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1.0 Background 

The DGPS survey of the Ground control points (GCPs) has been carried for 

establishing control point inside Susta Rural Municipality with its base station in 

known control point. Survey has been carried out in the month of May and June. This 

report describes the project area, instrument used, adopted methodology for DGPS 

data processing and the post processed results. 

 

2.0 Objectives 

The main objectives of the study 

 

• Establishment of 80 Ground Control Points inside Susta Rural municipality. 

• Establishment of Survey monuments/Bench mark 

 

3.0 Study Area 

Study Area is located in Nawalparasi district of Lumbini province. It is extended from 

83.81 E to 83.91 E. Longitude and 27.34 N to 27.51 N Latitude with an area of 91.23 sq. 

km and consist of 5 wards. 

 

 

Figure 1: Location Map of study area using GIS 
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4.0 Methodology 

4.1 Establishment of Survey monuments/Bench mark 

The main task of the project is to establish 80 Ground control point within various 

ward of Susta Rural municipality. So, we have prepared monumentation and fixed in 

various places inside municipality as per the client’s requirement. The size of 

monument is 15cm*15cm on top, 23cm*23cm on bottom and 55cm height as per the 

ToR. 

4.2 DGPS Survey for Establishment of control points 

DGPS is based upon knowledge of a highly accurate, geodetically surveyed location 

of a GPS reference station. This reference station observes GPS signals in real-time 

and compares their ranging information to the ranges expected to be observed at its 

fixed point. The differences between observed ranges and predicted ranges are used to 

compute corrections to GPS parameters, error sources, and/or resultant positions. 

These differential corrections are then transmitted to GPS users, who apply the 

corrections to their received GPS signals or computed positions. Differential Global 

Positioning System (DGPS) is an enhancement to Global Positioning System that 

provides improved location accuracy. DGPS refers to using a combination of receivers 

and satellites to reduce/eliminate common receiver based and satellite-based errors 

reduce orbit errors reduce ionospheric and tropospheric errors reduce effects of SA 

eliminate satellite and receiver clock errors improve accuracy significantly 10 0’s of 

meters to meters to centimeters to millimeters 

1. DGPS uses one or several (network) fixed ground-based reference stations (in 

known locations). 

2. The base station compares its own known location, to that computed from a GPS 

receiver. 

3. Any difference is then broadcast as a correction to the user. Correction signals can 

be broadcast either from ground stations, or via additional satellites. 
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4.2.1 Equipment Used 
 

Three sets of Reach RS2 Series were used in which one is used as base station and the 

other four were used for establishment of ground control point as rover station. 
 

 

Figure 2: Reach RS2 Receiver 

 

Reach RS2 GNSS receiver tracks multiple GNSS satellites (GPS, GLONASS, 

Galileo, BeiDou, and QZSS) for the DGPS survey (Specification of GNSS Receiver 

is provided in Annex). Detail specs of the instrument are provided in the Annex. 

Reach RS2 is L1/L2/L5 RTK GNSS receiver with centimeter precision. Reach RS2 

determines a fixed solution in seconds and provides positional accuracy down to 

several millimeters. 

The receiver tracks GPS/QZSS (L1, L2), GLONASS (L1, L2), BeiDou (B1, B2), 

Galileo (E1, E5) and SBAS (L1C/A), and reliably works in RTK mode on 

distances up to 60 kilometers and 100 kilometers in PPK mode. A multi-feed 

antenna with multipath rejection offers robust performance even in challenging 

conditions. RINEX raw data logs are compatible with OPUS, CSRS-PPP, 

AUSPOS and other PPP services so users can now get centimeter-precise results  
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any place on Earth. Built-in 3.5G modem and UHF LoRa radio. The Reach RS2 

features a power-efficient 3.5G HSPA modem with 2G fallback and global 

coverage. The corrections can be accessed or broadcast over NTRIP 

independently, without relying on internet connection on a smartphone. For 

remote areas, the Reach RS2 has a built-in LoRa radio that has proven to be a 

reliable link for RTK corrections for distances up to 8 kilometers designed for 

Tough Conditions. The Reach RS2 is engineered to be waterproof and impact 

resistant. Its body is manufactured in a two-step injection process and is made out 

of shockproof polycarbonate covered in a special elastomeric for extra protection. 

The receiver has an industry-standard 5/8-inch mounting thread. The LiFePO4 

battery of the Reach RS2 is designed for 16 hours of work as a 3.5-G RTK rover 

on one charge regardless of weather conditions. It can charge from a USB wall 

charger or a power bank over USB-C. 

Receiver Accuracy 

• Static H: 4 mm + 0.5 ppmV: 8 mm + 1 ppm 

• PPK H: 5 mm + 0.5 ppmV: 10 mm + 1 ppm 

• RTK H: 7 mm + 1 ppmV: 14 mm + 1 ppm 

• Convergence time ~5 s typically 

 

4.2.2 Data Collection 

The data collection in field is done using Base Logging method. Base Logging is the 

process of recording positional data in DGPS for a certain time which later on post 

processing results with the three-dimensional coordinates of the location it is logged in. 

Control points are established with reference to base station at each location. 

4.2.3 Data Processing 

 
The Ground Control Points (GCPs) collected were post processed using Geo Solution 

GNSS processing software. The coordinates are obtained in lat/lon in ITRF2014 

frame which is practically equivalent to WGS84. The height is obtained in ellipsoid 

and EGM 2008. The coordinate of control points is provided in UTM 44N (wgs84) 

coordinate system and Everest MUTM84 coordinate system. 
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Figure 3: Screenshots of GNSS Static Processing 

 



Report 

6 

 

 

 

4.3 Coordinate Transfer 

After processing the data, the coordinates in WGS84 were obtained which were 

transformed to the Geodetic coordinate of Nepal using transformation parameters. 

