The Art of the Panorama ,.
Mastermg Image Stltchlng‘ .
in OpenCV XY . :' i\

L% A technical deep-dive into the algorlthms and -
M code behind seamless image mosaics.




The Five-Minute Panorama with the Stitcher API

Image 1 Imﬂge 2 cv2.Stitcher_create().stitch(imgs) | sl E
|/\0(\|

Final Panorama

Image 3
The Code The Status Codes
.
# 1. Load your 1mages
# 2. Create the stitcher object gELicher 200 SHEes
stitcher = cv2.Stitcher_create() Stitcher_ERR_NEED_MORE_TMGS Not enough images

# 3. Stitch the 1mages
(status, panorama) = stitcher.stitch(images)

Stitcher_ERR_HOMOGRAPHY_EST_FAIL Homography estimation failed

Stitcher_ERR_CAMERA_PARAMS_ADJUST_FAIL  Camera parameter adjustment failed
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Unpacking the Magic: The Core Stitching Pipeline
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Step 1: Finding Common Ground with Feature Matching

Concepts

» Concept: The process starts by identifying unique, stable points
(keypoints) in each image using algorithms like SIFT or ORB.

« Key Insight: Lowe's Ratio Test: To filter out ambiguous matches, we use
Lowe's ratio test. A match is kept only if the distance to its best neighbor
is significantly smaller (e.g., < 0.75 * distance) than the distance to the
second-best neighbor.

e Rule: A minimum of 4 good matches are required to calculate the
perspective transform in the next step.
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Code

# Use SIFT
detector =
kpl, descl
kp2, desc?2
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or ORB detector
cv2,.S5IFT_create()
detector.detectAndCompute(imgl,
detector.detectAndCompute(img2,

# Match features using knnMatch
bf = cv2.BFMatcher()

matches =

bf.knnMatch(descl, desc?, k=2)

# Apply Lowe's ratio test
good_matches = []
for m, n in matches:
if m.distance < 0.75 * n.distance:
good_matches.append(m)
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Step 2: Building a Geometric Bridge with Homography

o .
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Image B

. .
. Inliers

Explanation

What is it?: A 3x3 matrix H that describes the perspective transformation
between two image planes. It maps the coordinates of points from one image
to the corresponding coordinates in the other.

How is it found?: We can't trust all our matches. RANSAC (RANdom SAmple
Consensus) is an iterative algorithm that robustly finds the best homography
matrix by distinguishing between inliers (good matches that fit the model)
and outliers (bad matches).

Code

src_pts = np.float32([kpl[m.queryIdx].pt
for m in good_matches]).reshape(-1,1,2)

dst_pts = np.float32([kp2[m.trainIdx].pt

for m in good_matches]).reshape(-1,1,2) |

# Find the homography matrix using RANSAC |
H, mask = cv2.findHomography(src_pts, dst_pts, I

cv2.RANSAC, 5.0) |
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Step 3: Creating a Shared Canvas by Warping Images

Image 1
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The Goal: Use the calculated Homography matrix H to transform one image
so that it aligns with the perspective of the other. The function
cv2.warpPerspective applies this transformation pixel by pixel.

Beyond the Plane: While planar warping is common, OpenCV'’s stitcher can
project images onto different surfaces to handle wide fields of view and
minimize distortion. This is crucial for creating full 360° panoramas.

Shared Coordinate System
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Warper Description Use Case

Plane Planar projection Small rotations, flat scenes
Cylindrical Projects onto a cylinder 360° horizontal panoramas
Spherical Projects onto a sphere Full 360° x 180° panoramas
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Step 4: The Art of the Seam - A Tale of Three Blends

No Blending Alpha Blending Multi-Band Blending

- s

Artifact: Hard Edge. Artifact: Ghosting. Result: Invisible Seam.




