Building the Interactive Canvas

A Developer’s Guide to OpenCV’s I/0 and GUI Toolkit

This is not just about processing media; it's about building applications that
see, react, and create. We will construct a complete interactive workflow, from
loading a single pixel to saving a final video, piece by piece.
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The Application Development Workflow

LOAD MEDIA DISPLAY CANVAS CAPTURE INPUT ANNOTATE & SAVE OUTPUT
Images & Video Windows & Frames Keyboard, Mouse MODIFY Images & Video
& Sliders Shapes & Text

Our journey follows a logical, real-world development process.
Each stage introduces the essential OpenCV tools needed to bring our application to life.
We will revisit this map to track our progress.
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Step 1: LOAD the Canvas with "imread’

The journey begins by loading an image from disk into a NumPy array. This is the foundational data

structure for all image processing in OpenCV.

The Decoding Pipeline

D e

= > | >
File Decoder Raw Pixels
(photo.jpg) (JPEG/PNG) (BGR)

Understanding Read Modes

Source Image (RGBA) "IMREAD_COLOR" " IMREAD_GRAYSCALE" " IMREAD_UNCHANGED™

Original image with Alpha channel is Converted to a single Loads all channels,
transparency. discarded. luminance channel. Including alpha.
Shape: (H, W, 3). Shape: (H, W). Shape: (H, W, 4).

NumPy Array
(shape: H,W,3)

#

/\\ Key Detail: Function
returns “None" If the file
cannot be read. Always
check the return value.

&1 NotebookLM



Saving Your Work with “imwrite’

“imwrite’ serializes a NumPy array back into a standard image format, allowing you to save your
results. The key is controlling the encoding parameters for your specific needs.

01010
@ e @ e L]]%?a e i cv2.imwrite("output.jpg", img,
01011 [cv2.IMWRITE_JPEG_QUALITY, 95])
NumPy Array Encoder Compressed File
(shape: HW,3) (JPEG/PNG) Data (output.jpg)

JPEG: Quality vs. Size

Lower quality means
smaller files but
introduces compression
artifacts.

Format-Specific Parameters

|
Format | Parameter Range | Description
| l

Quality
' (higher = better)

JPEG IMWRITE_JPEG_QUALITY - 0-100

File Size

Visual Quality

Higher quality | | Com [
ns larger files | 0- i Sl
mea rge PNG IMWRITE_PNG_COMPRESSION | 0-9 (h|gher= smaller)

with sharper detail. |

1 | l l

0 20 40 60 80 100
JPEG Quality

WebP | IMWRITE_WEBP_QUALITY ' 1-100 | Quality factor
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Handling Dynamic Media with "VideoCapture"

"VideoCapture™ is the unified interface for reading frames from video files, live cameras,
or network streams. It turns a sequence of images into a processable stream.

Video File O?O

(video.mps) \"O

Camera -
(device: 0) @

object

"VideoCapture "

Network Stream ( ’)) / Frames
(Crtsp://... A
Property ID Description
"CAP_PROP_FRAME_WIDTH" 3 Frame width
"CAP_PROP_FRAME_HEIGHT" 4 Frame height
"CAP_PROP_FPS" 5 Frames per second
"CAP_PROP_FRAME_COUNT" 7/ Total frames in file
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The Heartbeat of Video: The Frame Reading Loop

Processing video is not a single operation but a continuous loop. Each iteration grabs
one frame, processes it, and displays it, creating the illusion of motion.

cap = VideoCapture(source)
cap = cv2.VideoCapture(0)

e, o)
while cap.isOpened():

ret, frame = cap.read()
if not pret:

break
@ L ( Break Loop )
Y

€S # ... process your frame here ...
Process Frame

cap.release()

ret, frame = cap.read()

cap.release()

& NotebookLM



Step 2: DISPLAYing the Canvas with “imshow™ and "waitKey"

imshow draws an image to a window, but waitKey is the function that actually processes GUI events
and controls the rendering speed. Without it, you see nothing.

e cv2.namedWindow( 'name', cv2.WINDOW NORMAL) : Creates a resizable window.
e cv2.imshow('name', frame):Renders the current frame in the specified window.
e cv2.waitKey(delay) : The critical component.

