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A Comparative Study of Transverse Cylindrical Projection Functions
by A Series of Numerical Simulations
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Abstract

The transverse cylindrical projection has been used in Korea since 1910s when the nationwide geodetic
network was firstly established. However, the projection has a number of different types of functions according
to a way of its mathematical derivation as well as a section of its coefficients and terms, for instance Gauss-
Schreiber(GS) and Gauss-Kriiger(GK) types. Although the transverse cylindrical projection itself is assigned to
a system, projected coordinates would be diverse with respect to the function used in the actual calculation. In
order to investigate impact of functions used in the computation, five different equations (i.e., 2 GS and 3 GK)
were implemented in this study by using MATLAB. A series of numerical simulation tests has been carried
out to compare and characterize them in terms of projection accuracy, difference of projected coordinates and
distortion. Furthermore, a comparison between GS and GK function was made under the Korean gridding
system, consisting of four zones. Results from the numerical computations were qualitatively analyzed and
summarized in this paper.

Keywords : Numerical Simulation, Transverse Cylindrical Projection, Projection Function, Distortion, Scale
Factor
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2.3 Gauss—Kriiger(GK) £&&t+

EFdA A :[Lxﬂi qer =
ket Ak B3-S sidskr] f18ke] Kriiger= Gauss
2} Schreiber 0|22 7|2 & 3lo] ElYAS FYEo R 7
AP =odo] Fhsat 4 19124e] Aon,
Hol| A= Gauss-Kriier(GK) £9 02 2-2jtfgtoA= T™M
(Transverse Mercator) 550 &2 4#A ek 2719 GK &
el A el = = EoJHo|E T Heko 2
TIe o = A|gtsto] 285131 o, 20471 FHkoll FFR
10°~12°742] A-g-sh= gt FFT47F AR Srk(Redfearn,
1948). FA| Redfearn ZA1}A|Q1 SheutS: A|A| 31904,
Thomas(1952)= FAI A - E17gS 3k GK T3t
2 Aeksioir). wheb GSeh GK 592 B g5

Jo fgAo R FUsh, FAIR] £ l Hagh Gsef
H]3) GK £ AlAF Ax7} ehesal SR 224147}
Feeol7] wiell HEE o) Ayl aﬁl ARl 5
A& 7

GK St HUATLA A X3
of FUALAT AASHT o] o] FAALT} et =
7HA] 271 AFgsle] GEgkcH(Deakin, 2004). A WA &
SYALA ()0l =L EUrﬁ(Y)ﬂ 0 o x=}
H= A= Bt TR, x=f(w)olH, YRRE T

A9 4t X}Ol( Aol et ﬂ#e}_ A2 ool
E3F & WA 208 YEEE7E 09 SRR A X
ZAA 49} Z}i/\ﬂiﬂ(merldlan distance)©] (X = kym)°]
2 Jlolck wehH GK £9art Sag)w ol Foape M
o} Aol gt T B 4TS AHg okl 1 A 1}

ol

e 218)3 2k
X+ Yi=f(@, wi) ®8)
Al®)& FUALAL gt Hofl thsf T Tﬂl o] Taylor &

G AV B TAIB B Aot Bl e S 4

9)e} Zo] yreld 4= ]Itk (Cho, 1996, Deankm, 2010).

2 52 4 4 6 16 8
X:k“{m_w_dm w_dnL_u)_dm+u) d*m }(9)
20 qur Al gt 6 quf LI?‘
3 73 5 5 7o
Y=k, dm w der‘Ld”rL,idm,_,
RTAETE a5 g T qy’

A9)0llA FF =5
O] A= AT} dm/aw 2 _Tlx]— EaL o—]tg;“ 3 Ao}
5= Aotk wela GK BYeH49] = o]& ZAIE 4
Alfmof whedsts WHol| whal xjolz} dhAyat, 2 e
2| Ao A g1 Table 13} 2Tk

w

= SIA E
Jetr &

0x

317

FAAHES 98] GS W GK T35+
a2 EQojQl MATLABe] 2Jsf 7+ st =
A AFe] A-9Es A 2 AAES Bl
A7) w0 Bk A2 HAk o) 46} 23] 3|42 1}
Holl tfal] 2712](GS-1, GS-2)& Uitk o]e} 317 GS $hH4=

][‘

Table 1. GK projection functions investigated in the numerical simulations

Projection function Characteristic Reference

Redfearn-Thomas Consisting of the 4th term of the power series_ and firstly pr_oposed Redearn(1945)
by Redfearn. However, its mathematical derivation was given by
(GK-1) Th Thomas(1952)
omas.

