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A New Method for Correcting Geometric Distortion in Digital Images and Its
Application to Panorama Image Composition
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ABSTRACT

A new method is proposed for correcting geometric distortion in digital
images. In this method , the distortion is modeled with polynomials and two
overlapped images which are taken from arbitrary objects by panning the camera
are used to measure the distortion. Corresponding points of the two overlapped
images are matched, then these matched coordinates are used to calculate the dis-
tortion coefficients so as to correct the distorted images. Calibration grids or
straight lines which are often used in the conventional method are not necessary.
Experiments were carried out using images taken by Ricoh DC-1 digital camera.

This method was applied to compose one 360-degree panorama image for com-
bining several images with calibration of each component keeping the consistency
at the joining area. Also techniques for matching the intensity and color of
adjacent images are developed.

Using the developed algorithm, 360-degree panorama images which are free of
distortion were composed.
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Fig.1 Imaging of lens with distortion
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Fig.2 Imaging of a rectangular object screen shown
with (a) no distortion, (b) pincushion, and (c) barrel
distortion
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Fig.3 Pinhole camera model with lens distortion
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Fig.4 Measuring and correcting distortion with two
overlapped images. (a) and (b) are distorted images
obtained before and after panning the camera. (c) is
corrected image of (a)
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Fig.5 Finding corresponding points between two
distorted images with block matching method
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Fig.6 Imaging before and after panning the camera
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Fig.8 (a) and (b) are images obtained with digital
camera DC-1 made by Ricoh, before and after panning
the camera, respectively. (c) is the distortion
compensated image of (a) with the proposed method.
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Fig.9 testing accuracy of the distortion correction
method with straight lines on image (a) before
correcting the distortion (b) after correcting the
distortion

Table 1 Distorton coefficients

EREE SERfE R EEE
5 -6
A - 8.028x10 4.56x10
B -5.013x107° 1.71x107°®

2-32 DO00O0O0OOO0ODOOn

oooboboboooooobboooooobooogo
gobbboooooobbooooobobboogooon
00000000000 000000FigY)unOOn
gooooooooooooz2noooboobobobbon
gobbbOoooobobbooooobobbooooon
ODO000oD0oo0oD0ogoboboOrigMODOoOon
gooz2000000o0o0o0o0ooobbobobobobobobon
gobobboooooobobooooobobboooon
goooooooobooooooooobobooooo
gooooooooooz2noooboboboboboboboon
goobboooooobobboooooobboooooon
goooiloboooooooooooooooooon
gooog

3o oonoooono

3-1 00Doooooooboon
FiglooOOoopoooogoosso0ooooooono

oooooooooooooooooossoooog

gobbboooooobbooooobobboogoon

Ricoh Technical Report No.23, SEPTEMBER, 1997

goobobboooooobbooooooboooo
gooobopoooboooogzai20o3poooooog
gobooboooooboooobboooooobooo
goooogoo
oobobboooooboboboooooobboooo
goboogpooooobooooooboobobogo
gooooboooooobboooooobboogoo
goooooon
oobobbooooooboboboooooobboooo
gobobz2o0booooobooooooboooooo
ooobboooooobobbooooboobboogoo
goooobooooboobboooooobboooo
goobobbooooooobbooooooboboogoo
goobobboooooobbooooooboogoo
goobobboooooobbooooooboogoo
gobbbooobboooobbooooon

#EE M

! /

B 1

Fig.10 projecting images to a cylinder and composing a
360-degree panorama image

3-2 DOOooooog

2000000000000 ooobooboobobooboooo
gbobooobbooobboobboobbogbseon
goobobboooooobbooooooboooo
goobobboooooobbooooooboboogoo
goobobboooooobobbooooooboogoo
goobobbooooobobbooooooboboooo
goobobbooooooobobbooooooboooo
gobobbooobobboooooo
33 DOOOoooooona

oobobbooooooboboboooooobbooo
gooooboooooobboooooobboooo
g20000000ooooooobobooooooo
gobobboooobbooooobooon

goddbz20b0oo0ooooooooooooonb
gooooboooooobbooooooobboogoo
ooooooobboobooo0oooouooooa200d
ooooooooboobooo0o0oooogoo20oooo
goooboboooooobboooooobboooo
oooooooooooobioooobooooooo

