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Capture a single test image with one or 
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Capture a single test image, such that the single 
test image contains visually encoded spatial 
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comprises fitting a plane to the spatial frequency 
response data using a tilted linear plane model from 

low frequency spatial frequency response data 
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Assemble on a test station components of a 
camera module for use in a multifunction device
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Assemble on a test station components of a 
camera module for use in a multifunction device
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Assemble on a test station components of a 
camera module for use in a multifunction device

1200

Capture a single test image using the components 
of the camera module such that the single test 

image contains visually encoded spatial frequency 
response data for characterizing the components 

of the camera module 
1202

Calculate from the spatial frequency response 
data an optical tilt between the optical axis of 
a lens and an optical axis of the image sensor 
of the camera module by fitting a plane to the 

spatial frequency response data
1204

Mechanically adjust an alignment of the lens 
and the optical axis of the image sensor of the 

camera module to reduce the optical tilt  
1210

Estimate correction angles from the plane
1206

Apply linear calibration to convert the correction 
angles to physical correction angles applicable to 
the lens and the optical axis of the image sensor 

of the camera module to reduce the optical tilt  
1208
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Assemble on a test station components of a 
camera module for use in a multifunction device

1300

Capture a single test image using the components 
of the camera module such that the single test 

image contains visually encoded spatial frequency 
response data for characterizing the components 

of the camera module 
1302

Calculate from the spatial frequency response 
data an optical tilt between the optical axis of 
a lens and an optical axis of the image sensor 

of the camera module 
1304

Adjust an alignment of the lens and the optical 
axis of the image sensor of the camera module 

to reduce the optical tilt 
1306

Bond a lens barrel assembly comprising the 
lens to a connection for the optical axis of the 
image sensor of the camera module to make 

permanent the alignment in the position 
resulting from the mechanically adjusting

1308
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Assemble on a test station components of a 
camera module for use in a multifunction device

1400

Capture a single test image using the components 
of the camera module such that the single test 

image contains visually encoded spatial frequency 
response data for characterizing the components 

of the camera module 
1402

Calculate from the spatial frequency response 
data an optical tilt between the optical axis of 
a lens and an optical axis of the image sensor 

of the camera module 
1404

Mechanically adjust an alignment of the lens and the 
optical axis of the image sensor of the camera 

module to reduce the optical tilt by mechanically 
adjusting an alignment of a lens barrel assembly 

comprising the lens and the optical axis of the image 
sensor of the camera module to reduce the optical tilt

1406
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