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Abstract

Some map projections are defined by table values rather than mathematical equations. The most popular and famous one in this category is the Robinson Projection. The Ginzburg projections, which were developed and applied in the former Soviet Union, are among the other table-based world projections. A computational method is required in order to efficiently use this kind of projections in Geographic Information Systems (GIS) and similar environments. Function matching for these projections can be carried out for a numerical forward and inverse transformation. Matched functions also allow the determination of the projection distortions easily. In this study, polynomials are applied to derive an analytical expression from an array of tabular coordinates. The tests are carried out for four table-based polyconic projections, The Ginzburg IV, V, VI, and 1966. The distortion characteristics are searched with the partial derivatives obtained by numerical approximation. 
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1 Introduction

Some map projections are given with table values rather than mathematical formulae. The Robinson projection is the most popular one of this kind. Robinson gives, after empirical researches with a trial-and-error approach, tabular coordinates rather than mathematical formulas for his projection (Robinson 1974, Ipbuker 2005). The Ginzburg projections, which were developed and applied in the former Soviet Union, are also table-based world projections. In comparison to other world projections, these have a wide part of the projection plane that has reasonable distortions. In a recent study, Richard Capek ranked 100 world projections into a sequence list in compliance with a global area distortion characterization Q, which is defined as the percentage ratio of the area represented in the map with permissible distortion to the area of the whole world. He tried to state the best projection for a one-sheet uninterrupted world map. The Ginzburg V projection is the best one in his list (Capek 2001a, Capek 2001b). 

In Ginzburg Projections, plane coordinates of the grid points defined for a certain interval (10 degree) are directly taken from tables. But, an interpolation method is needed for the coordinates of an intermediate point. There also occur difficulties in the calculation of the distortion quantities for lack of projection functions. A computational method is required in order to use this kind of projections efficiently in Geographic Information Systems (GIS) and similar environments. Function matching for the projection based on the table values can be can be done for a numerical forward transformation. Since the mathematical model of polyconics of this kind is known, it is not necessary to use all table values. The coordinates that define the outer meridian (180 degree) have to be used for function matching. The outer meridian can be modelled by using polynomials (Snyder 1993) and radial basis functions (Bildirici et al 2006). This paper focuses on the distortion characteristics of these projections. For distortion analysis the outer meridian is modelled with polynomials suggested by Snyder (1993).  

2 Polyconic Projections

On the polyconic projections, parallels are shown as non-concentric arcs, whose centres are located along the straight central meridian, and meridians are curves symmetrical about the central meridian (Snyder 1982). 

Suppose x,y being the rectangular coordinates, and m,( polar coordinates shown in figure 1, so the general projection equations have the form
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where,
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Distortions depend on the functions above. These projections may be conformal, equal area or arbitrary in the distribution of distortions. 

There are numerous polyconic projections; some of them are actually used, while some others are not. A group of arbitrary polyconic projections for world maps, which are also called modified polyconic projections, were developed from the sketches of the map graticule. Urmayev of Russia initiated this method. In this approach a map graticule is drawn with predefined linear distortions at certain points. Then the plane coordinates are calculated by using numerical approximation methods. Such a projection is given with tables, in general. Urmayev’s method had widely been used in the Soviet Union, especially for world maps in atlases. A group of this type of Russian projections were presented by Ginzburg and Salmanova (Snyder 1993, Bugayevskiy & Snyder 1995).

G.A.Ginzburg, a member of the Russian TsNIIGAiK institute, suggested four polyconic projections (The Ginzburg IV, V, VI, VII), one pseudo-cylindrical projection (The Ginzburg VIII) and one pseudo-azimuthal projection (The Ginzburg III), a total of 8 projections commemorated with his name and Maling’s numbering (Ginzburg 1952, Ginzburg and Salmanova 1957, Maling 1960). His projections are also identified by the initials of his agency TsNIIGAiK (Tsentral’ny Nauchno-issledovatel’skiy Institut Geodezii Aerofotos’emki i Kartografii or Central Scientific Research Institute of Geodesy, Aerial Photo Survey and Cartography). 