51



0000000dgooogoggreBO DO
gobpoooooboooooooooooooo
go20000ooo0oobobooonioogoon
0200000000000000000000000
goobobooooobobboooooobboooon
gooboooooooooooog
gob00OnOOD0O0OO0O3000000O000ODOO
gobodoooooooooiobobobobooooooo
gooooooobooboo0woooooooooo
ooooooobooioooooooooooooo
gobbboooooobbooooobobboogooon
gobbbooooobbooooobobbooooon
gooog
goobbboooooobobbooooobobooo
gobobbooooobbbooooobobboooooon
gobobboooobobbooooobobbooooon
gooooon
goobobbooooobobbooooooboooo
goobboooooobobboooooobbooooon
goobboooooobobboooooobbooooon
gooboooooogo
eol Jooooooooooooooooo
goobobOoooooobboooooobbooooon
goobobooooooobboooooobboooon
goobOoooboboooboboboooboobooon
34 O00DOoOoooooooo
Ooooooooooobpcolmoggssonooo
oooo0oooboobooooobooooooboa2on
goooOooobooboooi1sooooooooooon
OOooooo0owssooooooooogoooo
gooooboobooooooooobobobooo
goooogooooobbobbiooooooogan
gobbbooooobbbooooobobboooon
goobogoooo
goooooooboboooooooooba020380
gobobbooooobobbooooobobboooooon
gooboboooooboboooooobbooooon
goobbOooooobobboooooobboooooon
oooboboooooobbooooobobboooon
goooooono

A000000000

gooooboboooooooooooboobbooo
goDiuooboooobob3oboboooooboooon
ggoooooobobooooouoooboobobboooo
ggooooooobooooooooobobboooo
gobbbooooobobooooobobboogooon

52

gobobbooobobboooooo

gooooooooobooo2000000o0oo00n
goobobboooooobboooooobboooo
goooboooooooooooobooooooogg
gouuooooooooobbobboboooadad

o ooooooobooooobooobooboo
gooooobooooooooobobbooooag
gooooooooooooooseooooooon
gooooboboooooooooobobbooooag
gooooobooooooooooboboboooooag
gobc1ioooooooonooooooobooon
goooooooooooooooboboboooooogg
gobobbooobbbooooboobog

gobbbooooobobbooooooboooo
goooo

Oooaoao

10 Pankaj Dani and Subhases Chaudhuri, "Automated
assembling of images: image montage preparation”, Pattern
Recognition, Vol. 28, No. 3, pp. 432-445, 1995

20 Richard Szeliski, "Video mosaics for virtual environments",
IEEE computer graphics and application, Vol. 16, No.2, 1996,
pp. 22-30

30 JO0bOO0oooboboooooooobooboOoOga9rs

40 DO0O00O0OOOUOOOUOOOOoOUOODOOoDOOMAWUOLDS -
242526, p165

50 B. Prescott and G.G.McLean, "Line-Based Correction of Radial
Lens Distortion”, Graphical Models and Image Processing,
Vol. 59, No.2, January, pp. 39-47, 1997

600 Warren E. Smith, "Correction of distortion in endoscope
images", IEEE Transactions on Medical Imaging, Vol. 11, No.
1, March 1992, pp, 117 - 12

70 R.Y. Tsai, " A versatile camera calibration technique for high
- accuracy 3D machine vision metrology using off-the -shelf
TV cameras and lenses", IEEE Journal of Robotics and
Automat, Vol. RA-3, No.4 pp. 323 - 344, Aug. 1987

800 Shishir Shah and J.K. Aggarwal, "Intrinsic parameter
calibration for a (high-distortion) fish-eye lens camera with
distortion model and accuracy estimation", Pattern
Recognition , Vol. 29, No. 11, pp. 1775-1788, 1996

o0 DU0O0U0OUUODOOoUDOoUObLUUOOoboUDOooOoDOoOoo
0J0000Do0oooOoooOvol 22, No. 12, pp. 1330 - 1336,
1986

100Shenchang Eric Chen, "QuickTime VR - an image-based
approach to virtual environment navigation", Proc.
SIGGRAPH'95, Los Angeles, California, August 6 - 11, 1995,
pp. 29 - 38

noooooobooooooboooooobobooooooboboooa
DRBO07-01, 19960 40J 160

Ricoh Technical Report No.23, SEPTEMBER, 1997



