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ABSTRACT

This research has defined the principles of design for Low Distortion Map Projection (LDP) for construction project and developed
computer software aided map projection design. Designer could define map projection parameters by specify popular PROJ string
format. A software system “LDP_Colab” under Google Colab has been developed for any users can immediately use without
installation. The software reads user-defined corridors, produces sampling points within the area and visualizes map results. The
LDP Colab reads orthometric height from SRTM15+V2.1 dataset together with the Earth Gravitation Model 2008 (EGM2008)
and produces height scale factor (HSF). According to map projection definitions, software calculates point scale factor (PSF) and
then combined scale factor (CSF) over the study area. These CSF values should be within threshold of negligible +£20 ppm. The
result CSF for each LDPs will reflect the efficiency for further deployment in the surveying, design and construct works. The
research has also analyzed how to optimally apply LDP with traditional UTM map projection in the project. The designated LDP
definitions and calculated grid coordinates have been validated with other GIS software e.g., GeographicLib and Global Mapper
to ensure numerical accuracy and map projection compatibility.

KEYWORD: Low Distortion Map Projection (LDP); Combined Scale Factor (CSF); Transverse Mercator Projection (TM);

Lambert Conformal Conic Projection (LCC); Oblique Mercator (OMC); PROJ; PROJCS WKT
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i
2 # Example for Low Distortion Projection design
3 #
4 KML : DCOH_107 CDOW.kml # a linestring or a polygon in GE
5 GRID : # 1 : 10, 2: 100, 3: 1000
6 BUFF : # buffer for linestring
LDP

TMC : +proj=tmerc +lat_0=19.55 +lon_0=89.06666666666666 +k 0=1.0000847
10 +x_0=+20000 +y_0=+70000 +ellps=GRS80 +units=m +no_defs

O

11

12 LCC : proj=lcc +lon 0=99.06666666666666 +lat 0=19.55

13 +lat 1=19.55 +k _0=1.0000847 +x 0=20000 +y 0=+60000

14 +ellps=GRS80 +units=m +no_defs

16 OMC : proj=omerc +lat 0=19.55 +1lonc=99.06666666666666

17 +x_0=+20000 +y 0=+60000 +alpha=+40 +k 0=1.0000847

18 +ellps=GRS80 +units=m +no_defs
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Input Linestring with length 37,278 m.
*** [1] Topography Reviewing ... ***
MSL UNDUL HAE HSF
count 1,041 1,041 1,041 1,041

mean 579 -39 539 -85
std 89 (%] 89 14
min 421 -39 381 -142
25% 539 -39 499 -91
50% 575 -39 535 -84
75% 619 -39 579 -78
max 946 -39 906 -60

Mean topo MSL over ROI : 579 m.

Mean topo HAE over ROI : 539 m.
k_@ PP coincided with topo : 1.0000847 (exact 7-digit)
Mean Latitude of ROI ¢ ('19°33’"', 19.55)
Mean Longitude of ROI : ('99°04'', 99.06666666666666)
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Topography SRTM15+ (GSD=450m) and Geoid Model EGM-2008

Mean Sea Level : MSL (meter)

MSL(meter)

900

Height Scale Factor from HAE : HSF in ppm
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4.1 mimmmuﬁsmummmmimmmmai (Transverse Mercator: TMC)

@ a

4 o a 7o 1 ' s A { '
!ﬁﬁ]ﬂ1ﬁuﬂw1§13Jm’é]§ﬁ1ﬂﬂm11|11lﬂ1llﬂﬁﬂiﬂlmu‘ﬁ PROJ i]z"lﬁ'mammmlﬂmaigﬁmmﬂmimmmuﬁgm (PSF) [317]

5]

1199 +85 014 +86 ppm Lﬁaﬁﬂﬂﬁﬂﬁmamimﬁuﬁmmauwﬂmaiﬁmmmgagﬁﬂimﬁ (HSF) M 1fiAams saveiv
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TMC : +proj=tmerc +lat_©=19.55 +lon_0=99.0666666666667 +k=1.0000847
+X_0=20000 +y_0=60000 +ellps=GRS80 +units=m +no_defs +type=crs
TMC_E TMC_N TMC_PSF TMC_CSF
count 1,041 1,041 1,041 1,041

mean 69,096 19,741 85 0
std 6,454 4,834 0 14
min 57,310 10,998 85 -57
25% 63,311 16,002 85 -6
50% 70,413 19,307 85 1
75% 74,514 24,110 85 6
max 80,515 27,314 86 26

