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Geometric Calibration and Accuracy Evaluation of Smartphone Camera
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Abstract

The smartphones which have been recently are embedded with high resolution quality camera, assisted GPS,
accelerometer, gyroscope and various sensors including magnetometer sensor that could be directly used for
measurement. This study aims to suggest the possible application of smartphone camera providing high resolution
images in terms of photogrammetry by calibrating it and assessing its accuracy. First of all, prior to the accuracy
assessment of smartphone camera, camera calibration was conducted to correct lens distortion of each camera and
the accuracy of image coordinates and object coordinates calculated by bundle adjustment during this procedure was
analyzed. Also regarding three-dimensional positioning, result analysis depending on considering lens distortion
coefficients was conducted, and finally relative accuracy of smartphone camera on metric camera was assessed. The
result showed that in terms of distortion correction of smartphone camera, also higher order symmetric radial lens
distortion coefficients should be considered, and three dimensional position determined by smartphone images was a
little difference from that by metric camera. Therefore it is expected that smartphone images have huge possibility
to be used for photogrammetry.
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=8 sl SufeE e
Point d7metric d30metric £33 A 43 B
X Y Z X Y Z X Y Z X Y Z

1 3277 | 2.519 | 0.011 3.267 | 2.514 | 0.009 | 3.273 | 2.513 | 0.006 | 3.270 | 2.520 | 0.000
2 3.284 1.509 0.010 3.278 1.508 0.008 3.280 1.505 0.005 3.276 1.509 0.009
3 3.345 0.554 0.004 3.339 0.553 0.003 3.342 0.552 0.002 3.340 0.555 0.019
4 2.286 1.836 0.011 2.280 1.835 0.001 2.284 1.832 0.002 2.279 1.835 0.005
5 2.351 1.023 0.012 2.344 1.022 | -0.004 | 2.349 1.020 | -0.003 2.344 1.021 0.016
6 2.500 | 0.392 | -0.003 | 2.495 | 0.391 | -0.003 | 2.497 | 0.391 | -0.005 | 2.496 | 0.392 | 0.023
7 1.876 | -0.322 | 0.002 1.874 | -0.321 | -0.002 1.875 | -0.322 | 0.001 1.870 | -0.322 | 0.019
8 1.364 1.059 | -0.002 1.362 1.058 | -0.005 1.363 1.057 | -0.005 1.360 1.058 0.012
9 0.427 1.713 | 0.003 | 0.428 1.712 | -0.010 | 0.427 1.709 | -0.010 | 0.425 1.711 0.006
10 0.350 0.906 | -0.007 0.352 0.905 | -0.007 0.351 0.904 | -0.009 0.344 0.905 0.010
11 0.302 0.242 0.003 0.303 0.242 | -0.004 0.303 0.242 | -0.005 0.297 0.242 0.011
12 0.323 | -0.300 | -0.011 0.323 | -0.301 0.005 0.324 | -0.300 0.005 0.319 | -0.298 0.006
13 | -0.442 1.679 | -0.008 | -0.440 1.679 | -0.015 | -0.440 1.676 | -0.015 | -0.447 1.677 0.005
14 | -0.432 | 0958 | 0.000 | -0.430 | 0.957 | -0.012 | -0.430 | 0.955 | -0.013 | -0.437 | 0.956 | 0.009
15 | -0.303 | -0.298 | 0.000 | -0.303 | -0.298 | 0.005 | -0.302 | -0.297 | 0.003 | -0.308 | -0.298 0.002
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H 6. d7metric 7hulgl Auel hoix] 3 hulel Aukgke] Aol WAL (W9 : m)
) d30metric - d7metric 43 A - d7metric 53 B - d7metric
Point v, v, v, v, v, v, v, vy v,
I -0.010 [ -0.005 | -0.002 | -0.004 [ -0.006 | -0.005 [ -0.006 | 0.001 | -0.011
2 -0.006 | -0.001 | -0.002 | -0.004 [ -0.004 | -0.005 [ -0.007 0.000 | -0.001
3 -0.006 | -0.001 | -0.001 | -0.003 [ -0.002 | -0.002 [ -0.005 0.001 0.015
4 -0.006 | -0.001 | -0.010 | -0.002 [ -0.004 | -0.009 | -0.007 [ -0.001 | -0.006
5 -0.007 | -0.001 | -0.016 | -0.002 | -0.003 | -0.015 [ -0.007 | -0.002 0.004
6 -0.005 [ -0.001 0.000 | -0.003 | -0.001 | -0.002 | -0.004 | -0.001 0.026
7 -0.002 [ 0.001 | -0.004 | -0.001 0.000 | -0.001 | -0.006 | 0.001 0.017
8 -0.002 | -0.001 | -0.003 | -0.001 [ -0.002 | -0.003 | -0.004 | -0.001 0.014
9 0.001 | -0.001 | -0.013 0.000 | -0.004 [ -0.013 | -0.002 | -0.002 0.003
10 0.002 | -0.001 0.000 | 0.001 | -0.002 | -0.002 | -0.006 | -0.001 0.017
11 0.001 0.000 | -0.007 0.001 0.000 | -0.008 | -0.005 0.000 |  0.008
12 0.000 | -0.001 0.016 |  0.001 0.000 | 0.016 [ -0.004 | 0.002 0.017
13 0002 | 0000 [ -0.007 | 0002 | -0.003 | -0.007 | -0.005 | -0.001 0.013
14 0.002 | -0.001 [ -0.012 0.002 | -0.003 | -0.013 | -0.005 | -0.001 0.009
15 0.000 | 0.000 [ 0.005 0.001 0.001 0.003 | -0.005 0.000 |  0.002
Max 0.002 |  0.001 0016 | 0.002 | 0.001 0.016 | -0.002 0.002 0.026
Min -0.010 | -0.005 | -0.016 | -0.004 [ -0.006 | -0.015 | -0.007 [ -0002 | -0.011
Mean -0.002 [ -0.001 | -0.004 | -0.001 [ -0.002 | -0.004 | -0.005 0.000 |  0.008
Std.Dev. 0.004 | 0.001 0.008 0002 | 0.002 | 0.008 | 0.001 0.001 0.010
A e & QU ol oA AR Biel o] AolE YEhjof, AGARISE| AntEE G| &
LHEEE ﬂﬂﬂﬂ}‘-‘ﬂl OfRh 32k 2] A7l 1o “P*} & 7Fs/dol & Ze= 7|didnh
Rt Al 5 A, o152 o] F rfEofof k&
ol e}, 5. 2 &
2oz 7t 7hehd R het HAgoA 2E 93
E}Z19] 3219 dAHE HE F Et 9x]o AxH € 2 AFoM= 2T ol HAl e AVEE G
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