The Ginzburg IV projection (TsNIIGAiK 1939-1949) was used in Geograficheskiy Atlas for secondary school teachers in 1939-1949, the Ginzburg V projection (TsNIIGAiK 1950) was used for school maps of the Soviet Union in 1950. The Ginzburg VI projection (TsNIIGAiK BSE) was used for various thematic world maps in the Bol’shoy Sovetskiy Entsiklopediya in 1950. Another projection presented in 1966, which is sometimes called the Ginzburg IX, has been used for various thematic maps (Ginzburg 1952, Graur 1956, Maling 1960, Snyder 1993).
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Figure 1: Geometrical model of polyconic projections

The mathematical model of the polyconics of this type is given in Bildirici et al (2006) in detail. Equations of the polyconic projections are needed only to define the location of each parallel (circular arc) along the central meridian (0°) and along the outer meridian (180°). The other meridians are equally distributed along each parallel. Let xA, yA being the coordinates on the central meridian and xB, yB those on the outer meridian (180°), the following functions must be known:
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Some of these projections have true scale on the central meridian (e.g. the Ginzburg IV and V), in this case let 
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 in Eq.3.

Let P in figure 1 be any point whose projection coordinates are to be determined. Let A and B be points that lie on the locations where the parallel passing through P intersects the central and the outer meridian. Since the parallel is a circular arc on the projection plane, with radius m and the centre C, the coordinates in the projection plane can easily be obtained as follows:
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If the scale is true along the central meridian, let 
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 in eq.5. In this case, the projection coordinates depend only on the definition of the outer meridian. 

Since the equator is a straight line on the projection, the polar coordinates 
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 cannot be calculated for points along the equator; these points must be handled separately. In other words, if 
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The Ginzburg projections are described with tables that give projection coordinates with 10° graticule interval. Accordingly, 10 points define the outer meridian. These can be used for function matching for the outer meridian.

2.1 Polynomial approximation for the outer meridian

According to Snyder (1993) Philip Voxland gives the polynomials for the Ginzburg projections are as follows:
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Using least square adjustment (LSA), Voxland also derived the coefficients for the Ginzburg IV, V, VI and 1966 (Snyder 1993). Bildirici et al (2006) also performed LSA approximation and found similar results. 

Tabulated coordinates given by Ginzburg & Salmanova (1957) were multiplied with an earth radius of 6 371 116 m, then divided by 100 000. Thus, the coordinates are in cm in the scale of 1:10 000 000. Since working on the unit sphere is preferred (R=1), the original tabular coordinates were normalized, i.e. all the tabular coordinates were multiplied by 100 000/6 371 116. Table 1 shows the numerical values of the polynomial coefficients for Ginzburg Projections for the unit sphere. The values for IV, V and VI are taken from Bildirici et al (2006), for 1966 (IX) from Snyder (1993).

Table 1: The polynomial coefficients of the Ginzburg projections
	
	IV
	V
	VI
	1966 (IX)

	c1
	1.000000
	1.000000
	0.994605
	1.000000

	c2
	0.000000
	0.000000
	0.044707
	0.000000

	c3
	2.828300
	2.583819
	2.603377
	2.651600

	c4
	-1.698450
	-0.835827
	-0.622711
	-0.765340

	c5
	0.754046
	0.170354
	-0.034239
	0.191230

	c6
	-0.180646
	-0.038094
	0.000000
	-0.047094

	c7
	1.760031
	1.543313
	1.341985
	1.362890

	c8
	-0.389143
	-0.411435
	-0.054981
	-0.139650

	c9
	0.042555
	0.082742
	0.000000
	0.013762


The partial derivatives required for distortion analysis are as follows:
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2.2 Distortion characteristics

Local scale distortions along meridians (h) and parallels (k) can be calculated as follows.
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If the scale is true along the central meridian, let 
[image: image34.wmf]j

=

A

y

. 


[image: image35.wmf]2

2

÷

÷

ø

ö

ç

ç

è

æ

¶

¶

+

÷

÷

ø

ö

ç

ç

è

æ

¶

¶

=

j

j

y

x

h



[image: image36.wmf]2

2

cos

1

÷

ø

ö

ç

è

æ

¶

¶

+

÷

ø

ö

ç

è

æ

¶

¶

=

l

l

j

y

x

k




(20)

Since the equator is projected as a horizontal line, the local scale distortions for points on the equator cannot be calculated with the formulae above. The local scale distortion along the equator can easily be calculated by dividing the projection length by the spherical length.
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In order to find the local scale distortion along meridians on the equator, the values along the central meridian and the outer meridian can be used. Along the central meridian;
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along the outer meridian;
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in analogy to Eq.5, we can write:
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In the case of true scale along the central meridian, let 
[image: image44.wmf]1
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h

. The scale distortions thus obtained along meridians match the values given by Ginzbug & Salmanova (1957). The maximum and minimum scale distortions a and b can be calculated with the following formulae:
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Area distortion;
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Maximum direction distortion;
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Angle distortion,
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2.3 Inverse transformation

Since the forward transformation equations are rather complex, inverse transformation can be performed with Newton-Raphson iteration. Bildirici et al (2006) explains the application of the Newton-Raphson Iteration for Ginzburg’s polyconic projections in detail.

