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Summary 
 Distortion correction requires remapping of pixels in an original image to new positions 
in a “corrected” image. This process inevitably involves creation of “new” synthetic pixels by 
image resampling. This paper investigates the correction of pincushion distortion in images 
produced by the Sigma 90mm F2.8 DG DN | C lens on a Sony A7RM3 (ILCE-7RM3) camera. 
Distortion correction was done with the lens profile included with Photoshop. Despite the 
requirement for resampling, image degradation was arguably undetectable at 100% 
magnification. Extreme magnification (> 200%) revealed very slight loss of pixel-level micro-
contrast in corrected images. In effect, “after” images are marginally less sharp than “before” 
images. Any image quality differences between corrected and uncorrected images are not 
discernible after downsizing. These results should not be generalized to other lens – camera 
combinations, or to other post processing software. Links to full-resolution crops of uncorrected 
and corrected image pairs are provided in the text. Inspection of these crops reveals that 
distortion-correction affects all areas of the image, even those that are not obviously distorted in 
the uncorrected image. 

Key words:  Pincushion distortion, Sigma 90mm F2.8 DG DN | C lens, Sony A7RM3 camera, 
Distortion correction, Image resampling, Photoshop, Adobe Camera Raw, Downsampling. 

1. Introduction 
 Some degree of distortion is present in images produced by many, if not most, lenses. 
Optical distortion is revealed when straight edges and lines in the subject are curved in the 
image. The most common types of simple optical distortion are pincushion, in which straight 
lines near the edges of the image are bowed inward; and barrel, in which the lines near the edges 
bulge outward. Most image-processing software includes the ability to correct these types of 
distortion. In fact, distortion is often corrected in camera. Optical distortion is a lens aberration 
and occurs even when the planes of the camera sensor and subject are parallel. Perspective 
distortion, e.g. keystone distortion, occurs when the camera is tilted with respect to the subject. 
This paper is concerned only with pincushion distortion. A future paper will investigate 
correction of barrel distortion. 
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 The ready availability of software correction has allowed lens designers and 
manufacturers to de-emphasize low distortion as an objective in lens design. Superficially, at 
least, this would seem to be a step backward because software correction requires creation of 
new synthetic image pixels. On the other hand, it may permit design of smaller, lighter, less 
expensive lenses without sacrificing other aspects of image quality. 
 One lens that might serve as an example of this design philosophy is the Sigma 90mm 
F2.8 DG DN | C lens. Given the 90mm focal length, this a compact and light-weight lens. 
Certainly one factor contributing to small size is the modest maximum aperture. Nevertheless at 
295g (10.4 oz) and 60 x 64mm (L x D) (2.35 x 2.52 in), this is a small, unobtrusive short 
telephoto lens, which accepts 55mm filters. The listed retail price as of this writing is US$ 
639.00. 
 As will be shown, uncorrected images from this lens have pincushion distortion, which is 
common for inexpensive telephoto lenses. The objective of this paper is to determine the degree 
to which software distortion correction degrades image quality, if at all. 

2. Materials and Methods 
 2.1. Lens and Camera 
 The lens was a Sigma 90mm F2.8 DG DN | C, serial number 55839270, which was 
rented from LensRentals.com. The camera was a Sony A7RM3. 

 2.2. Image Processing 
 Uncompressed raw (ARW) files were processed in Adobe Camera Raw (14.0.0.950) and 
Photoshop (23.0.0). Each member of an uncorrected and corrected pair was processed 
identically, with the obvious exception that the built-in lens profile was used for distortion 
correction (Optics panel of ACR). The default distortion correction value of “100” was accepted, 
and vignette correction was set to “0”. No sharpening or noise reduction was applied in Camera 
Raw. Images of the resolution target were not sharpened at any stage. Images of natural scenes 
were sharpened in Photoshop using my customary procedure. 
 Image processing and evaluation were done on a 2017 iMac with a 27-inch 5K display 
(approximately 218 ppi). 

