trial,
while the card as a whole did not get identified correctly a majority of the time, the suit still tended to be correctly
identified. This is because our program takes in the cards from the camera feed, isolates them, and for each looks for
comparisons to the baseline images. However, for cards with less detail like a two of hearts, the heart will be a major
identifier for that card and will be found many more times in a card such as the ten of hearts. This in turn will lead
to higher matches even though it is with the wrong card. This is an bug we are still not positive how to reduce the
occurrence of.

Lastly, an issue we have had is with our camera gaining proper focus on the cards. When the focus is good, the cards
identify correctly a majority of the time, even with the previous two issues occurring. This is because the poor focus
leads to a blurred image and so the value portion of the card is more easily mistaken by our program. Also, if the focus

is poor, then the suits also had a lower rate of success.

6 RESULTS

The idea of object recognition is one which has been explored and expanded upon already in many ways as mentioned
in the Literature Review section. Our project on object recognition, particularly the recognition of playing cards, is
one which can be further developed into applications to help teach people card games while providing the numbers
behind the logic. Applications similar to this already exist in a 2 dimensional world on a computer screen, but it has
yet to make the jump to 3 dimensional space. This is the way that our idea differs from these current programs. We
will expand them from a 2 dimensional computer application and implement them in a 3 dimensional scenario. This
means that people in real world situations could utilize the application to complete the same task as the 2 dimensional

computer program allowing for immediate feedback, but through offline means. Some may then think that there are
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Fig. 4. Results from card identification

already physical objects which require no online service which can advise you throughout different card games such as
a chart with all the possible blackjack combinations, telling you what the best play is in any given scenario. This is also
true. However, why have an extra object to worry about keeping track of when you could just have a phone application
which weighs nothing and is part of an object you would have with you anyways? Additionally, this program eventually
could have the ability to implement many various algorithms to work for different games whereas a physical object
tends to be for just one game and only works for games with limited possibilities. Games like Texas Hold’Em have too
many hand possibilities to fit onto one card or physical object, especially when taking into account the community

cards. In this way, a flexible application is more useful than any physical object or online program.

7 FUTURE WORK

The work done in this project really highlights the vast potential for computer vision and OpenCV. Specifically, it
shows how computer vision could be used for various applications with card games. Once solid code is developed
to identify a playing card, any game imaginable can be written into code to help aid or even teach card games. For
example, this project shows that the card game algorithm written specifically for Blackjack is correct 100 percent of the
time when the playing cards are identified correctly. This goes to show that any other game logic can be written into an
algorithm that will also be correct 100 percent of the time. Therefore, the only work that needs to be done to improve
an application of this kind is on the computer vision side to improve the accuracy of identifying cards. The research and
data collected in this experiment shows that even with low budget equipment under variable light conditions, OpenCV
can be used to identify the suits of cards with up to 80 percent accuracy, and identify the number of the card correctly
over 50 percent of the time. While this may seem low, further checks can be implemented to improve the code to get it
closer to the 100 percent accuracy mark[32].

Developing algorithms for specific card games only requires knowledge of the card game and research on the rules
of the game. In this instance, we used well known and mathematically determined Blackjack odds for determining what
the user’s correct move should be (see Fig. 1). This information was obtained by research online. While luck obviously
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plays a part in the real world playing of card games, every card game has similar information available, as it it’s core
card games are all based on mathematical odds[25].
Computer vision has much room for improvement, and as the field progresses more and more methods will become

available that can be used to more accurately identify cards[19].

8 DISCUSSION

In addition to the ideas we hope to implement into our program with recognizing playing cards based on their rank and
suit, there are a few more ideas which we will not be able to implement, but believe could be achieved with more time
and through a similar strategy.

One of these additional ideas was that we thought about utilizing the object recognition from an aerial view in
an outdoor parking lot to maintain count of available spots and even provide the location of these spots so someone
entering the lot could be given accurate locations as to where they can park and directions to get there (if it’s a large lot).
This could be implemented in a few ways, either by identifying vehicles and keeping track of their locations relative to
the parking spaces or by identifying the parking spaces and tracking whenever something is obstructing the spot. An
issue with the latter would be if say an animal or piece of garbage were sensed and then an open spot would be marked
as occupied. Thus, the first implementation would seem the better choice, but that would also bring different problems.
There are many different vehicle types from SUVs to trucks to motorcycles which all utilize the same parking spaces. So
this program would have to be able to recognize all of them which seems a strenuous task on its own.

Another example of potential use would be in poker. Typically in high level poker tournaments which are televised,
the cards of each player are known to the commentators and viewers. This is done by having the players place their
cards facedown on the table which contains cameras inside of it and then the information is told to someone who
inserts the data into the required system to have it show up on the tv screen. With our program, the cards could be
automatically recognized and the correct information input directly onto the screen without having to worry about any
middleman([20].

To expand even further with the poker and touch on a point made in the Intellectual Merit section, this project
could expand out to other card games as well. For poker, the algorithm would be difficult in terms of advice for future
moves. But if it simply is used for calculating odds, then this idea would work. All one would need is to scan their
own cards and then also the community cards as they are provided throughout each hand, and if the cards are being
correctly identified, then odds of potential hands could be quickly predicted. However, this in itself may not be entirely
useful as it is only giving you information on your own hand. If you also knew an opponent’s cards, say in an all in and
call scenario where you want to know what your outs are, then this program would be capable of providing that live
information for you.

Additionally, this type of program can expand from just playing cards to other types of cards, potentially containing
numbers and letters. It could help children to learn how to recognize numbers and letters with the addition of verbal
speaking being to the program. If someone could grab a random card and scan it and immediately get feedback as to

what is on the particular card, then this could help with learning at a young age.
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