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ABSTRACT 

The study established Second Order Controls from Olorunsogo 

Community in Awe town to Idi- Mangoro village along Oyo-Iwo 

Road, Afijio local government area of Oyo State. The study extended 

the already established Second Order Controls from Olorunsogo 

community Awe town to Idi-Mangoro village along Oyo/Iwo road with  

approximate distance of 5Km. The study is necessary due to development activities; and also 

the problem of insufficient controls within the area. These factors necessitated the need to 

establish Second Order Control so as to provide the relevant controls in which subsequent 

lower order jobs can be tied around the area and also for proper mapping of the area. The 

study was carried out by adopting the specifications for Second Order Control extension 

using GPS. The field data were downloaded from Trimble R6 GPS instrument into computer 

system using Trimble data transfer software. The data from reference and the rover were 

downloaded. After downloading, Hi-Target Geomatic Office software was used for 

processing of downloaded data. The results were obtained and sorting out for data 

transformation from Geodetic Coordinates to Universal Traverse Mercator (UTM). The 
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downloaded data were converted to Rinex Format such that it can be handled by Hi-Target 

Geomatic Office for further processing. The result of data obtained from the adjusted data 

was analyzed and the result proved reliable as the unit variance and standard error values fall 

within allowable limits. Back computation was done from the final adjusted coordinates in 

order to obtain corrected bearings and distances in-between successive controls. The results 

obtained from the Excel program and HI-Target Geomatics Office software were compared 

and the discrepancies were negligible. With the various results generated in the course of the 

study, it is an indication that the linear accuracy was reliable. 

 

KEYWORDS: Second Order, Controls, Satellites, Geodetic, Traversing, HI target. 

 

1.0   INTRODUCTION 

Surveying has been in existence from the beginning of human race. It is generally known that 

surveying is the bedrock of every meaningful development on or above the earth’s surface. 

Robillard, Wilson and Brown (2006) believed Surveying has to do with the determination of 

the relative spatial location of points on or near the surface of the earth. They buttressed the 

above definition by saying that it is the art of measuring horizontal and vertical distances 

between objects, measuring angles between lines, determining the direction of lines, and 

establishing points by predetermined angular and linear measurements. Generally, Controls 

are used for orientation in any survey operation and must be of high degree of accuracy. 

Control serves as a basis for orienting or checking subordinate survey work regardless of its 

order of accuracy. 

 

Punmia (2009) defined control points as identifiable positions on the surface of the earth 

whose coordinates are determined with respect to a defined reference system with a 

national, state or local origin. Subsequently, control itself is a system of relatively precise 

measurements by triangulation, traversing and leveling to determine distances, directions and 

difference in elevation between points on the earth’s surface. Controls can be horizontal or 

vertical. Other types of controls are ground controls, photo controls etc. The provision of 

such control points depends on the surveying method employed and the equipment used. 

Geodetic networks basically involve two types of controls; the horizontal and vertical 

controls, each having its own set of monument points and method of establishment. 

Generally, controls are also classified according to their degree of accuracy. They are: 

i. First order controls (Primary) 

ii. Second order controls (Secondary) 
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iii. Third order controls (Tertiary). 

 

However, the advent of digital surveying equipment and satellite positioning system has 

brought a convenient of methods that facilitates and simplifies the observational methods in 

today’s surveying. The classical method embraces the traditional methods of obtaining 

planimetric information of control points using Traversing, Triangulation and Trilateration. 

With the advent of the new technology in surveying, the planimetric and height information 

of control points can be obtained through the use of Global Positioning System (GPS). 

 

Global Positioning System (GPS) are satellites that were primarily designed for use by US 

military in the early 60’s, with a secondary role of civilian navigation as found in the works 

of Awange & Aduol, (1999); Awange et al., (2010). Two carrier signals in the L band 

denoted by L1 and L2 are generated by integer multiplication of the fundamental frequency 

f0. These carriers are modulated by codes to provide satellite clock readings measured by 

GPS receivers. Two types of codes; the coarse acquisition C/A and precise acquisition P/A 

are emitted. This study was carried out using Global Positioning System (GPS) equipment. 

