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1. Executive Summary

This document details a procedural method for generating animated sequences aiming to
achieve a visual representation approximately equivalent ("~=") in quality to a source GIF
L2, particularly for motions like a character's head turn. A primary objective is to store the
animation instructions in a significantly more compact format "\ (. r1xa Effects Script) than
the original GIF.

The system uses:

e A single static Base Image [ (. r1xi format, Version 2, including background color
information), derived from Frame O of the source.

e A sophisticated Python-based Analysis Tool .. that compares each frame of the
original GIF to this Base Image to derive parameters for a defined set of effects (e.g.,
Region of Interest, blur, brightness shifts, translation vectors, frame durations _ ).

e A compact, custom binary Effects Script . (. r1xa format) storing these parameters.
A Custom Renderer +” (e.g., JavaScript/Canvas) that applies these effects to the Base
Image in real-time to reconstruct the animation.

This approach balances the goal of near-original visual fidelity with the efficiencies of procedural
animation and compact data representation.

2. Problem Statement ®

Traditional frame-by-frame animation formats like GIF [Z1, while universal, present challenges:

Data Redundancy: Often store extensive pixel information, leading to large files.
File Size for Quality i/ : High-quality, smooth, or long animations can result in very
large files.

Scalability Issues: Raster formats pixelate when enlarged.

Representing Motion Inefficiently: Complex deformations are stored via many
individual pixel changes, which is not always data-efficient.

This procedural method seeks to create a high-quality animation with a much smaller data
footprint for the animation instructions.



3. Proposed Solution: High-Fidelity Procedural Animation via Effects
Scripting

L

The core strategy is to deconstruct an animation into its static Base Image and a dynamic script
of operations. Each animation frame is synthesized by applying the corresponding set of
operations from the script to the static Base Image.

Core Concept: @
The animation is not a direct sequence of stored pixel frames but is reconstructed as:

Animated_Frame_f = Apply_Effects_f (Base_Image, Effects_Script_f)

This highlights that for each frame f, a specific set of Ef fects_Script_f parameters (from
our . r1xa file) are applied to the constant Base_Image to generate Animated_Frame_f. The
"approximately equal" sign (=) acknowledges that it's a reconstruction. The conceptual formula
representing the overall animation derived from the Base Image and the sequence of operations
is:

Animation = Base_Image x ¥ (Operation_Data_f) (where x implies application of
effects for a frame and > implies the sequence of these operations over time to form the
animation)

4. Key Components J

1. Source GIF Analysis Tool (Python Script - with OpenCV & Pillow):

o Purpose: To analyze a source GIF, extract a Base Image, and generate the
. r'1xa Effects Script.

o Base Image Extraction (. r1xi [ v2): Frame 0 of the GIF is converted to
grayscale for pixel data. A dominant background RGB color is also determined
from Frame 0 and stored. The output is a custom binary . r1xi file (Version 2)
containing dimensions, grayscale pixel data, and the RGB background color.

o Per-Frame Analysis & Effects Derivation: For each Original _GIF_Frame_N
:

m It's compared (in grayscale) against the grayscale Base_Image.



m Analysis Metrics: A Region of Interest (ROT) of significant change is
identified. The average pixel difference (mean_diff_in_roi) within this
ROI, the average brightness of this ROl in Frame N versus Frame 0, and
an estimated translation vector (derived_translate_dx,
derived_translate_dy) are calculated. The translation is estimated
by comparing the centroid of changed pixels (Frame N vs. Frame 0) to a
fixed reference centroid within the Base Image (e.g., derived from the
content in the central vertical third of Frame 0).
The original frame duration _ is extracted.
Parameter Conversion: These analysis metrics are heuristically
converted into parameters for defined effects (e.g., blur_radius =
K_BLUR * mean_diff_in_roi, brightness_shift = K_BRIGHT
* (avg_brightness_N_roi - avg_brightness_0_roi)).
Tolerance Check & Simulation [4/)¢: A Python "mini-renderer"
(apply_effects_py) simulates applying the derived effect parameters to the
Base_Image. Theresult (Simulated_Frame_N)is compared to
Original_GIF_Frame_N using a similarity metric (e.g., average absolute pixel
difference). If the similarity meets a predefined threshold (e.g., 89%), the
parameters are accepted. (Currently, parameters are stored regardless, and
similarity is logged).
Output: The base_image.r1xi (v2) and the operation_data.rlxa |
files.

2. Base Image Asset (. r1xi file [Z/[] Version 2):

O

o

Purpose: The static visual foundation.

