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OPTIMIZING MAP PROJECTIONS FOR EQUILIBRIUM AND MINIMAL DISTORTION IN

PROVINCIAL CONSTRUCTION PROJECTS
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ABSTRACT

The Universal Transverse Mercator (UTM) projection is widely used in design and construction projects in Thailand. However,
in some areas, it may introduce linear distortions of up to 965 ppm. Therefore, the linear distortion caused by the UTM projection
is considered a significant systematic error. This study investigates the design of Low Distortion Projections (LDP) at the
provincial level, including Transverse Mercator (TM), Lambert Conformal Conic Projection (LCC), and Oblique Mercator
(OMC). The research highlights the importance of "urban areas,” where construction frequently occurs. These areas often have
terrain elevations higher or lower than the average topographic surface, necessitating the development of a provincial LDP with
a Combined Scale Factor (CSF) between -20 ppm and +20 ppm, covering over 80% of urban areas.Furthermore, an optimal
balance for construction project LDPs is sought, with CSF values ranging between -10 ppm and +10 ppm.Using Phayao Province
as a case study, specifically the Denchai - Chiang Rai - Chiang Khong railway project, Contract 2 (Ngao - Chiang Rai section),
it was found that the Transverse Mercator LDP was the most suitable. This projection resulted in a provincial CSF range of -18
to +17 ppm and a project-specific CSF range of -8 to +8 ppm. Horizontal and vertical distortions were also analyzed using LDP
parameters from control points within the project. The results revealed horizontal and vertical deviations ranging from -6 to +6
millimeters, demonstrating that a combined scale factor was unnecessary in practice. Selecting an appropriate LDP can
significantly reduce errors in design and construction caused by map distortions. It is anticipated that Low Distortion Projections
will play a more prominent role in Thailand's construction industry in the future.

KEYWORDS: Low Distortion Map Projection; Transverse Mercator Projection; Lambert Conformal Conic Projection; Oblique

Mercator Projection; Combined Scale Factor; PROJ
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CSF Less Than 20 ppm Covering Urban Area (%)
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*¥*% [1] Topography Reviewing ... *%%
MSL UNDUL HAE HSF
count 504 504 504 504

mean 393 -38 289 -56
std 37 0 37 6
min 281 -38 203 -79
25% 381 -38 303 -57
50% 389 -38 301 -55
75% 402 -38 313 -54
max 539 -38 451 -38

Mean topo MSL over ROI : 393 m.
Mean topo HAE over ROI : 289 m.
k_© PP coincided with topo : 1.0000500 (exact 7-digit)

o : ! { A : ¢ {
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MMINN 1 wlmeimudomsniounuil PROJ veadiniangienitnannmsnigaaugaved 1nginisq

CODE PROJ PARAMETER

TMC proj=tmerc +lat 0=0° +lon_0=100°11" +k_0=1.000050 +x_0=+35000 +y 0=-2000000

+a=6378137 +b=6356752.3142 +units=m

LCC proj=lcc +lat 0=19°14' +lon_0=100°11" +k_0=1.000050 +x_0=35000 +y 0=-2000000
+a=6378137 +b=6356752.3142 +units=m

OMC proj=omerc +lat_0=0° +lon=100°11" +k_0=1.000050 +x_0=+35000 +y_0=-2000000

+alpha= -2 +a=6378137.0 +b=6356752.3142 +units=m +no_defs
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' s { S o
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1A9339 (CSF) Mintoniuneiawemmesusiamaulninesinaeegh 58 uaz 3 ppm gud1ey Mmintouaubinaou
Wosuealndialimamnaunnesmasedii 67 uaz 11 ppm AudeY tazmMInewesamesunudsslimamnauvnmesinde
91 64 1108 ppm MNAIAY

A dy 'o [ o 79 Y v 1 Y 1 o = S
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Vﬂi%ﬁ‘ﬁ 2 ﬂ??uﬂa?ﬂlﬂéﬂuTITQiTULlagW?Qa‘\i”llﬂﬂﬂuﬂﬂﬂﬂﬂuﬂ?ﬂi?ﬂﬁqﬁﬂﬂﬁﬂﬂ
Design As-Built Diff.N | Diff.E |DiffElev.
Name
Northing (m.) | Easting (m.) | Elev. (m.) | Northing (m.) | Easting (m.) | Elev. (m.) (m.) (m.) (m.)
CK152-1 108298.083 8154.353 417.522 108298.082 8154.357 417.525 | 0.001 | -0.004 | -0.003
CK152-2 108386.951 8132.280 417.365 108386.958 8132.281 417359 | -0.007 | -0.001 | 0.006
CK4-281 127655.414 12246.790 383.475 127655.419 12246.790 383.480 | -0.005 | 0.000 | -0.005
CK4-282 127803.252 12301.844 383.505 127803.246 12301.837 383.505 | 0.006 | 0.007 0.000
CK4-283 128406.371 12459.176 383.423 128406.373 12459.176 383.428 | -0.002 | 0.000 | -0.005
CK4-284 128328.037 12587.121 383.586 128328.032 12587.127 383.571 0.005 | -0.006 0.016