TMC : +proj=tmerc +lat_0=19.55 +lon_0=99.0666666666667 +k=1.0000847 +x_0=20000 +y_0=60000 +ellps=GRS80 +units=m +no_defs +type=crs
ppm ppm

20
Point Scale Factor : PSF in ppm 85.6 Combined Scale Factor : CSF in ppm
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19.600 - 19.600 -
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s s dwmSunsdimamiouuy TMC 9ne: unufitnaves PSF 421 iwuiitnadves CSF

y ad d a
4.2 f'lﬁﬂ1El!!Nuﬁ!!1J1J!!mJ!‘IJiﬂﬂf)‘tﬁ/‘lE)illﬁ)ﬂiﬂuﬂ‘l"l%ﬂm%uﬂlu]uu1ﬂi§114! 1184 (Lambert Conformal Conic Projection
with 1 standard parallels: LCC)
4 o a o W a { ) @ { ad s a
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° I 1
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LCC

¢ 4proj=lcc +lat_1=19.55 +lat_0=19.55 +lon_0=99.0666666666667 +k_0=1.0000847

+X_0=20000 +y_0=60000 +ellps=GRS80 +units=m +no_defs +type=crs

count
mean
std
min
25%
50%
75%
max

LCC_E LCC_N LCC_PSF LCC_CSF
1,041 1,041 1,041 1,041
59,096 19,741 85 0
6,454 4,834 0 14
47,310 10,998 85 -57
53,311 16,002 85 -6
60,413 19,307 85 1
64,514 24,110 86 7
70,515 27,314 87 26

LCC : +proj=lcc +lat_1=19.55 +lat_0=19.55 +lon_0=99.0666666666667 +k_0=1.0000847 +x_0=20000 +y_0=60000 +ellps=GRS80 +units=m +no_defs +type=crs
ppm
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Point Scale Factor : PSF in ppm
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a a
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Combined Scale Factor : CSF in ppm
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4.3 n1imﬂLmu‘ﬁgmmummmamnmam (Oblique Mercator: OMC)
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oMC :

+proj=omerc +lat_0=19.55 +1onc=99.0666666666667 +alpha=40 +gamma=40

+k=1.0000847 +x_0=20000 +y 0=60000 +ellps=GRS80 +units=m +no_defs +type=crs

OMC_E OMC_N OMC_PSF OMC_CSF
count 1,041 1,041 1,041 1,041
mean 59,096 19,741 85 -0
std 6,454 4,834 0 14
min 47,310 10,998 85 -58
25% 53,311 16,002 85 -6
50% 60,413 19,307 85 1
75% 64,514 24,110 85 6
max 70,515 27,314 85 25

C: +proj=omerc +lat_0=19.55 +lonc=99.0666666666667 +alpha=40 +gamma=40 +k=1.0000847 +x_0=20000 +y_0=60000 +ellps=GRS80 +units=m +no_defs +type=
ppm

Point Scale Factor : PSF in ppm
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fedruiiuziuny “TMC” 2 ldaiinan1sae LDP wionA1 HSF, PSF, CSF 8udi duaasluaisiedi 2