I
' waitKey(33)

imshow('win', framel) ' 33ms pause, window is imshow( 'win', frame2)
' visible & responsive

O . . e e . e

delay >0 Return Value
Waits for ‘delay” milliseconds for a key press. Essential for Returns the ASCII code of the key pressed, or -1 if no key
controlling video playback speed (e.g., 1000 / 30 FPS = 33ms). Is pressed within the delay. This is how you capture

keyboard input for exiting (ESC), pausing (Space), etc.
delay==0

Waits indefinitely for a key press. Used for displaying a single
static image until the user acts.

L
&

Always pair ‘waitKey()" with a loop to keep the window alive and responsive. End your script with “cv2.destroyAllWindows()
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Step 3: Adding INTERACTIVE Controls with Trackbars

Trackbars provide a simple, powerful way to add real-time parameter tuning to your
application. They link a visual slider to a variable in your code via a callback function.

Brightness

[(— - ] 150/ 255
Contrast

[------ T ] 30/100

( User moves slider )

|

[ OpenCV triggers callback ]

|

[ on_change(new_value) is executed ]

l

Your code uses ‘new_value' to
update the image processing

def on_brightness_change(value):
# This function is called every time
# the slider moves
print (f"New brightness: {value}")
# Apply new brightness to the image...

cv2.createTrackbar('Brightness’,
'window',
128,
L
on_brightness_change)
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Step 3: Capturing Direct INPUT with Mouse Events

OpenCV can report mouse actions within a window, providing the event type (e.g., left-click) and
pixel coordinates. This is handled through a single, powerful mouse callback function.

Mouse Event Flow

@ Move mouse > EVENT_MOUSEMOVE
. EVENT_LBUTTONDOWN /
@ Leit click > EVENT_LBUTTONUP
N :
@ Double-click > EVENT_LBUTTONDBLCLK

The Coordinate System
(0,0) > X

N

E’sur at (125, 80)

def mouse_callback(event, x, y, flags, param):
1f event == cv2.EVENT_LBUTTONDOWN:
print(f"Left button clicked at ({x}, {yH")

cv2.setMouseCallback('window', mouse_callback)
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Step 4: ANNOTATING the Canvas with Drawing Functions

OpenCV provides a set of high-performance functions for drawing primitive shapes and text
directly onto an image (a NumPy array). This is fundamental for visualizing detection boxes,

tracking paths, or creating custom user interfaces.

o

E=i

)

cv2.ellipse()

cv2.polylines()

LINE RECTANGLE CIRCLE
cv2.line() cv2.rectangle() cv2.circle()
0 ﬁ/ ;Hello World

ELLIPSE POLYLINES TEXT

cv2.putText()

(0,0)

The Coordinate System

—

These functions modify the input image array in-place. To preserve the original, always work on a copy:
annotated_frame = frame.copy().
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Drawing Details: Thickness, Fills, and Line Types

Mastering the optional parameters of drawing functions allows for precise control over the visual
output, from creating simple outlines to filled shapes and anti-aliased text for a polished look.

The "thickness Parameter

OO0 @

thickness = 1 thickness = 5 thickness = -

The "lineType Parameter

LA

LINE_ 4 SISINESS "LINE_AA
4-connected, 8-connected, Anti-aliased, highest
fastest. default. quality, slower.

cv2.rectangle(img, ptl, pt2, (0, 255, 0),
thickness=-1) // Filled green rectangle

evZaline(@mg; ptl, pt2; (2556, 0,40), 2,
cv2.LINE_AA) // Smooth blue line
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Step 5: SAVING Dynamic Media with VideoWriter’

"VideoWriter takes a stream of frames and encodes them into a video file. You must define the
container format, compression codec, frame rate (FPS), and resolution *before* you start writing.

The Video Writing Pipeline

e e e e |

Frames Codec Container File
(NumPy arrays) (e.g., XVID) (e.g., AVI) (output.avi)
Compresses each frame }_’ Wraps the compressed video and
The Setup to reduce file size. audio streams with metadata.