4 2 2 ] Yy 9 . y
Gl‘Llﬂﬁﬂﬂﬁ’é]‘ﬂﬂ’J'lllﬂa'lmﬂﬁ’ﬁ]uﬂ'lﬁiWULla&’ﬂNﬂQﬂlﬂ\iﬁﬁﬂﬂ’diN vz l¥ndestlszuranasov (Total Station) 1nmz

a s P ~ A yan & Y . A ¥y = A 9
NITTNLNDT ﬂTﬁLﬂmL‘V\Iﬂm’f]ﬁﬂ"ﬁﬂ'lillmu‘ﬂ (ko) A0 1 %Glmmﬂmau"mmu Non-Prism lfL!’E'Ni]'lﬂq’ﬂﬁﬁ5ﬂﬂ'l§l‘1]'lﬂ\1ﬁ\1ﬂ@ﬂﬁ1\1

a ?

o—

U

tidaTaeseu Tudruvesveyadumuaniesiunazneasuesdanedd ez lveyanvennueyms1zion Tasanisa i
Y

I 4 ° ° ' A o { { % o ' v o oA °
Hudeyaiionsesnuuy udnhunda vt Tagldmnimesmsmieununanasan 2 Fudluauderdudun ldmuiu

%@yjﬂﬂ]ﬂﬂ“ﬁuﬂﬂ?ﬂﬂﬂ INMINATOUANUADIANADUN T IVUALNIAIYDIATUVI VDI HIULALHOADUNT AW AN

NUNANUA[TIALAEG

'
A

BUNNIIVUAZNNABEY TUTLAVIBUAINATAIAITIN 3 182A13190 4 WAL

9'”51\3‘?; 3 ﬂ'f]']llﬂa’]ﬂlﬂéf]uﬂ'Ni']‘]J!.l,a&"Vl'Nﬁﬂﬂlﬂﬂﬂ']uﬂl'ﬂﬂﬂlﬂﬂﬁ&’W']u (Cross Beam)
Design As-Built Diff.N | Diff.E |Diff.Elev.
Name

Northing (m.) | Easting (m.) | Elev. (m.) | Northing (m.) | Easting (m.) | Elev.(m.) | (m.) (m.) (m.)
P71-451 108233.462 8249.724 424.854 108233.450 8249.755 424.850 0.012 -0.031 0.004
P71-452 108236.280 8258.064 424.854 108236.265 8258.033 424.837 0.015 0.031 0.017
P71-453 108234.291 8258.736 424.854 - - - - - -
P71-454 108231.472 8250.397 424.854 108231.513 8250.394 424.830 | -0.041 0.003 0.024
P72-451 108261.893 8240.116 424.554 108261.883 8240.121 424.511 0.010 -0.005 0.043
P72-452 108264.711 8248.456 424.554 - - - - - -
P72-453 108262.721 8249.129 424.554 108262.739 8249.108 424.526 -0.018 0.021 0.028
P72-454 108259.903 8240.788 424.554 108259.931 8240.794 424.531 -0.028 | -0.006 0.023
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Vﬂi%ﬁ‘ﬁ 4 ﬂ'ﬂllﬂa?ﬂlﬂéﬂuvﬂx‘ﬁqﬂllag“VHQ?N”U'E'NﬂTHﬂIUWQﬂlﬂﬂﬁﬂﬂﬂuﬂ%ﬁlﬁéﬂﬂ (Box Culvert)
Design As-Built Diff.N | Diff.E |Diff.Elev.
Name
Northing (m.) | Easting (m.) | Elev. (m.) | Northing (m.) | Easting (m.) | Elev. (m.) (m.) (m.) (m.)
RCB-8-1 127847.393 12253.015 386.450 127847.387 12253.014 386.390 | 0.006 | 0.001 0.060
RCB-8-2 127842.137 12270.759 386.350 - - - - - -
RCB-8-3 127837.341 12269.338 386.350 127837.349 12269.328 386.355 | -0.008 | 0.010 | -0.005
RCB-8-4 127842.597 12251.595 386.450 127842.567 12251.591 386.421 0.030 | 0.004 0.029
RCB-9-1 128422.872 12423.483 386.250 128422.7953 | 12423.5014 | 386.2409 | 0.077 | -0.018 | 0.009
RCB-9-2 128417.616 12441.226 386.150 - - - - - -
RCB-9-3 128412.820 12439.806 386.150 128412.8348 | 12439.7956 | 386.1144 | -0.015 | 0.010 0.036
RCB-9-4 128418.076 12422.061 386.250 128418.0868 | 12422.1064 | 386.2405 | -0.011 | -0.045 | 0.010

fA1N2WAN (Difference) NINNANTTIVLAZAITZAUNNAIDINTNATOVYOINYANIIANLAL TINDH3 19 1AAIINITNS

ax < Ao ' @ 4 [ .
nadou IagasmsinudeyannauazA1seAULDY RTK 91003095 Ud Q019 GNSS 1821 Non-Prism 91nn8041l5z17a
1 v v
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