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A Formulization of Camera-Parameter Calibration Errors and
Resultant Visual-Line Estimation Errors
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The 3-D information obtained from cameras’ 2D images is given as a visual line by using
calibrated parameter values, and we should evaluate the calibration accouracy with respect to the
visual line direction error. In this paper, the visual line direction error was examined, based on an
evaluation criterion where the calibrated principal point coordinates are taken as the references of
the visual line. Many important caracteristics with the calibrated parameter value errors and their
resulting visual line direction errors were found out by conducting a large amount of simulations
under various conditions such as the depth ratios of calibration chart, and the principal distances of
cameras. Fnally, the error characteristics were analytically proved, and some formulae were
derived. The formulae enable us to estimate calibration errors for any calibration conditions in

advance.
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Fig. 1 Two plane calibration method
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Fig.2 Parameters to be analyzed
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Fig. 3 Estimated values of CPP-based visual angle
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Fig. 4 Imaging geometry showing the true values of TPP-based
visual angle and the CPP-based visual angle
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Fig. 6 Errors of calibrated parameter values of C, F, and P
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CPP H:#Eds & (8 TPP ¥ CalMliff o,/ B3Rk 0, Th
Fhel 7, [ 8 IR, 2 bR bLRORH:
A RHESEBEIT 522 H).

(W EBRO CPPHEHETIL, KTDL 5o IEFHT
REHILTERRBT D, Zhucl~T, fEko
TPP H¥ETIE, M8 DL HIT oA 132 E LTK
BICHALTWS. E5IT, opsd FAZHAIL
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O, PPl ETH L, FELOYabLTUH,

OU., 0U., X -FX
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(a) Calibration

R Evaluation at a comer

L5l gqan |2z [Eq.0) |
S >

E,Q,-,,)

(b) Formulization (o, is given for various conditions)
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5 U function | R/Z=
v -

of Eq.(4)
_______ ER/Z(calib)

""" 1 Zxn2| Eq.(7)
: i
1
< 2y >
VA Eq.(A7) (non-calib)

2z

XY

(c) Practical application
Fig. A1 Three processes of error propagation
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Fig.A2 Triangulation in standard binocular stereo
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