Hooijberg Terms and coefficients of the GK-1 function were algebraically Hooijbeg(1997)
(GK-2) manipulated to optimize the numerical operation. Hooijbeg(2008)
Simplified Consisting of the 2nd or 3rd term of the series for the application of Thomas(1952)

(GK-3) small band, about 2 or 3 degrees each side of the central meridian. NGII(2005)

Table 2. Range of the numerical simulations for a comparison of the cylindrical projection functions

Reference ellipsoid BESSEL 1841

Projection origin

Latitude: N38°, Longitude of Central Meridian: E127°

Range

Latitude: N32° ~ N44°(A total of 12°), Latitude: E121°~ E133° (A total of 12°)

Grid 1'x1" of latitude and longitude (A total of 518,400 points)
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Figure 1. Projection accuracy of GS-1 function
in the northing (unit: mm)

Figure 2. Projection accuracy of GS-1 function
in the easting (unit: mm)
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Figure 3. Projection accuracy of GS-2 function
in the northing (unit: mm)

Figure 4. Projection accuracy of GS-2 function
in the easting (unit: mm)
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Figure 5. Absolute values of projected coordinate
differences between GS-1 and 2 in the northing (unit: mm)
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Figure 6. Absolute values of projected coordinate
differences between GS-1 and 2 in the easting (unit: mm)
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Figure 9. Projection accuracy of GK-1 function
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Figure 10. Projection accuracy of GK-3 function
in the northing (unit: mm)
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Figure 11. Projection accuracy of GK-3 function
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Figure 12. Absolute values of projected coordinate
differences between GK-1 and 2 in the northing (unit: mm)
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Figure 13. Absolute values of projected coordinate
differences between GK-1 and 2 in the easting (unit: mm)
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Figure 14. Absolute values of projected
coordinate differences between GK-1 and GS-2
in the northing (unit: mm)
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Figure 16. Differences of scale factors between
GK1 and GS2
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Figure 17. Projected coordinate differences in the northing
between GS and GK in the Korean system

Figure 18. Projected coordinate differences in the easting
between GS and GK in the Korean system
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Figure 19. Projected coordinate differences
in the northing between GS and GK with respect
to the Korean system depending on latitudes
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Figure 20. Projected coordinate differences in
the easting between GS and GK with respect to
the Korean system depending on latitudes
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Figure 21. Two dimensional differences of
projected coordinates between GS and GK with
respect to the Korean system
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Table 3. Differences of projected areas between GS and GK function in N33°15" and E126°11" as well as
their tolerances depending on computation scopes

Computation range 30”x30” 'x1’ 10"x10 20"x20 1°x1°
Area differences on 1.6m’ 6.4m’ 616.2m” 5,074.0m 17,563.5m”
projected plane
T‘(’:‘/’;g(‘)‘)ce 286.3m” 572.6m’ 5,723.7m’ 17,155.0m” 34,260.9m”
Area on Ellipsoid 0.7m? 2.9m? 286m? 2,576m? 10,274m?

Table 4. Statistics of projected area distortion computed with respect to 10"x10” (latitude and longitude)

Function Mean Maximum Standard deviation
Distortion Rate Distortion Rate Distortion Rate
0.006415% 2 0.0217841% 2
GS 4.832m* 17.417m +4.404m +0.005789%
(1/15,589) (1/4,591)
0, 0,
GK 4.831m* 0('10/(1)2‘;1926;" 17.214m? 0&?/2;212)”’ +4395m% | +0.005786%
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Figure 25. Errors of projected areas propagated
by those of surveying with respect to 10”x10”
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