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Flexible cylindrical back-projection algorithm

CAO Jiying', LU Gaoyong', LI Bo', DONG Rong’
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2.School of Electronics and Information, Nantong University, Nantong 226019, Jiangsu, China)

Abstract; Traditional cylindrical back-projection algorithm depends on the cylindrical model and calibration
accuracy. While object distance changes, a second calibration needed. A new flexible algorithm is proposed to
simplify the process and improve the scene adaptability. According to perspective projection theory, pixel equivalent
is distributed by conics. The algorithm gets cylindrical imaging characteristics to realize cylindrical back-projection
by means of fitting conics in the horizontal and vertical directions separately. It can adapt to the changes of imaging
characteristics through amendment of conics coefficient without calibrate again, when the target object moves around
relative to the camera. Experiment results show that the proposed algorithm accuracy is about normal for traditional
way and remains unchanged while the target object moves around within the scope of a certain scale. The proposed
algorithm meets image transformation requirements with calibration only once when the target object moves around
on a small scale and scene adaptability is improved.
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Fig.1 Feature points for fitting
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Fig.2  Distribution of reciprocal of pixel equivalent in the y
direction
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Fig.5 Conic function diagram after moving cylinders
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Tab.1 Feature points’ coordinates on calibration board
1%% NO Nl N2 N3 N4 NS NG N7 NS N9
x 465.749 518.514 590.178 679.517 779.869 882.942 981.891 1 069.48 1135.92 1187.29
y 510.563 513.800 516.694 518.723 519.553 519.365 517.981 515.379 512.028 507.983
1%? PO Pl PZ P3 P4 PS P6 P7 PS P9
x 465.802 518.798 590.594 679.896 780.249 883.212 982.004 1 069.04 1 135.55 1 186.23
¥ 606.897 612.453 617.373 620.696 622.338 622.318 620.321 616.244 611.267 604.868
®2 y AERME RLER
Tab.2 Fitting points’ coordinates in the y direction
BR 1 2 3 4 5 6 7 8 9 10
x 316.688 374.304 451.964 548.361 656.047 765.847 870.405 961.561 1 030.39 1 082.53
y 102.99 105.378 107.591 109.091 109.832 109.879 108.993 107.131 105.019 102.256
&3 x FERABERLER
Tab.3  Fitting points’ coordinates in the x direction
%% 1 2 3 4 7 8 9
x 345.398 412.886 499.917 602.026 710.764 817.989 915.948 996.07 1056.86
y 57.488 4 77.487 9 96.573 4 107.645 109.832 104.618 91.300 7 68.942 3 52.632 9
B 10 11 12 13 16 17 18
x 345.593 413.382 500.408 602.381 711.13 818.263 916.017 995.878 1056.06
y 57.743 6 77.833 3 96.219 2 107.728 109.77 104.496 91.011 7 68.709 7 51.658 7
R4 ZXRHMEUEGEY
Tab.4  Coefficient of conics after fitting
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Fig.6 Results of back-projection
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Tab.5 Comparison between iterative and non-iterative way in
the x direction

L ey TS M A || s B R
810 812.5 811.1 980 1022.9  981.5
831 835.1 832.1 1035 1117.6  1037.0
875 884.6 876.2 1055 1159.3 1057.2
895 908.3 896.2 1076 1209.5 1078.6
960 993.4 961.4 1099 1275.6  1102.2
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Fig.7 Result of non-iterative way
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Fig.8 Result of traditional back-projection algorithm
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Tab.6  Changes of standard deviation moving from left to right—this algorithm

L Bt/ cm
PrifizE
1 2 3 4 5 6 7 8 9 10 11 12 13
/18 E 0.568 0.546  0.572  0.489  0.543 0.548 0.522 0.524 0.549 0.562 0.544 0.602 0.594
PR E 1.625 1.625 1.625 1.625 1.625 1.625 1.625 1.625 1.625 1.625 1.625 1.625 1.625
x7 MNEIEHIFAEZETHERL—Kuen-Tsair H ik
Tab.7 Changes of standard deviation moving from left to right—Kuen—Tsair algorithm
. B (i#e/ cm
PR
1 2 3 4 5 6 7 8 9 10 11 12 13
=R R 2.123 2.046 1.623 1.012 0.608 0.539 0.488 0.564 0.509 0.754 0.923 1.521 2.396
DLVEL S 4.892 4.892 4.892 4.892 4.892 4.892 4.892 4.892 4.892 4.892 4.892 4.892 4.892




- 80 - U N S N A N B o 48 %
3.0 6 -
25l — A% — A%
: - - - Kuen®yk ’ S5 - - - - Kuen®¥:
B oob > -~ / & A .
= " / shr ’
®oust / Kt S '
£ 1ot ' . Eot . '
A o —_— e —
0.5} — 1+
0 1 1 1 1 1 1 1 1 1 1 1 1 ) 0 1 1 1 1 1 1 1 1 1 1 1 1 )
1 23 4 56 7 8 9 1011 12 13 1234 56 7 895101 1213
#afifs/em B /cm
(o) RTEJ PABEbRIE 22 2% (b) BEIE RG22 2R

B9 EAEBHEERRILE
Fig.9 Algorithm effect comparison moving from left to right
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Tab.8 Changes of standard deviation moving from front to back—this algorithm
RUBEH ¥ (hRAE S8 B/ B 315 B 98 BE)
0.724  0.748 0.766  0.797  0.817  0.828 0.843  0.860  0.894  0.905 0.925 0.939  0.970

it 22

/MR E 1.246  1.227 1.158 0.837 0.726  0.502  0.779  0.532  0.508  0.494  0.484  0.453  0.309
T/ G 3.924  3.718 3.183  2.895 2542 1.993 1.828 1.572 1.626 1.526 1.480 1.453  1.415

RUBE R (b B/ B ) I BB )
0.987  1.004 1.020 1.037 1.069 1.081 1.097 1116 1.130 1.148 1.162 1.195 1211

i 22

g/ 5% 0.354  0.332  0.450 0.442 0.455 0.494 0.484 0.503 0.524 0.542 0.559 0.692  0.783
/% 1.459  1.464 1.431 1.607 1462 1.687 1.765 1.839 1.923 2.014 1.968 2.013 2.062

R 9 MNErzl 5% ahirEE TN E R —Kuen—Tsair E ik

Tab.9 Changes of standard deviation moving from front to back—Kuen—Tsair algorithm

R R - (b 5B/ B ) Y B B )
0.724 0748 0.766  0.797 0.817 0.828 0.843 0.860 0.894 0.905 0.925 0.939  0.970

i 2%

mEARE 2202 2.129 1.876 1.654 1.557 1.456 1.340 1.234  0.804 0.752  0.703 0.655 0.443

TR/ MG E 6.012  5.987 5.672  5.129 4964 4235  4.078 3.673 3.102  2.892  2.563 1.928 1.652
RO (bR AE 98 B/ ¥ Bl e 19 9L )

0.987 1.004 1.020 1.037 1.069 1.081 1.097 1.116 1.130 1.148 1.162 1.195 1.211

brife 22

AR E 0.409  0.352  0.390 0.443  0.683 0.693 0.724  0.873 0.863  0.905 0.973 1.156 1.198

e/ 1683  1.502  1.468 1.503 2.157 2.369 2425 2.679 3.012 3.253 3.478 3.234  3.529
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Fig.10  Algorithm effect comparison moving from front to back
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Fig.11  Back-projection effect comparison
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Fig.12  Results of actual application labels using this algorithm
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