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Application Area

Most professional card games analyses are
not automated

Our system

e Images cards as they are dealt

e Provides aweb interface to visualize
hands
e Doesnotrequire card deck preparation

Application

e Commentators/Analysts
e [Vspectators
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Complete Solution

Final demo will simulate multiple rounds of a card game
e One individual will withdraw and deal cards from the card shoe
e Computer visualizes captured image and timing statistics
e Web app will showcase classification result and allow user input to change
game state
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System Specification
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Web App - Blackjack
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Design Requirements

Requirements

Desired Results Actual Results

Classification Accuracy
Classification Latency
Battery Life
Sufficient Memory

False Triggers

= 98% Test Accuracy: 98.1%

Average: 0.18s

< 2s for web app to update Maximum: 0.22s
> 2 hours In testing

Classify entire card deck in < Classified entire card deck in
104 seconds 54 seconds

0 False Triggers In testing



Design Tradeoffs

e Image colorspace
e IR Reflectance vs. ‘Beam-Break’ Trigger

e \Web Application Framework
o  Flask vs. Django

e Database
o MongoDB vs SQL
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Design Tradeoff: Trigger Design
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Failure case for initial trigger
implementation
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>=0.5s Value < Low Threshold

' Ready
@

Value > High Threshold

Updated finite state machine to eliminate double
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Testing Strategy

e Subsystem Testing

o Image Classification: Image 4 Bicycle Standard card decks over multiple days (split into
training, validation, and testing datasets)

o Hardware: Manually draw cards from shoe and note any false/failed triggers

o Web Application: Measure latency between RESTful APl request and web app update

e Full System Testing
o Deal new, unopened Bicycle card deck for at least 2 hours

o Record ground-truth labels of cards, watch web display for false triggers, and measure
latency between trigger and web display update



Image Classification

e Model selection

e Single network predicts rank
and suit probabilities

e | training set | = 1906
| validation set | = 272
| testing set | = 546

e Training set includes random
crops

e 98.1% test accuracy

Example classifier input
(ground truth: 6 of clubs)
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Determine camers geometricopicalislectrical requirements

Determine lighting requirements.

Firafizn and purchiase Gamers evahuabion board and LED options

Configure camesa drivers

Test camera geametry, resokion, and blurting while moving playing cards

Research lens distortion comecton

Protatype lighting =etep. Determine § moktidluminant lighting is neccessary

Creale card sagmentation
Implement comer & edge deteciors o crop card's rark and sut
Build and test camera and light beneath shoe with ey

Otrian datazet for rechine lerning ranng

Implement dassfication with Sid and updaie imaging sysiem if neaded

Verdy final housing produces images of smilar quality and lighting

Stack time

Develop static web 3pp components

Set up MongoDB duster and comnect web app with duster

Make web pages dynsmicfinieractive to HTTP requests

Mgrate web app from local machine o AWS

Test RESThS API requests from Jetson Nano and optimize ketency if needed

Research OpenCV, tensorfiow, PyTarch, and other ML aigorithme: for low latency and suficen

1 accuracy

Add logic to web app to visuskze addoral cxrd games ([Blackiack and Wer)

Write code o implernent SVMs with Sckit-leam

Coliect §r=t trainingvalidation/insting dataset and rain SVMs

Mt we s Ul mores infuithve and robust for moe: compiete user cxpesionce

Write code to implernent neural networks with PyTardh

Add suthenticion and error handiing to web app to preserve nformation integety

Obtain complels datase for machine leaming training with Jerermy

Trasin complete datrset with SVMs and fully cormecied newral networks:

Train comvolutionss neurs network (if necessary)

Train and analyze ML models with varying hyperparameters

Staack time

SBC Selection + Baard Stip Tene

Carmesa Module Selection

Prepore design presentsion

Prepore design review report

Propore firsd son, vide, and report