3 Distortion Analysis

In this section, the distortion characteristics of the Ginzburg’s modified polyconic projections are examined.   For the distortion analysis, distortions, in 20 degrees graticule interval, are calculated and given in the appendices A to D.  The isocol maps are created and shown (Figures 2 to 5). In order to compare the projections with each other we follow the approach suggested by Capek (2001b). He examined the Ginzburg projections with his global-mean distortion parameter Q using cartometric methods. In this study the required values for such a characterization are computed using the drawings in figures 2 to 5. The value FT is the total map area (R=6371.116 km) in sq km for each projection. FS is the surface area of the sphere (510083046 sq km). FA denotes the area on which the area distortion does not exceed the limit of 1.5 and FW is the area on which the angular distortion does not exceed the limit of 40o. The ratios FA/FT and FW/FT confirm the cartometric results of Capek. The ratio FT/FS is also computed, which depicts the total area change through the projection. These values are presented together in table 2.

Table 2: Comparison of the Ginzburg projections according to the distortions

	
	Ginzburg IV
	Ginzburg V
	Ginzburg VI
	Ginzburg 1966

	FT (sq km)
	613837443
	559314390
	631121804
	627596602

	FA (sq km)
	519306477
	493315292
	454407699
	469565350

	FW (sq km)
	438893772
	460315743
	496692860
	554784562

	FA/ FT
	84.6 %
	88.2 %
	72.0 %
	74.8%

	FW/ FT
	71.5 %
	82.3 %
	78.7 %
	88.4%

	FT/FS
	83.1%
	91.2%
	80.8%
	81.3%


In table 2, it is obvious that the Ginzburg V have a very reasonable distortion distribution. In terms of angle distortion, The Ginzburg 1966 is the best one in the group. In terms of the visual appearance, the Ginzburg IV has a suitable shape, which reflects the spherical shape of the earth.

4 Conclusion

The Ginzburg projections, which were developed and applied in the Soviet Union, are table-based polyconic world projections. A computational method is required in order to use this type of projections efficiently in Geographic Information Systems (GIS) and similar environments. Function matching based on the projection table values are needed for a numerical forward and inverse transformation, and for the distortion analysis. In this paper, polynomials are applied to derive analytical expressions from the array of tabular coordinates. Based on the polynomials, the distortion characteristics are investigated with numerically computed partial derivatives. The distortion analysis with Capek’s approach shows that The Ginzburg V has very reasonable distortions. In terms of angle distortion Ginzburg 1966 is the best alternative. Because the forward and inverse transformations of these projections are known, these projections can be used for GIS applications at world-scale. Especially, the Ginzburg V is suggested for world maps. 
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Figure 2: Distortion distribution of Ginzburg IV projection 

a) area distortion, b) angle distortion
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Figure 3: Distortion distribution of Ginzburg V projection 

a) area distortion, b) angle distortion 
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Figure 4: Distortion distribution of Ginzburg IV projection 

a) area distortion, b) angle distortion
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Figure 5: Distortion distribution of Ginzburg 1966 projection 

a) area distortion, b) angle distortion
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Appendix A: Distortions for The Ginzburg IV Projection
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	x
	y
	h
	k
	a
	b
	p
	w