Format: Custom binary (R1XI magic number, Version 2) storing dimensions,
8-bit grayscale pixel data for the base frame, and 3 bytes for the R, G, B
components of the determined background color.

3. Operation Data Script (. r1xa file . H):

o

Purpose: Stores the sequence of derived effect parameters for each frame
compactly.

Format: Custom binary (R1XA magic number) with a header (version, total
frames), followed by per-frame data blocks (currently 28 bytes each):
frame_index, ROI_coordinates (x1,y1,x2,y2),blur_radius
(float), brightness_shift (float), translate_dx (float),
translate_dy (float),and duration_ms (unsigned short).

4. Procedural Animation Renderer/Player (JavaScript/Canvas +):

o

Purpose: Loads . r1xi and . r1xa to render the animation.



o Implementation:
m Parses .r1xi (v2) to reconstruct the grayscale Base Image (e.g., onto an
offscreenBaseCanvas) and retrieve the background R,G,B color.
m Parses .r1xa into an array of per-frame effect objects.
m  Animation loop (setTimeout driven by frame durations):

m For the current frame: Clears the display canvas to the loaded
background color.

m Retrieves effect parameters (ROL, blur, brightness,
translate).

m Creates a "snippet" by copying the ROTI from the
offscreenBaseCanvas.

m Applies blur and brightness effects to this snippet (e.g., using

Canvas filters on a temporary canvas holding the snippet).
m Draws the transformed snippet onto the display canvas at its
translate_dx, dy modified position.
m  Employs a buffering strategy ¥ (pre-rendering 2-3 frames) for smoother
playback.

5. Advantages

Significant File Size Reduction “\ : The . r1xa Effects Script, containing only
parameters, aims to be substantially smaller than the original GIF.

Approximation of Original Quality ®: The analysis and effect suite are designed to
reconstruct frames that are visually close to the source GIF.

Stylistic Potential €*: While aiming for fidelity, the nature of procedural reconstruction
with a limited effect set can still yield a distinct, clean style.

Obscurity of Method 2 : The custom binary formats and the Python-based analysis
and effect derivation logic are not exposed in the distributable assets.

6. Challenges and Considerations =

Heuristic Parameter Derivation “: The Python script's conversion of image analysis
data into effective parameters for blur, brightness, and translation is heuristic. It
requires careful tuning (K-factors, thresholds like background_pixel_threshold)
and may need adaptation for different GIF characteristics to achieve high similarity.
Renderer Accuracy & Effect Implementation ™ : The JavaScript renderer must
precisely parse the binary files and accurately apply the visual effects (e.g., how a
'brightness shift' parameter translates to pixel changes or filters).

Limited Effect Palette: The current effects (ROIl-based blur, brightness, block translate)
have inherent limitations in perfectly replicating all types of motion or visual changes
(especially complex warps or subtle texture changes). Achieving even higher fidelity
might require expanding this palette and the analysis.



e "Approximately Equal” is Subjective: The numerical similarity score from the Python
tolerance check is a guideline. Perceived visual quality is paramount and may require
iterative refinement of the analysis heuristics.

7. Python Analysis Code (Conceptual Snippets -.)
The Python analysis involves:

Base Image Background Color Detection:

Python

# (From get_dominant_corner_color_rgb)

# ... samples corners of PIL Image (RGB version) ...

# bg_r, bg_g, bg_b = average_sampled_corner_pixels

Difference Analysis (Frame N vs. Frame 0):

Python

# difference_image = np.abs(actual_gif frame_N_array - base_image_array)
# changed_pixels_mask = difference_image > CHANGE_THRESHOLD

ROI and Centroid Derivation (for translate_dx, dy relative to fixed Frame 0 reference):
Python

# roi_of _total_change = BoundingBox(changed_pixels_mask)

# centroid_of_changes_in_N = Centroid(changed_pixels_mask)

# initial_reference_centroid = Centroid(Content in CenterThirdBand of Frame_0)

# derived_translate_dx = centroid_of_changes_in_N.x - initial_reference_centroid.x

Effect Parameter Heuristics:
Python
# derived_blur_radius = K_BLUR * mean_diff_in_roi
# derived_brightness_shift = K_BRIGHT * (avg_brightness_N_roi - avg_brightness_0_roi)

. r'1xa Packing with Duration:
Python
# struct.pack('<H 4H 4f H', frame_idx, r_x1, r_y1, r_x2, r_y2, blur, bright, dx, dy, duration)

This GEM - General Explanation of Method.
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