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In case of the optical camera system with an infinite object distance, optical designs different from previous systems are required
to speed up the auto-focus. As the number of lens groups is increased due to this, the conventional analytic method found it difficult
to calculate the locus, and even the one-step advanced calculation method also had the trouble of taking a lot of time. In this paper
we suggested an analytic method for calculating the zoom loci by analyzing movement of one or two groups for situations
corresponding to the given back focal length and effective focal length after taking a spline interpolation for each lens group. With
this method, we would not only calculate the analytic zoom loci without iterations in every optical system without placing a limit

on the group number at the zoom lens systems with the infinite object distance, but we would also show the utilities of this method
through many examples
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FIG. 1. The optical layout of N-group system.
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FIG. 2. Optical layout for moving the i-th and j-th group at the
lens system with N groups.
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FIG. 3. Example of a locus for a lens group.
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TABLE 1. The specifications of the third example in JP1999-258504 (Unit: mm)

EFL - i Thickness
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5th group 60.406382 4.217601 2.630522 27.13692 17.81480 1.87224
6th group -50.643613 1.444391 1.786775 40.70027 62.22233 71.063162
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FIG. 4. Optical layout of the third example in JP1999-258504."
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FIG. 5. The zoom locus of the third example in JP1999-258504 by Table 2.
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TABLE 3. The locus table of the third example in JP1999-258504 by compensation of the 3rd & 5th (Unit: mm)

Step EFL thi s5 thi s13 thi s19 thi s21 thi s26 thi s29 thi s31

0 82.00867 3.582261 29.978084 4.418699 36.061159 27.136917 37.724924 1
100 112.972553 15.651828 22292615 12.104168 30.115497 26.092563 44714938 1
200 143.936436 | 26324513 18.58427 15.812513 26.363045 23.733606 50.826346 1
300 174.900319 | 35.600315 16.90874 17.488043 24.4148 20.449048 56.059148 1
400 205.864202 | 43.479235 16.29642 18.100363 23.793288 16.716363 60.413345 1
500 236.828085 49.961272 16.126787 18.269996 24.110824 12.923237 63.888935 1
600 267.791968 55.046428 15.869605 18.527178 25.088269 9.348808 66.485919 1
700 298.75585 58.734701 15.000708 19.396075 26.535364 6.183334 68.204298 1
800 329.719733 61.026092 13.003731 21.393052 28.28058 3.598346 69.044071 1
900 360.683616 61.920601 9.37309 25.023693 30.013065 1.904696 69.005237 1
1000 391.647499 61.418227 3.492878 30.903905 30.962966 1.872236 68.087798 1
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FIG. 6. The zoom locus of the first example in JP1999-258504 by Table 3.
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TABLE 4. The locus table of the third example in JP1999-258504 by compensation of the 1st & 3th (Unit: mm)

Step EFL thi s5 thi s13 thi s19 thi s21 thi s26 thi s29 thi s31

0 82.00867 3.582261 29.978084 4.418699 36.061159 27.136917 37.724924 1
100 112.972553 19.103767 24.836034 9.560749 31.576539 24.631521 44.714938 1
200 143.936436 29.380272 21.125985 13.270798 27.975208 22.121443 50.826346 1
300 174.900319 36.974329 18.200727 16.196057 25.257167 19.606681 56.059148 1
400 205.864202 42.938001 15.719367 18.677416 23.422414 17.087237 60.413345 1
500 236.828085 47.772947 13.483223 20.91356 22.47095 14.563111 63.888935 1
600 267.791968 51.744226 11.374083 23.0227 22.402775 12.034301 66.485919 1
700 298.75585 55.005732 9.327933 25.06885 23.21789 9.500809 68.204298 1
800 329.719733 57.657557 7.322241 27.074543 24916293 6.962634 69.044071 1
900 360.683616 59.774214 5.366801 29.029982 27.497985 4.419777 69.005237 1
1000 391.647499 61.418227 3.492878 30.903905 30.962966 1.872236 68.087798 1
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Zoom Locus: M7, PNPNPNA b

TABLE 5. The locus table of the third example in JP1999-258504 by compensation of the 5th group for linearization of Ist group (Unit: mm)
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FIG. 7. The zoom locus of the first example in JP1999-258504 by Table 4.

Step EFL thi s5 thi s13 thi s19 thi s21 thi s26 thi s29 thi s31
0 82.00867 3.582261 29.978084 4.418699 36.061159 27.136917 37.724924 1
100 92.002977 9.365859 28.807108 5.589675 33.719017 25.769441 41.43454 1
200 103.820535 15.149457 27.307788 7.088995 31.438729 24.48974 44.994528 1
300 117.92308 20.933055 25.480126 8.916657 29.274887 23.243222 48.404887 1
400 134.909875 26.716652 23.32412 11.072663 27.295756 21.961623 51.665617 1
500 155.574829 32.500249 20.839771 13.557012 25.594561 20.551715 54.776719 1
600 181.00629 38.283845 18.027079 16.369705 24.307598 18.877206 57.738192 1
700 212.792289 44.067441 14.886043 19.51074 23.645908 16.727052 60.550037 1
800 253.530551 49.851037 11.416665 22.980118 23.958674 13.752071 63.212252 1
900 308.393276 55.634632 7.618943 26.77784 25.89171 9.306449 65.72484 1
1000 391.647499 61.418227 3.492878 30.903905 30.962966 1.872236 68.087798 1
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FIG. 8. The zoom locus of the first example in JP1999-258504 by Table 5.
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TABLE 6. The locus table of the third example in JP1999-258504 by compensation of the 1th group for linearization of 3rd group (Unit: mm)

Step EFL thi s5 thi s13 thi s19 thi s21 thi s26 thi s29 thi s31
0 82.00867 3.582261 29.978084 4.418699 36.061159 27.136917 37.724924 1
100 94.723813 8.621285 27.329562 7.067221 32.097881 25.916997 42908121 1
200 112.739632 16.649577 24.681041 9.715742 28.902038 24.406734 47.614226 1
300 135.48746 25.332075 22.032519 12.364264 26.47363 22.606126 51.843241 1
400 162.379856 33.445823 19.383998 15.012785 24.812658 20.515174 55.595164 1
500 192.873895 40.537587 16.735477 17.661306 23919121 18.133878 58.869997 1
600 226.536769 46.53523 14.086957 20.309826 23.79302 15.462237 61.667739 1
700 263.111359 51.513775 11.438437 22.958346 24.434353 12.500253 63.98839 1
800 302.579115 55.585437 8.789917 25.606866 25.843122 9.247925 65.83195 1
900 345.217324 58.856941 6.141397 28.255386 28.019326 5.705253 67.19842 1
1000 391.647499 61.418227 3.492878 30.903905 30.962966 1.872236 68.087798 1
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FIG. 9. The zoom locus for the first example in JP1999-258504 by Table 6.
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