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According to the real-time board photo taken (e.g. Test.png), and 

the previously known standard chess board(e.g. Ref.png), 

automatic positioning and output coordinates of all the pieces of 

both the red side and the black side.

Input: 2 pics

Output: 2 sets of coordinates

Demand of project

CHESS BOARD AND CHESS PIECES IDENTIFICATION



CHESS BOARD AND CHESS PIECES IDENTIFICATION

PROCESSING
STEPS
▸ Edge Detection

▸ Perspective Transformation

▸ Image Quality Optimize

▸ Line detection

▸ Position Chess Pieces

▸ Identify Pieces’ color

▸ Identify Pieces’ Character



STEP.1 EDGE DETECTION

Load Image

rgb2gray
Using
Sobel

Operator

Extract
X-axis

direction
Lines

Extract
Y-axis

direction
Lines

Superimpos
e

Two results

sobelKernelY = [ 1 2 1; 0 0 0; -1 -2 -1]

sobelKernelX = [-1 0 1; -2 0 2; -1 0 1]



STEP.1 EDGE DETECTION

Reference
chess board

Test input
chess board



STEP.2 PERSPECTIVE TRANSFORMATION

Auto-
locate
the 4

corners
of test
image



STEP.2 PERSPECTIVE TRANSFORMATION

Line Detection
Find the top 4
longest lines

Their
endpoints are
4 corners of

board
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STEP.2 PERSPECTIVE TRANSFORMATION

Auto-
locate the
4 corners

of test
image

Using 8
corners
from Ref
and Test
image as

fixed
points

Calculate
transform
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STEP.2 PERSPECTIVE TRANSFORMATION

𝑥′ 𝑦′ 𝑤′ = 𝑢 𝑣 𝑤

𝑎11 𝑎12 𝑎13
𝑎21 𝑎22 𝑎23
𝑎31 𝑎32 𝑎33

(𝑢, 𝑣) refers to the original coordinate, and

𝑥, 𝑦 refers to the transformed coordinate.

Where 𝑥 =
𝑥′

𝑤′
, 𝑦 =

𝑦′

𝑤′
.

We can split this transform matrix
𝑎11 𝑎12 𝑎13
𝑎21 𝑎22 𝑎23
𝑎31 𝑎32 𝑎33

into 4 parts:

𝑎11 𝑎12
𝑎21 𝑎22

denotes the linear transform,

e.g. scaling, shearing and rotation.



STEP.2 PERSPECTIVE TRANSFORMATION

𝑥′ 𝑦′ 𝑤′ = 𝑢 𝑣 𝑤

𝑎11 𝑎12 𝑎13
𝑎21 𝑎22 𝑎23
𝑎31 𝑎32 𝑎33

𝑎31 𝑎32 is applied for translation.
𝑎13 𝑎23 𝑇 is applied for affine transform.

Then we can obtain,

𝑥 =
𝑥′

𝑤′
=
𝑎11𝑢 + 𝑎21𝑣 + 𝑎31
𝑎13𝑢 + 𝑎23𝑣 + 𝑎33

𝑦 =
𝑦′

𝑤′
=
𝑎12𝑢 + 𝑎22𝑣 + 𝑎32
𝑎13𝑢 + 𝑎23𝑣 + 𝑎33

Also if we know the original and transformed

coordinates, it is easy to calculate the

transform matrix.



STEP.2 PERSPECTIVE TRANSFORMATION

Assuming the coordinates before and after 

the transformation like

𝐶𝑜𝑟𝑛𝑒𝑟𝑅𝑒𝑓𝑋1, 𝐶𝑜𝑟𝑛𝑒𝑟𝑅𝑒𝑓𝑌1
-> (𝐶𝑜𝑟𝑛𝑒𝑟𝑇𝑒𝑠𝑡𝑋1, 𝐶𝑜𝑟𝑛𝑒𝑟𝑇𝑒𝑠𝑡𝑌1)