Translation in X axis = - 124.3813 m,  

Translation in Y axis = 521.67 m,  

Translation in Z axis = 764.5137 m, 

Rotation in X axis = 17.1488 

Rotation in X axis = -8.11536 

Rotation in X axis = 11.1842 

Scale factor = 2.1105 

Using these parameter values, all WGS-84 co-ordinates were transformed to Nepal 

datum, Everest 1830. 

 

 

5.0 Observations And Results 

The DGPS takes observation in its default geographic coordinate system which is 

WGS84 which is then projected to MUTM 84 Zone. The coordinate of control point 

are shown in the table below. 

  

           Table 1: DGPS Coordinates in MUTM Coordinate System 

 

S. No Easting Northing Ortho. Height Point Id 

1 484966.133 3041094.625 119.977 1CP1 

2 484993.348 3041198.138 119.518 1CP2 

3 484724.048 3040895.107 115.041 1CP3 

4 484759.115 3040887.023 115.099 1CP4 

5 484423.491 3041185.165 114.165 1CP5 

6 484425.044 3041247.271 115.68 1CP6 

7 484711.743 3041200.156 113.795 1CP7 

8 484739.394 3041240.532 115.324 1CP8 

9 485254.619 3041249.033 121.235 1CP9 

10 485284.972 3041308.902 119.771 1CP10 

11 485504.571 3041415.855 118.386 1CP11 

12 485487.313 3041427.062 118.567 1CP12 

13 485651.978 3041588.964 122.455 1CP13 

14 485614.617 3041591.145 122.15 1CP14 

15 485292.404 3041609.12 122.671 1CP15 

16 485305.93 3041642.086 121.873 1CP16 

17 484896.902 3041716.679 118.155 1CP17 

18 484921.408 3041728.288 118.197 1CP18 

19 485148.677 3042116.704 121.503 1CP19 

20 485090.828 3042074.467 119.888 1CP20 

21 484765.948 3042276.466 117.22 1CP21 
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22 484794.945 3042233.271 123.286 1CP22 

23 484869.733 3042006.081 121.699 1CP23 

24 484836.973 3041980.219 120.335 1CP24 

25 484945.23 3041379.99 117.17 1CP25 

26 484905.538 3041349.705 117.486 1CP26 

27 485191.4 3040836.08 114.308 1CP27 

28 485221.88 3040800.469 113.828 1CP28 

29 485266.94 3041068.977 115.523 1CP29 

30 485271.427 3041039.625 115.436 1CP30 

31 485508.202 3041135.716 122.122 1CP31 

32 485490.106 3041147.765 120.31 1CP32 

33 485414.774 3040860.895 119.805 1CP33 

34 485420.453 3040890.08 120.214 1CP34 

35 484479.693 3040719.827 111.107 1CP35 

36 484508.805 3040703.875 110.783 1CP36 

37 484918.856 3040764.42 113.975 1CP37 

38 484860.694 3040779.797 115.154 1CP38 

39 485094.812 3040448.19 111.255 1CP39 

40 485095.676 3040404.049 111.171 1CP40 

41 483007.445 3041454.836 111.004 1CP41 

42 483021.155 3041538.384 111.167 1CP42 

43 483066.062 3041321.823 111.959 1CP43 

44 483088.213 3041333.109 111.608 1CP44 

45 482831.561 3041251.686 110.368 1CP45 

46 482777.702 3041287.023 108.824 1CP46 

47 482763.746 3041115.361 108.442 1CP47 

48 482694.661 3041135.521 108.645 1CP48 

49 483012.382 3041197.178 121.939 1CP49 

50 482899.151 3041145.409 109.948 1CP50 

51 483365.261 3041345.437 112.437 1CP51 

52 483322.859 3041265.778 112.522 1CP52 

53 488988.106 3038107.897 109.541 GCP-02 

54 488060.017 3037627.101 108.879 GCP-04 

55 487810.459 3037707.917 111.333 GCP-08 

56 487747.722 3037839.834 108.237 GCP-11 

57 488015.624 3038609.160 111.139 GCP-40 

58 487565.129 3038590.034 111.017 GCP-42 

59 487373.424 3038604.541 110.164 GCP-43 

60 486376.357 3038587.359 110.948 GCP-45 

61 485978.934 3038593.654 110.121 GCP-46 

62 485914.561 3038872.920 108.380 GCP-48 

63 488782.084 3038895.757 110.317 GCP-51 

64 488668.124 3039158.525 111.300 GCP-56 

65 488214.714 3039476.600 112.222 GCP-57 

66 487575.505 3039814.132 114.295 GCP-60 

67 487472.263 3040016.440 117.591 GCP-62 

68 486726.929 3039581.678 108.954 GCP-68 

69 487831.447 3038950.393 108.245 GCP-71 
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70 487638.844 3039064.999 108.719 GCP-72 

71 488108.080 3038906.958 109.363 GCP-73 

72 488182.294 3039066.498 109.209 GCP-75 

73 488104.029 3039291.988 110.724 GCP-78 

74 487215.064 3039315.132 109.397 GCP-85 

75 487211.970 3039190.580 107.812 GCP-86 

76 487082.126 3039044.658 107.620 GCP-88 

77 487080.427 3039756.754 111.870 GCP-89 

78 488706.505 3039926.598 130.674 GCP-92 

79 488825.151 3038325.871 110.872 GCP-94 

80 488613.752 3038514.082 111.149 GCP-95 

81 480020.033 3048391.084 135.960 Bardaghat Base 

82 487493.952 3037482.195 115.677 Susta Base 
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ANNEX-1 

Description Card 
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