	0
	0
	0.000
	0.000
	1.00
	0.90
	1.00
	0.90
	0.90
	6.02

	0
	20
	0.314
	0.000
	1.01
	0.90
	1.01
	0.90
	0.91
	6.56

	0
	40
	0.629
	0.000
	1.04
	0.90
	1.04
	0.90
	0.93
	8.17

	0
	60
	0.943
	0.000
	1.09
	0.90
	1.09
	0.90
	0.98
	10.74

	0
	80
	1.257
	0.000
	1.15
	0.90
	1.15
	0.90
	1.04
	14.14

	0
	100
	1.571
	0.000
	1.24
	0.90
	1.24
	0.90
	1.11
	18.19

	0
	120
	1.886
	0.000
	1.34
	0.90
	1.34
	0.90
	1.21
	22.73

	0
	140
	2.200
	0.000
	1.46
	0.90
	1.46
	0.90
	1.32
	27.59

	0
	160
	2.514
	0.000
	1.60
	0.90
	1.60
	0.90
	1.44
	32.62

	0
	180
	2.828
	0.000
	1.76
	0.90
	1.76
	0.90
	1.58
	37.71

	20
	0
	0.000
	0.349
	1.00
	0.90
	1.00
	0.90
	0.90
	6.23

	20
	20
	0.294
	0.352
	1.01
	0.90
	1.03
	0.88
	0.91
	8.59

	20
	40
	0.588
	0.361
	1.05
	0.90
	1.08
	0.86
	0.93
	13.33

	20
	60
	0.882
	0.377
	1.12
	0.90
	1.16
	0.84
	0.98
	18.62

	20
	80
	1.175
	0.398
	1.21
	0.90
	1.26
	0.82
	1.04
	24.02

	20
	100
	1.468
	0.426
	1.32
	0.90
	1.37
	0.82
	1.12
	29.35

	20
	120
	1.761
	0.460
	1.45
	0.90
	1.50
	0.81
	1.21
	34.56

	20
	140
	2.052
	0.500
	1.59
	0.90
	1.64
	0.81
	1.33
	39.62

	20
	160
	2.343
	0.546
	1.76
	0.90
	1.80
	0.81
	1.46
	44.51

	20
	180
	2.632
	0.598
	1.94
	0.90
	1.97
	0.81
	1.61
	49.22

	40
	0
	0.000
	0.698
	1.00
	0.92
	1.00
	0.92
	0.92
	4.91

	40
	20
	0.245
	0.703
	1.02
	0.92
	1.04
	0.89
	0.93
	8.83

	40
	40
	0.490
	0.718
	1.06
	0.92
	1.11
	0.85
	0.95
	15.32

	40
	60
	0.734
	0.744
	1.13
	0.92
	1.21
	0.82
	0.99
	21.91

	40
	80
	0.977
	0.779
	1.23
	0.92
	1.31
	0.80
	1.05
	28.19

	40
	100
	1.219
	0.824
	1.35
	0.92
	1.43
	0.78
	1.12
	34.05

	40
	120
	1.458
	0.879
	1.48
	0.92
	1.56
	0.77
	1.21
	39.45

	40
	140
	1.694
	0.944
	1.63
	0.92
	1.71
	0.77
	1.31
	44.40

	40
	160
	1.928
	1.019
	1.79
	0.92
	1.86
	0.77
	1.43
	48.95

	40
	180
	2.159
	1.103
	1.97
	0.92
	2.03
	0.77
	1.57
	53.13

	60
	0
	0.000
	1.047
	1.00
	1.08
	1.08
	1.00
	1.08
	4.52

	60
	20
	0.189
	1.052
	1.01
	1.08
	1.11
	0.98
	1.09
	7.46

	60
	40
	0.377
	1.067
	1.04
	1.08
	1.17
	0.94
	1.10
	12.61

	60
	60
	0.564
	1.093
	1.09
	1.08
	1.24
	0.90
	1.12
	17.99

	60
	80
	0.750
	1.128
	1.15
	1.08
	1.32
	0.88
	1.15
	23.23

	60
	100
	0.933
	1.173
	1.23
	1.08
	1.40
	0.85
	1.19
	28.19

	60
	120
	1.114
	1.228
	1.32
	1.08
	1.49
	0.83
	1.24
	32.81

	60
	140
	1.291
	1.293
	1.42
	1.08
	1.58
	0.82
	1.30
	37.07

	60
	160
	1.465
	1.367
	1.52
	1.08
	1.68
	0.81
	1.36
	40.97

	60
	180
	1.634
	1.450
	1.63
	1.08
	1.79
	0.80
	1.44
	44.51

	80
	0
	0.000
	1.396
	1.00
	1.97
	1.97
	1.00
	1.97
	38.25

	80
	20
	0.120
	1.399
	1.03
	1.97
	1.99
	0.99
	1.98
	39.01

	80
	40
	0.239
	1.408
	1.10
	1.97
	2.04
	0.98
	2.00
	41.12

	80
	60
	0.358
	1.422
	1.22
	1.97
	2.11
	0.96
	2.02
	44.28

	80
	80
	0.476
	1.442
	1.37
	1.97
	2.21
	0.93
	2.06
	48.11

	80
	100
	0.593
	1.467
	1.53
	1.97
	2.33
	0.91
	2.11
	52.25

	80
	120
	0.708
	1.498
	1.71
	1.97
	2.46
	0.88
	2.17
	56.47

	80
	140
	0.822
	1.535
	1.90
	1.97
	2.61
	0.86
	2.24
	60.58

	80
	160
	0.935
	1.577
	2.10
	1.97
	2.76
	0.84
	2.31
	64.49

	80
	180
	1.044
	1.624
	2.30
	1.97
	2.92
	0.82
	2.40
	68.13


Appendix B: Distortions for The Ginzburg V Projection
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	x
	y
	h
	k
	a
	b
	p
	w