⋯
𝐶𝑜𝑟𝑛𝑒𝑟𝑅𝑒𝑓𝑋4, 𝐶𝑜𝑟𝑛𝑒𝑟𝑅𝑒𝑓𝑌4

-> (𝐶𝑜𝑟𝑛𝑒𝑟𝑇𝑒𝑠𝑡𝑋4, 𝐶𝑜𝑟𝑛𝑒𝑟𝑇𝑒𝑠𝑡𝑌4)
According to transform formula, we have

𝑎31 = 𝑥1
𝑎11 + 𝑎31 − 𝑎13𝑥2 = 𝑥2

𝑎11 + 𝑎21 + 𝑎31 − 𝑎13𝑥3 − 𝑎23𝑥3 = 𝑥3
𝑎12 + 𝑎31 − 𝑎23𝑥4 = 𝑥4

⋯
𝑎22 + 𝑎32 − 𝑎23𝑦4 = 𝑦4



STEP.2 PERSPECTIVE TRANSFORMATION

Therefore,

𝑎11 = 𝑥2 − 𝑥1 + 𝑎12𝑥2 𝑎12 = 𝑦2 − 𝑦1 + 𝑎13𝑦2
𝑎21 = 𝑥4 − 𝑥1 + 𝑎12𝑥3 𝑎22 = 𝑦4 − 𝑦1 + 𝑎13𝑦3

𝑎31 = 𝑥0 𝑎32 = 𝑦0

𝑎12 =

∆𝑥1 ∆𝑥3
∆𝑦1 ∆𝑦3
∆𝑥1 ∆𝑥2
∆𝑦1 ∆𝑦2

𝑎13 =

∆𝑥3 ∆𝑥2
∆𝑦3 ∆𝑦2
∆𝑥1 ∆𝑥2
∆𝑦1 ∆𝑦2

Where,

∆𝑥1 = 𝑥2 − 𝑥3 ∆𝑥2 = 𝑥4 − 𝑥3 ∆𝑥3 = 𝑥1 − 𝑥2 + 𝑥3 − 𝑥4
∆𝑦1 = 𝑦2 − 𝑦3 ∆𝑦2 = 𝑦4 − 𝑦3 ∆𝑦3 = 𝑦1 − 𝑦2 + 𝑦3 − 𝑦4
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STEP.2 PERSPECTIVE TRANSFORMATION

𝑥′ 𝑦′ 𝑤′ = 𝑢 𝑣 𝑤

𝑎11 𝑎12 𝑎13
𝑎21 𝑎22 𝑎23
𝑎31 𝑎32 𝑎33

𝑥 =
𝑥′

𝑤′
, 𝑦 =

𝑦′

𝑤′
.
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STEP.3 IMAGE QUALITY OPTIMIZE

Bianryzation

Make it easy to identify dark zones and light zones

Median filtering

Remove noise Protect edge

Image Dilate

Make the edge of the image 
clearer

Prepare for line and circle
detection



STEP.3 IMAGE QUALITY OPTIMIZE

After optimizing

Before optimizing



STEP.4 LINE DETECTION

Detecting lines makes it possible to build a “Chess Board Coordinate”!

10x9 coordinateExtract linesOriginal



STEP.4 LINE DETECTION



STEP.5 POSITION CHESS PIECES

Find all circles Remove fake circles



STEP.6 IDENTIFY CHESS PIECES’ COLORS

Assuming center coordinate of
circle is (𝑥, 𝑦) and its radius is

𝑟.

𝑃𝑖𝑥𝑒𝑙𝑠 = ෍

𝑡=−
𝑟
2

𝑡=
𝑟
2

𝑃 𝑥,𝑦+𝑡

If 𝑃𝑖𝑥𝑒𝑙𝑠 > 𝑟 − 𝑝𝑖𝑥𝑒𝑙𝑠,
we consider this chess piece is

black.



STEP.7 IDENTIFY CHESS PIECES’ CHARACTERS

𝑌𝑖 =
𝑉𝑖

𝑊𝑖
𝑇𝑖

×
𝑋𝑖
𝑈

𝑇𝑖 − 𝑇𝑈𝑉𝑖
2 + 𝑈 − 𝑇𝑈𝑉𝑖

2 + 𝑉𝑖 − 𝑇𝑈𝑉𝑖
2

2

TUV =
𝑇 + 𝑈 + 𝑉

3



PERSONNEL ALLOCATION

张凌霄

• 编写边缘提取、透视变换、直线检测、圆形识别等部
分程序

• 安排项目进度

邱子濛

• 编写棋子颜色识别、棋子字符识别等部分程序，建立
棋子字符模板

• 制作PPT并展示

郑睦炜

• 编写图像优化部分程序

• 撰写小组报告
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