M3l 2 wamImuIuNNANI AYDINYAAILANIATINITAIINMINIBUAUN TMC 1ag CSF 1l

Tuszuumsmeusuianuaaiisudlugiuun LDP d1m5uns58in15R 1800 LDP A10AINABINITA

Stn ZONE| UTM_E UTM_N MSL TMC_E TMC_N |HSF| PSF | CSF
1 GPS.0107-057| 47 | 498,101.901]2,149,283.435| 422.179|11,099.485(57,593.952| -60 86 26
2 GPS.0107-058| 47 | 498,077.864]2,149,365.625| 418.005|11,075.468(57,676.191| -59 86 26
3 GPS.0107-059| 47 | 498,486.145|2,150,557.924| 431.246|11,484.409(58,868.911( -61 86 24
4 GPS.0107-060| 47 | 498,546.127]2,150,585.697| 434.689|11,544.431|58,896.674| -62 86 23
5 GPS.0107-061| 47 |499,314.096]2,151,595.946|414.447|12,313.165(59,907.116( -59 85 27
6 GPS.0107-062| 47 |499,338.907]2,151,655.473|417.101|12,338.011(59,966.663( -59 85 26
7 GPS.0107-063| 47 |502,123.513]2,154,157.036| 524.017|15,124.939(62,468.359| -76 85 9
8 GPS.0107-064| 47 |502,201.918]2,154,163.344| 524.647|15,203.384|62,474.640( -76 85 9
9 GPS.0107-065| 47 |505,187.335]12,156,233.451| 541.078|18,191.053|64,544.591 -79 85 6
10 GPS.0107-066| 47 |505,267.849]2,156,326.834| 542.073|18,271.642|64,637.988( -79 85 6
11 GPS.0107-067| 47 | 505,774.851|2,159,311.762| 560.885]18,780.050{67,624.165( -82 85 3
12 GPS.0107-068| 47 |505,769.279]2,159,424.140| 561.159|18,774.519(67,736.599( -82 85 3
13 GPS.0107-069( 47 | 506,676.289]2,163,035.663| 602.643|19,683.375|71,349.518( -88 85 -4
14 GPS.0107-070| 47 |506,698.627]2,163,083.360| 602.219|19,705.743|71,397.230( -88 85 -4
15 GPS.0107-071| 47 | 508,540.9752,164,122.726( 552.469|21,549.388|72,436.380| -81 85 4
16 GPS.0107-072] 47 | 508,694.545)|2,164,190.731| 552.783|21,703.059(72,504.358( -81 85 4
17 GPS.0107-073| 47 |510,327.174|2,165,034.751| 623.911]23,336.807|73,348.150 -92 85 -7
18 GPS.0107-074| 47 |510,403.448]2,165,041.053| 627.597|23,413.120(73,354.425( -92 85 -8
19 GPS.0107-075 47 | 512,246.564|2,166,379.397| 736.217|25,257.649|74,692.697( -109 85 -24
20 GPS.0107-076| 47 |512,257.443]2,166,483.345| 729.660|25,268.574|74,796.691| -108 85 -23
21 GPS.0107-077| 47 | 513,274.776|2,168,337.608| 636.391|26,287.123|76,651.453 -94 85 -9
22 GPS.0107-078| 47 | 513,333.206]2,168,334.143| 634.625|26,345.580(76,647.963| -94 85 -8
23 GPS.0107-079| 47 |514,214.276]2,172,066.958| 547.482]|27,228.535(80,382.237| -80 85 5
24 GPS.0107-080| 47 | 514,257.753]12,172,108.122| 545.599|27,272.049(80,423.404| -80 85 6
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Mmaen 5 Hewveansaglugiuuy PROJICS WKT d1M351tie1un1sn1e LDP 910 1A54n15679619

U
TN PROJCS WKT
PROJCS["Transverse_Mercator",GEOGCS[ "GCS_GRS_198@",DATUM[ "D_GRS_1980" ,
T™C SPHEROID[ "GRS_1980",6378137,298.257222101]], PRIMEM[ "Greenwich",0],UNIT[ "Degree",0.017453292519943295]],

PROJECTION["Transverse_Mercator"],PARAMETER["scale_factor",1.0000847],
PARAMETER[ "central_meridian",99.06666666669977],PARAMETER[ "latitude_of_origin",19.55],
PARAMETER[ "false_easting",20000],PARAMETER[ "false_northing",70000],UNIT[ "Meter",1]]

PROJCS[ "Lambert_Conformal_Conic",GEOGCS["GCS_GRS_1980" ,DATUM[ "D_GRS_1980",
LCC SPHEROID[ "GRS_1980",6378137,298.257222101]],PRIMEM[ "Greenwich",0],UNIT[ "Degree",0.017453292519943295]],
PROJECTION[ "Lambert_Conformal_Conic"],PARAMETER["scale_factor",1.0000847],
PARAMETER[ "standard_parallel_1",19.55],PARAMETER["standard_parallel_2",19.55],
PARAMETER[ "central_meridian",99.06666666669977],PARAMETER[ "latitude_of_origin",19.55],
PARAMETER[ "false_easting",20000],PARAMETER["false_northing",60000],UNIT[ "Meter",1]]

PROJCS[ "Hotine_Oblique_Mercator_Azimuth_Center",GEOGCS["GCS_GRS_1980",DATUM[ "D_GRS_1980",
OMC SPHEROID[ "GRS_1980",6378137,298.257222101]],PRIMEM[ "Greenwich",0],UNIT[ "degree",08.0174532925199433]],
PROJECTION[ "Hotine_Oblique_Mercator_Azimuth_Center"],PARAMETER["scale_factor",1.0000847],
PARAMETER[ "azimuth",40],PARAMETER[ "longitude_of_center",99.06666666660044],
PARAMETER[ "latitude_of_origin",19.55],PARAMETER["false_easting",20000],
PARAMETER[ "false_northing",60000],UNIT[ "Meter",1]]
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