	0
	0
	0.000
	0.000
	1.00
	0.82
	1.00
	0.82
	0.82
	11.18

	0
	20
	0.287
	0.000
	1.01
	0.82
	1.01
	0.82
	0.83
	11.57

	0
	40
	0.574
	0.000
	1.03
	0.82
	1.03
	0.82
	0.84
	12.71

	0
	60
	0.861
	0.000
	1.06
	0.82
	1.06
	0.82
	0.87
	14.56

	0
	80
	1.148
	0.000
	1.11
	0.82
	1.11
	0.82
	0.91
	17.04

	0
	100
	1.435
	0.000
	1.17
	0.82
	1.17
	0.82
	0.96
	20.06

	0
	120
	1.723
	0.000
	1.24
	0.82
	1.24
	0.82
	1.02
	23.51

	0
	140
	2.010
	0.000
	1.33
	0.82
	1.33
	0.82
	1.09
	27.30

	0
	160
	2.297
	0.000
	1.43
	0.82
	1.43
	0.82
	1.18
	31.32

	0
	180
	2.584
	0.000
	1.54
	0.82
	1.54
	0.82
	1.27
	35.48

	20
	0
	0.000
	0.349
	1.00
	0.84
	1.00
	0.84
	0.84
	9.69

	20
	20
	0.277
	0.351
	1.01
	0.84
	1.01
	0.84
	0.85
	10.34

	20
	40
	0.554
	0.358
	1.03
	0.84
	1.03
	0.84
	0.86
	12.12

	20
	60
	0.831
	0.368
	1.06
	0.84
	1.07
	0.83
	0.89
	14.64

	20
	80
	1.107
	0.383
	1.10
	0.84
	1.12
	0.82
	0.92
	17.64

	20
	100
	1.383
	0.402
	1.16
	0.84
	1.18
	0.82
	0.96
	20.94

	20
	120
	1.659
	0.426
	1.23
	0.84
	1.25
	0.81
	1.02
	24.45

	20
	140
	1.935
	0.454
	1.31
	0.84
	1.33
	0.81
	1.08
	28.09

	20
	160
	2.210
	0.485
	1.40
	0.84
	1.42
	0.81
	1.15
	31.83

	20
	180
	2.484
	0.522
	1.51
	0.84
	1.52
	0.81
	1.23
	35.61

	40
	0
	0.000
	0.698
	1.00
	0.93
	1.00
	0.93
	0.93
	4.32

	40
	20
	0.248
	0.701
	1.01
	0.93
	1.02
	0.91
	0.93
	6.58

	40
	40
	0.496
	0.711
	1.02
	0.93
	1.06
	0.88
	0.94
	10.78

	40
	60
	0.743
	0.726
	1.05
	0.93
	1.12
	0.85
	0.95
	15.31

	40
	80
	0.990
	0.748
	1.09
	0.93
	1.17
	0.83
	0.97
	19.83

	40
	100
	1.237
	0.776
	1.15
	0.93
	1.23
	0.81
	0.99
	24.24

	40
	120
	1.482
	0.811
	1.20
	0.93
	1.30
	0.79
	1.02
	28.47

	40
	140
	1.727
	0.851
	1.27
	0.93
	1.37
	0.77
	1.06
	32.49

	40
	160
	1.970
	0.898
	1.34
	0.93
	1.45
	0.76
	1.10
	36.30

	40
	180
	2.212
	0.951
	1.42
	0.93
	1.53
	0.75
	1.14
	39.88

	60
	0
	0.000
	1.047
	1.00
	1.17
	1.17
	1.00
	1.17
	8.95

	60
	20
	0.204
	1.050
	1.01
	1.17
	1.19
	0.98
	1.17
	10.96

	60
	40
	0.408
	1.057
	1.03
	1.17
	1.24
	0.94
	1.17
	15.50

	60
	60
	0.612
	1.070
	1.06
	1.17
	1.30
	0.90
	1.16
	20.93

	60
	80
	0.815
	1.087
	1.10
	1.17
	1.36
	0.85
	1.16
	26.67

	60
	100
	1.018
	1.109
	1.15
	1.17
	1.43
	0.80
	1.15
	32.50

	60
	120
	1.220
	1.137
	1.21
	1.17
	1.50
	0.76
	1.14
	38.31

	60
	140
	1.421
	1.169
	1.28
	1.17
	1.58
	0.72
	1.13
	44.06

	60
	160
	1.622
	1.206
	1.35
	1.17
	1.65
	0.68
	1.12
	49.71

	60
	180
	1.822
	1.248
	1.43
	1.17
	1.74
	0.64
	1.10
	55.24

	80
	0
	0.000
	1.396
	1.00
	2.42
	2.42
	1.00
	2.42
	49.16

	80
	20
	0.147
	1.397
	1.01
	2.42
	2.43
	1.00
	2.42
	49.55

	80
	40
	0.294
	1.400
	1.06
	2.42
	2.46
	0.98
	2.41
	50.72

	80
	60
	0.441
	1.405
	1.12
	2.42
	2.49
	0.96
	2.40
	52.59

	80
	80
	0.588
	1.412
	1.21
	2.42
	2.54
	0.94
	2.38
	55.07

	80
	100
	0.734
	1.420
	1.31
	2.42
	2.61
	0.90
	2.35
	58.08

	80
	120
	0.881
	1.431
	1.43
	2.42
	2.68
	0.87
	2.32
	61.49

	80
	140
	1.027
	1.443
	1.56
	2.42
	2.76
	0.83
	2.28
	65.24

	80
	160
	1.173
	1.458
	1.69
	2.42
	2.85
	0.79
	2.24
	69.22

	80
	180
	1.320
	1.474
	1.83
	2.42
	2.95
	0.74
	2.19
	73.39


Appendix C: Distortions for The Ginzburg VI Projection
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	x
	y
	h
	k
	a
	b
	p
	w