# Define codec and create VideoWriter object
fourcc = cv2.VideoWriter_fourcc(*'XVID')
out = cv2.VideoWriter('output.avi', fourcc, 30.0, (1280, 720))

# Inside the loop:
out.write(processed_frame)

# After the Lloop:
out.release()

CRITICAL NOTE: The frame size passed to ‘VideoWriter® (e.g., * (1280, 720)°) must exactly match the
dimensions of the frames you write to it.
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The Language of Video Compression: FourCC Codes

A FourCC (Four-Character Code) is an identifier for a video codec. You pass this code to "VideoWriter' to
specify which compression algorithm to use. The choice of codec impacts file size, quality, and compatibility.

i A\

V = XVID codec (MPEG-4)

Ny ’

cv2.VideoWriter_fourcc(x'XVID') unpacks the string
"XVID" into the four characters the function needs.

Common FourCC Codes

Code Format Description

"XVID .avi An open-source MPEG-4 codec. Widely compatible.

‘mp4v’ .mp4 An older MPEG-4 codec.

‘MJIPG’ .avi Motion JPEG. Low compression, large files, fast.

‘X264 .mp4 A modern, efficient H.264 codec. May require external libraries.

Pro Tip: Codec availability depends on your system's installed libraries. "XVID is generally a safe,

cross-platform choice.




The Blueprint: Anatomy of an Interactive Application

# 1. SETUP & INITIALIEAT{DN < 1. Setup
cap = cv2.VideoCapture(@ p it . :
cv2.namedWindow('My Interactive Canvas') Initialize video sources, windows,

# Define callback functions and variables.

def mouse_callback(event, x, y, flags, param):
if event == cv2.EVENT_LBUTTONDOWN:

# Draw a circle at the click location r 2. Bind Callbacks
cv2.circle(param['frame'l, (x, y), 10, (@, @, 255), -1) Connect GUI elements like sliders
def threshold_callback(value): and mouse actions to your functions.

# Update global threshold value
param['threshold'] = value

# 2. BIND CALLBACKS € ) 3. Main Loop

cv2.setMouseCallback('My Interactive Canvas', mouse_callback, {'frame': None}) The core of the app[iﬂatiﬂn that
cv2.createTrackbar('Threshold', 'My Interactive Canvas', 127, 255, threshold_callback) :
runs cuntlnunusly.

# 3. MAIN APPLICATION LOOP <
while True:

ret, frame = cap.read() z 1

if not ret: break 4. Display

# Pass the current frame to the mouse callback Render the processed frame to the
param[‘'frame'] = frame screen

# Apply processing using trackbar value
_, thresh_frame = cv2.threshold(frame, param(['threshold'], 255, cv2.THRESH_BINARY)

# 4, DISPLAY € ! 5. Handle Input
cv2.imshow('My Interactive Canvas', thresh_frame) Check for user key presses to

# 5. HANDLE INPUT & EXIT € control the loop.
key = cv2.waitkKey(1) & OxFF
1f key == 27: # ESC key

arpa — 6. Cleanup
# 6. C%E”“”'E'] - Release resources gracefully when
cap.rewease f - 2
cv2.destroyAllWindows() the appllcatmn exits.
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The OpenCV I/O and GUI Core Toolkit: A Quick Reference

”

Function Description

cv2.imread(path, flags) Load image from disk.
cv2.imwrite(path, img, params) Save image to disk.
cv2.VideoCapture(src) Open a video file, camera, or stream.
cv2.VideoWriter(...) Create an object to save video frames.
cv2.namedWindow(name, flags) Create a display window.
cv2.imshow(name, img) Display an image in a window.
cv2.waitKey(delay) Wait for a keystroke for a given duration.
cv2.destroyAllWindows() Close all OpenCV windows.
cv2.createTrackbar(...) Add a slider to a window.
cv2.setMouseCallback(...) Set a handler function for mouse events.
cvantinedimg ol S pE2, o) Draw a line segment.
cv2.rectangle(img, ptl, pt2, .. Draw a rectangle.

cv2iacipelle G mgr T Cent e ) Draw a circle.

cv2.putText(img, text, org, ...) Draw text on an image.

Master these functions to build the foundation of any computer vision application.
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