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A Unifying “Anycentric” Pinhole Camera Model
for Calibrating Ento-, Tele- and Hypercentric Lenses

Simon Hartel, Christian Faber

Entocentricity

Objects are imaged smaller
with increasing distance.

Objects are imaged
regardless of the distance.
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Hypercentricity

Objects are imaged larger
with increasing distance.
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Anycentric Pinhole Camera Model

Plane-Based Geometric Algebra (PGA) |1 5: Further Advantages

R* :Cenw =) Dimension-Agnostic Model
n,(),l . i Model of a camera in n-dimensional
912 —1fori=12 ..,nande? =0 : §pace capturing a (n — 1)-dimensional
] image, e.g. a line camera for n = 2 or
1 Coordinate System y the standard areal camera forn = 3.
[ ) ' .
Located in the image plane at the intersection with the optical (nt") ‘ - Or'enFEd Model .[6] . .
axis. Transition to classical pinhole camera model for ento- [8] and [ It deS|r.ed, b(;’ ulsmg the orientation-
. . . . . reserving undua
hypercentric [9] case possible with motor ./ c/eq,. - : : P B
vl I|r|;rl]aang§ ® 7 ? ® 'mag;’pomts v = (—1)8rade®n 4 4
2. Camera Center c and sandwich product
nth __1\grade(u)grade(v) -1
c =e, —key with k := /. " axis (=1) uvu - [7]
! with blades u and v, light and sight
transition between perspective and orthographic projection. The [ center c flips its orientation in the ento-

(signed) parameter ¢ denotes the classical camera constant for the
ento- [8] and hypercentric [9] case.

3. Chief Rays
cCVp

With oriented PGA (see right), this describes chief resp. light rays
towards the camera. Sight rays “emanating” from the camera are
modelled by p V c.

Gunn, C.; De Keninck, S.: Geometric Algebra for Computer Graphics.

Dorst, L.; De Keninck, S.: May the Forque Be with You.

Dorst, L.; Fontijne, D.; Mann, S.: Geometric Algebra for Computer Science:
An Object-oriented Approach to Geometry.

Dorst, L.; De Keninck, S.: A Guided Tour to the Plane-Based Geometric
Algebra PGA.

Lengyel, E.: Projective Geometric Algebra Done Right.

Stolfi, J.: Oriented Projective Geometry.

k>0

centric case compared to the tele- and
hypercentric cases.

=) Model for Telecentricity Errors

Because of the smooth transition, the
model can directly describe and cali-
brate telecentricity errors of telecentric
lenses (which in practice tend to be
slightly ento- or hypercentric).
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