	0
	0
	0.000
	0.000
	0.99
	0.83
	0.99
	0.83
	0.82
	10.44

	0
	20
	0.289
	0.000
	1.00
	0.83
	1.00
	0.83
	0.83
	10.69

	0
	40
	0.579
	0.000
	1.01
	0.83
	1.01
	0.83
	0.84
	11.42

	0
	60
	0.868
	0.000
	1.03
	0.83
	1.03
	0.83
	0.86
	12.62

	0
	80
	1.157
	0.000
	1.06
	0.83
	1.06
	0.83
	0.88
	14.26

	0
	100
	1.446
	0.000
	1.10
	0.83
	1.10
	0.83
	0.91
	16.29

	0
	120
	1.736
	0.000
	1.15
	0.83
	1.15
	0.83
	0.95
	18.67

	0
	140
	2.025
	0.000
	1.21
	0.83
	1.21
	0.83
	1.00
	21.34

	0
	160
	2.314
	0.000
	1.27
	0.83
	1.27
	0.83
	1.05
	24.25

	0
	180
	2.603
	0.000
	1.34
	0.83
	1.34
	0.83
	1.11
	27.36

	20
	0
	0.000
	0.349
	1.01
	0.86
	1.01
	0.86
	0.87
	9.44

	20
	20
	0.281
	0.351
	1.02
	0.86
	1.02
	0.86
	0.87
	9.93

	20
	40
	0.562
	0.355
	1.03
	0.86
	1.04
	0.85
	0.88
	11.29

	20
	60
	0.843
	0.362
	1.06
	0.86
	1.07
	0.84
	0.90
	13.28

	20
	80
	1.124
	0.372
	1.09
	0.86
	1.10
	0.84
	0.93
	15.68

	20
	100
	1.405
	0.385
	1.13
	0.86
	1.15
	0.83
	0.96
	18.38

	20
	120
	1.686
	0.401
	1.18
	0.86
	1.20
	0.83
	1.00
	21.27

	20
	140
	1.967
	0.420
	1.25
	0.86
	1.27
	0.83
	1.05
	24.31

	20
	160
	2.247
	0.442
	1.32
	0.86
	1.34
	0.82
	1.10
	27.45

	20
	180
	2.527
	0.466
	1.39
	0.86
	1.41
	0.82
	1.16
	30.67

	40
	0
	0.000
	0.710
	1.06
	0.96
	1.06
	0.96
	1.02
	5.82

	40
	20
	0.256
	0.712
	1.07
	0.96
	1.08
	0.95
	1.02
	7.46

	40
	40
	0.512
	0.720
	1.09
	0.96
	1.12
	0.92
	1.03
	10.97

	40
	60
	0.768
	0.733
	1.12
	0.96
	1.17
	0.90
	1.05
	15.02

	40
	80
	1.023
	0.751
	1.17
	0.96
	1.23
	0.88
	1.08
	19.17

	40
	100
	1.278
	0.774
	1.23
	0.96
	1.30
	0.86
	1.12
	23.29

	40
	120
	1.533