The State of the Art: Seamless Seams with Multi-Band Blending

s _l

High Frequencies
(Edges, Textures)

Low Frequencies
(Colors, Tones)

The Process:

1. Decompose each image into a Laplacian pyramid of
different frequency bands.

The Core Insight: 2. Blend each level of the pyramid separately using a soft

Different frequencies require different blending strategies. mask. . , e

You should blend low frequencies (colors, tones) across a 3. Collapse the blended pyramid back into the final image.
wide area to avoid visible color bands, and blend high

frequencies (edges, textures) across a narrow area to The Result:

keep details sharp. The highest quality blend, preserving details and eliminating

color seams, at the cost of being computationally slower.
Implemented in OpenCV via cv2.detail.MultiBandBlender.
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From Theory to Code: The Complete Manual Pipeline

def stitch_two_images(imgl, img2): 4
# 1. Detect features and match ( ¥
sift = cv2.SIFT_create() .
kpl, descl = sift.detectAndCompute(imgl, None) Feature Detection

kp2, desc2 = sift.detectAndCompute(img2, None) & Matching
matches = cv2.BFMatcher().knnMatch(descl, desc2, k=2) 4
good = [m for m,n in matches if m.distance < 0.75 * n.distance] \L

# 2. Find homography if enough matches are found
if len(good) > 4:

src_pts = np.float32([ kpl[m.queryIdx].pt for m in good ]).reshape(-1,1,2)
dst_pts = np.float32([ kp2[m.trainIdx].pt for m in good ]).reshape(-1,1,2) Hgmggraph}r
H, mask = cv2.findHomography(src_pts, dst_pts, cv2.RANSAC, 5.0) Esnrnﬂiunl

# 3. Warp image and create final panorama

result = cv2.warpPerspective(imgl, H, (imgl.shape[1] + img2.shape[1], imgl.shape[0]))

result[0:img2.shape[0], 0:img2.shape[1]] = img2 _____qlk____>
return result

else:

print("Not enough matches found.")
return None Image Warping
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Fine-Tuning the Machine: Configuring the Stitcher

“FeatUPesFindEP‘ “Warper” \

"Blender’

The BESt Of BOth Wﬁrlds stitcher = cv2.Stltcher_create()

You don't have to choose between the easy API and the manual pipeline. ~ # Change the feature detector (default is ORB)
: EBa : T - stitcher.setFeaturesFinder(cv2.detail.OrbFeaturesFinder(nfeatures=2000))
The high-level “Stitcher" class is highly configurable, allowing.

# Change the projection type

Xxampie conriaqurations stitcher.setWarper(cv2.PyRotationWarper('spherical', 1.0
E ple Configurati ( i ( )
You don't have to choose between the easy API and the manual pipeline. # Select the highest-quality blender

The high-level "Stitcher" class is highly configurable, allowing you to stitcher.setBlender(cv2.detail.MultiBandBlender())

swap out its internal components. S e S

stitcher.setSeamFinder(cv2.detail.GraphCutSeamFinder('COST_COLOR'))
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A Field Guide for Perfect Panoramas

Maintain 20-40% Overlap:
This ensures enough common
features for a robust match.

Rotate Around the Nodal Point:
To minimize parallax error,
rotate the camera around its
optical center, not your body. A
tripod is best.

Shoot Feature-Rich Scenes:
Blank walls or clear blue skies are
difficult to stitch. Ensure there is
enough texture and detail for
feature detectors to work with.
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Use Consistent Exposure: Lock
your camera’s exposure, focus,
and white balance to prevent
visible brightness and color shifts
in the final panorama.

Avoid Subject Motion:

Moving objects (cars, people) in
the overlap region will cause
ghosting or artifacts.
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Your Toolkit for Mastery

Key Functions Reference

Function | Description

cv2.Stitcher_create() High-level stitcher object

Performs the full stitEhing

stitcher.stitch() e

cv2.SIFT_create()/ORB_create() | Detects keypoints and descriptors

cv2.BFMatcher() .knnMatch() !:gii;;l;:s features between

cv2.findHomography () g?tﬁ%ﬁ;%ggspﬁtwe transform

Applies the perspective warp to

cv2.warpPerspective() an image

cv2.detail.MultiBandBlender() | High-quality, seamless blending

Further Reading

1. OpenCV Stitching Module Docs

The official reference for all stitching
classes and functions.

. OpenCV Panorama Tutorial

A step-by-step guide from the official
documentation.

. The Original Multi-Band Blending

Paper
For the academically inclined: ‘A
Multiresolution Spline With

Application to Image Mosaics’ by Burt
and Adelson (1983).
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