 2.4. Image Viewing 
 Uncropped, downsampled images are provided in-line with this text. These can be used to 
evaluate the degree of distortion and to give landmarks for crops. Critical evaluation of the 
effects of distortion correction requires uncompressed, full-resolution crops, which cannot be 
conveniently included with this document. Evaluation images can be downloaded using the 
provided links. They can viewed in Photoshop or any application that supports uncompressed, 
layered TIFF files and ProPhotoRGB color space. Each image contains two layers, which 
superimpose the uncorrected (Not DC) and distortion-corrected (DC) images. The effects of 
distortion correction can be easily evaluated by hiding and showing the top layer. These are full 
resolution crops and can be viewed at any magnification supported by your viewing software. 
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Fig. 1. Resolution test chart. Top: uncorrected. Bottom: distortion corrected. At maximum 
aperture — f/2.8, ISO100. Tripod-mounted.
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3.  Results 
 3.1. Image 1 – Resolution Target 
 Uncorrected and corrected images of a home-made test chart are shown in Fig. 1. The 
rectilinear nature of the chart makes the distortion readily apparent. It is most obvious along the 
long edges of the image (top and bottom), and the resulting “compression” of the chart in the 
mid-line vertical direction is about 3.2%.  Compression in the horizontal direction is about 1.4%. 1

Distortion reveals the wall behind, and the wooden support below, the test chart. It appears that 
the distortion correction uses the four image corners as anchors, and expands the body of the test 
chart. In the process, the background wall and support are mostly removed. Given that the 
overall dimensions are the same in both images (7952 x 5304 pixels), it is clear that distortion 
correction involves addition of synthetic pixels — the pixels lost by removing the wall and 
support have been replaced by expanding the chart. The precise method used to generate 
synthetic pixels is not clear. 
 The dimensions of the test chart are 76 x 51cm (30 x 20 in). Thus, the image recorded by 
the sensor is reduced by a factor of about 20x. Although not visible in Fig. 1, the line pairs on the 
test chart have associated numbers. These numbers represent the line-pair frequencies as printed 
on the chart, and can be used to estimate the line-pair frequencies as recorded by the camera 
sensor. For example, as will be seen in full-resolution crops, this lens is generally able to resolve 
the line-pairs printed with a resolution of 3.15 lp/mm (even in the image corners at maximum 
aperture). This corresponds to a resolution on the sensor of about 63 lp/mm (3.15 x 20). 
 Full-resolution crops of the center, upper left corner, mid top edge, and mid right edge are 
provided. This image was made with the lens at maximum aperture (f/2.8). In all four crops, the 
3.15 lp/mm bars are resolved as distinct line-pairs, in both the uncorrected and distortion-
corrected images. (It is necessary to increase magnification to 200% or higher to see this.) That is 
about the best resolution that this lens can achieve at maximum aperture, on this camera, with no 
image sharpening. 
 At 100% magnification, there are no apparent differences in image quality between 
corrected and uncorrected crops. At much higher magnification, say 400%, subtle differences do 
appear: distortion corrected crops have slightly less pixel-level contrast, at least to my eyes. The 
result is that the corrected images are very slightly softer, or less sharp, than their uncorrected 
counterparts. This is a very subtle effect. I suggest looking at the crops from the top and right-
side edges, with attention on the text rather than the line-pairs. Notably, distortion correction 
appears to affect all parts of the image, even those that are not obviously distorted in the “before” 
image. This can readily be seen by examining the “before” and “after” center crops. 

 To be precise, simple pincushion (and barrel) distortion increases with the square of the distance from 1

the image center, and is therefore greatest at the corners. Distortion at the edges is least at the top and 
bottom edges in landscape orientation, because of the shorter distance from the image center. Therefore, 
the bowing-in, or compression, seems greatest in the vertical dimension, but distortion is actually least 
along that central axis.
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 3.2. Image 2 – Oak Trees with Leaf Litter 
 This is a natural subject with considerable fine detail (Fig. 2). Distortion would probably 
not be apparent in the uncorrected image: even when viewed reduced and side-by-side, some 
effort is required to see differences between “before” and “after” images (Fig. 2). Uncorrected 
and corrected full-resolution crops are provided for the center, lower left corner, mid lower edge, 
and upper right corner. 
 At 100% magnification, I can see no image-quality differences between uncorrected and 
corrected crops. At the risk of serious “pixel peeping” and eye strain, it may be possible to 
discern some slight loss in micro-contrast at higher magnification. Even that effect might be 
overcome by applying slightly more sharpening to the distortion-corrected image. 