	0.802
	1.30
	0.96
	1.37
	0.85
	1.16
	27.30

	40
	140
	1.786
	0.836
	1.38
	0.96
	1.45
	0.84
	1.22
	31.17

	40
	160
	2.040
	0.875
	1.46
	0.96
	1.54
	0.83
	1.28
	34.89

	40
	180
	2.292
	0.918
	1.56
	0.96
	1.63
	0.82
	1.35
	38.44

	60
	0
	0.000
	1.093
	1.14
	1.21
	1.21
	1.14
	1.38
	3.35

	60
	20
	0.211
	1.096
	1.15
	1.21
	1.25
	1.11
	1.39
	6.90

	60
	40
	0.422
	1.105
	1.19
	1.21
	1.32
	1.06
	1.40
	12.43

	60
	60
	0.633
	1.121
	1.24
	1.21
	1.40
	1.02
	1.43
	18.05

	60
	80
	0.843
	1.142
	1.31
	1.21
	1.49
	0.99
	1.47
	23.49

	60
	100
	1.053
	1.170
	1.40
	1.21
	1.59
	0.96
	1.52
	28.66

	60
	120
	1.261
	1.204
	1.50
	1.21
	1.69
	0.93
	1.58
	33.52

	60
	140
	1.468
	1.244
	1.62
	1.21
	1.80
	0.91
	1.65
	38.03

	60
	160
	1.675
	1.290
	1.74
	1.21
	1.92
	0.90
	1.73
	42.21

	60
	180
	1.879
	1.342
	1.87
	1.21
	2.04
	0.89
	1.82
	46.05

	80
	0
	0.000
	1.510
	1.26
	2.35
	2.35
	1.26
	2.95
	35.37

	80
	20
	0.143
	1.513
	1.28
	2.35
	2.36
	1.26
	2.97
	35.65

	80
	40
	0.285
	1.521
	1.33
	2.35
	2.39
	1.25
	3.00
	36.44

	80
	60
	0.427
	1.534
	1.42
	2.35
	2.45
	1.25
	3.06
	37.67

	80
	80
	0.568
	1.553
	1.53
	2.35
	2.51
	1.25
	3.14
	39.24

	80
	100
	0.709
	1.577
	1.67
	2.35
	2.60
	1.25
	3.25
	41.05

	80
	120
	0.848
	1.606
	1.82
	2.35
	2.70
	1.25
	3.38
	42.99

	80
	140
	0.987
	1.640
	1.99
	2.35
	2.81
	1.26
	3.53
	44.98

	80
	160
	1.124
	1.680
	2.16
	2.35
	2.94
	1.26
	3.71
	46.95

	80
	180
	1.259
	1.724
	2.35
	2.35
	3.07
	1.27
	3.90
	48.87


Appendix D: Distortions for The Ginzburg 1966 (IX) Projection
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	x
	y
	h
	k
	a
	b
	p
	w

	0
	0
	0.000
	0.000
	1.00
	0.84
	1.00
	0.84
	0.84
	9.70

	0
	20
	0.295
	0.000
	1.00
	0.84
	1.00
	0.84
	0.85
	9.96

	0
	40
	0.589
	0.000
	1.02
	0.84
	1.02
	0.84
	0.86
	10.72

	0
	60
	0.884
	0.000
	1.04
	0.84
	1.04
	0.84
	0.88
	11.97

	0
	80
	1.178
	0.000
	1.07
	0.84
	1.07
	0.84
	0.90
	13.67

	0
	100
	1.473
	0.000
	1.11
	0.84
	1.11
	0.84
	0.94
	15.77

	0
	120
	1.768
	0.000
	1.16
	0.84
	1.16
	0.84
	0.98
	18.23

	0
	140
	2.062
	0.000
	1.22
	0.84
	1.22
	0.84
	1.03
	20.99

	0
	160
	2.357
	0.000
	1.29
	0.84
	1.29
	0.84
	1.09
	24.00

	0
	180
	2.652
	0.000
	1.36
	0.84
	1.36
	0.84
	1.15
	27.20

	20
	0
	0.000
	0.349
	1.00
	0.87
	1.00
	0.87
	0.87
	8.05

	20
	20
	0.285
	0.351
	1.01
	0.87
	1.01
	0.87
	0.87
	8.71

	20
	40
	0.570
	0.355
	1.02
	0.87
	1.03
	0.86
	0.88
	10.45

	20
	60
	0.855
	0.363
	1.05
	0.87
	1.06
	0.85
	0.90
	12.85

	20
	80
	1.140
	0.373
	1.08
	0.87
	1.11
	0.84
	0.93
	15.63

	20
	100
	1.424
	0.386
	1.13
	0.87
	1.16
	0.83
	0.96
	18.63

	20
	120
	1.709
	0.403
	1.19
	0.87
	1.21
	0.83
	1.01
	21.79

	20
	140
	1.993
	0.422
	1.25
	0.87
	1.28
	0.82
	1.06
	25.03

	20
	160
	2.277
	0.445
	1.32
	0.87
	1.35
	0.82
	1.11
	28.34

	20
	180
	2.561
	0.470
	1.41
	0.87
	1.44
	0.82
	1.18
	31.68

	40
	0
	0.000
	0.698
	1.00
	0.97
	1.00
	0.97
	0.97
	1.82

	40
	20
	0.259
	0.701
	1.01
	0.97
	1.03
	0.95
	0.97
	4.64

	40
	40
	0.518
	0.709
	1.03
	0.97
	1.07
	0.92
	0.98
	8.69

	40
	60
	0.777
	0.722
	1.06
	0.97
	1.12
	0.90
	1.00
	12.80

	40
	80
	1.035
	0.740
	1.10
	0.97
	1.18
	0.88
	1.03
	16.85

	40
	100
	1.293
	0.763
	1.16
	0.97
	1.24
	0.86
	1.07
	20.80

	40
	120
	1.550
	0.792
	1.22
	0.97
	1.31
	0.85
	1.11
	24.63

	40
	140
	1.807
	0.826
	1.30
	0.97
	1.38
	0.84
	1.16
	28.32

	40
	160
	2.063
	0.865
	1.38
	0.97
	1.47
	0.83
	1.22
	31.88

	40
	180
	2.319
	0.909
	1.47
	0.97
	1.55
	0.83
	1.29
	35.30

	60
	0
	0.000
	1.047
	1.00
	1.28
	1.28
	1.00
	1.28
	13.89

	60
	20
	0.223
	1.050
	1.01
	1.28
	1.28
	1.00
	1.28
	14.34

	60
	40
	0.445
	1.060
	1.03
	1.28
	1.31
	0.99
	1.30
	15.62

	60
	60
	0.667
	1.076
	1.07
	1.28
	1.34
	0.99
	1.32
	17.50

	60
	80
	0.888
	1.099
	1.12
	1.28
	1.39
	0.98
	1.36
	19.77

	60
	100
	1.109
	1.128
	1.19
	1.28
	1.44
	0.98
	1.41
	22.26

	60
	120
	1.328
	1.163
	1.26
	1.28
	1.51
	0.97
	1.47
	24.85

	60
	140
	1.547
	1.205
	1.35
	1.28
	1.58
	0.97
	1.53
	27.47

	60
	160
	1.764
	1.253
	1.44
	1.28
	1.66
	0.97
	1.61
	30.07

	60
	180
	1.980
	1.307
	1.54
	1.28
	1.74
	0.98
	1.70
	32.63

	80
	0
	0.000
	1.396
	1.00
	2.89
	2.89
	1.00
	2.89
	58.08

	80
	20
	0.175
	1.400
	1.02
	2.89
	2.89
	1.01
	2.91
	57.78

	80
	40
	0.350
	1.411
	1.06
	2.89
	2.90
	1.03
	2.98
	56.90

	80
	60
	0.524
	1.429
	1.13
	2.89
	2.91
	1.06
	3.10
	55.48

	80
	80
	0.697
	1.455
	1.23
	2.89
	2.93
	1.11
	3.26
	53.60

	80
	100
	0.868
	1.488
	1.34
	2.89
	2.96
	1.17
	3.47
	51.34

	80
	120
	1.039
	1.528
	1.47
	2.89
	2.99
	1.24
	3.72
	48.79

	80
	140
	1.207
	1.576
	1.61
	2.89
	3.03
	1.33
	4.02
	46.07

	80
	160
	1.374
	1.630
	1.77
	2.89
	3.07
	1.42
	4.36
	43.27

	80
	180
	1.537
	1.691
	1.93
	2.89
	3.13
	1.52
	4.74
	40.50
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