 3.3. Image 3 – Tree Stump 
 This is another finely-detailed natural subject, although with considerably shorter 
camera-to-subject distance (Fig. 3). Again, distortion is difficult to detect, even when “before” 
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Fig. 2. Oak trees with leaf litter. Left: uncorrected. Right: distortion corrected, 1/640 sec, f/5.6, 
ISO 200. Hand-held.
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and “after” images are viewed side-by-side. Full-resolution crops are provided for the center, 
lower left edge (almost in the corner), mid lower edge, and mid right edge (slightly above the 
mid line). Knowing from the first two images that distortion correction produces a slight loss in 
pixel-level contrast, it is perhaps now possible to detect the effect at 100% magnification with 
this image. Nevertheless, the effect is so minor as to be at the limit of detection, and might be 
mitigated completely by a little extra sharpening. 

 3.4. Downsampled Images 
 Images are often downsized for web use and other applications. Although downsampled 
images must necessarily lose fine detail, apparent image quality often improves. In particular, 
they tend to look sharper and less noisy. I used the Bicubic Sharper option in Photoshop to 
downsample the oak and stump pictures by 50% (linearly) so that total image resolution was 
reduced from 42.2 to 10.5MP. Crops of the lower portion of the downsampled oak and stump 
images are provided as layered TIFF files. At 100% magnification, I really can’t see any 
differences in image quality between the corrected and uncorrected images, in either case. 
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Fig. 3. Tree stump. Left: uncorrected. Right: distortion corrected, 1/800 sec, f/5.6, ISO 200. 
Hand-held.

mailto:pservice@mac.com
https://www.dropbox.com/s/cq1552vauxha3gw/stump_center.tif?dl=0
https://www.dropbox.com/s/cgejeghf7jp5udz/stump_lower_left_edge.tif?dl=0
https://www.dropbox.com/s/yj8cvj91m1ert8h/stump_mid_lower_edge.tif?dl=0
https://www.dropbox.com/s/q2d3smau3xockw3/stump_upper_mid_right_edge.tif?dl=0
https://www.dropbox.com/s/galoku68ye0mhu5/oak_combo_downsamp_crop.tif?dl=0
https://www.dropbox.com/s/m65r2trbna7kt53/stump_downsamp_combo_crop.tif?dl=0


© 2021 Phil Service (pservice@mac.com) Last revised:  17 November 2021

 

4. Conclusion 
 To be clear, every lens – camera combination is unique. The fact that distortion correction 
appears to have barely detectable effects on image quality (at 100% or higher magnification) in 
the present case, does not mean that will be true for other lenses and cameras. Every lens you use 
is worth testing, if image quality is a concern. The types of comparisons shown here are not too 
difficult to perform. 
 Given that distortion correction may involve wholesale image resampling, as appears in 
the present case, my feeling is that it should not be done unless the subject requires it, and/or 
distortion is obvious and undesirable in the uncorrected image. For the two natural subjects 
shown here, the pincushion distortion is not really apparent in the uncorrected images, and I 
would chose to display them without correction. On the other hand, architectural images might 
well require correction, as might a landscape with an unpleasantly curved horizon. Happily, if an 
image is to be substantially downsized for final use, any negative effects of distortion correction 
will be imperceptible. 
 It should also be noted that Camera Raw provides for variable amounts of distortion 
correction. That feature was not explored for this paper, but it raises the possibility of opting for 
less than perfect distortion correction in exchange for less image degradation. Lastly, the A7RM3 
can operate as if it has an APS-C size sensor. Total image resolution declines to 17.8MP from 
42.2MP and the effective focal length of this lens becomes 135mm. The resulting images will be 
considerably less distorted, and presumably distortion correction will have even less effect on 
image quality. However, throwing away more than half of sensor resolution and changing the 
effective focal length of the lens seem like drastic measures. Again, that possibility was not 
explored. 
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