GPS is based on accurate ephemeris data for the real-time location of each satellite and on 

precisely kept time. It uses satellite signals, accurate time and sophisticated algorithms to 

generate distances to ground receivers and thus provide “resection” positions anywhere on 

earth. 

 

A minimum of four satellites must be tracked according to Awange et al., (2010) to solve the 

positioning intersection equations dealing with position (x, y and z coordinates) which later 

can be translated to easting, northing and elevation and with clock differences between the 

satellites and ground receivers. In reality, five or more satellites are tracked to introduce 

additional redundancies and to strengthen the geometry of the satellite array. Additional 

satellites (more than the required minimum) can provide more accurate positioning and can 

also reduce the receiver occupation time at each survey station. The establishment of 

the second order control is significant because they can be used as a reliable platform for the 

extension of third order jobs; they will equally assist in township mapping and for public and 

private uses; also can be used in the production of accurate maps and geographic features; the 

controls established can be used for any job that requires second order controls; they can 

serve as bedrock for precise engineering jobs; can also help in assuring the unambiguous 

location of all parcel of land control area of occupancy and also provides for the subsequent 

lower order jobs to be tied. 
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The aim of the study is to establish Second Order controls from Olorunsogo Community in 

Awe town to Idi-Mangoro village along Oyo-Iwo Road, Afijio Local Government area of 

Oyo State, so as to assist in township mapping and for public and private uses. The study is 

necessary due to development activities like private, commercial and industrial along the 

route in the study area and to solve the problem of insufficient controls within the area. These 

factors necessitated the need to establish Second Order control from Olorunsogo community 

in Awe town to Idi- Mangoro village along Oyo-Iwo road, Oyo state so as to provide the 

relevant controls in which subsequent lower order jobs can be tied around the area and also 

for proper mapping of the area. The study extended the already established Second Order 

controls from Olorunsogo community in Awe town to Idi-Mangoro village along Oyo/Iwo 

road, Afijio local Government Area of Oyo State with approximate distance of 5Km. The 

study area site is geographically situated from latitudes 07
0
 46’ 38.92’’N to 07

0
 48’ 29.60’N 

and longitudes 03
0
 58’ 56.76’’E to 04

0
 00’ 35.51’’E. The study area is shown in Figure 1. 

 

 

Figure 1: Location diagram of the Study Area. 
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2.0 METHODOLOGY 

The specifications for the study were referenced to the Specifications for Second Order 

control extension using GPS which was sourced from the Surveyors Council of Nigeria 

(SURCON) pamphlet on specification for Geodetic Survey in Nigeria. The specifications 

include the following:- 

i. Dual frequency GPS receivers – Compulsory; 

ii. Minimum of two (2) GPS receivers required for two simultaneous observations for 

baseline solution; 

iii. Minimum number of Datum control required – Two (2); 

iv. Spacing between any adjacent station should not be shorter than 0.2Km and survey 

beacons should be of dimensions 40cm x 40cm x 110cm (L x B x H) respectively; 

v. The concrete of beacons should be mixed in ratio 3:2:1 of sharp sand, gravel and cement; 

vi. The beacons should be in-situ and reinforced with iron pipes, each consisting of prefix 

and pillar number; 

vii. Geometric Dilution of Precision (GDOP) at the beginning and the end of the 

observation should be within 0 and 8; 

viii. Period of observation with visibility to minimum of four (4) satellites – 90minutes; 

ix. Data sampling rate (Epoch) – maximum time interval between observations – 30 

seconds, with cut off angle of 15º; 

x. Poor baseline vector should be discarded from participating in further adjustment; and 

xi. Independent plumb line centering with maximum centering error of 3mm is required. 

 

The methodology adopted in order to acquire a reliable and accurate data needed for 

computing and plotting the information to have a plan of the study is the principle of working 

from whole to part. The first thing that was done is the Office Planning which required 

acquisition of instrument to be used. This also involves the acquisition of the area to be 

surveyed from existing map i.e. topographical map of the area in order to determine where 

the study area falls. At this stage, the available data for the study were examined i.e. the data 

of the existing controls on which the study was tied. The reconnaissance survey of the study 

area was done to see the general overview of the study area and to plan adequately for the 

acquisition and processing of the data. The ground control coordinates (primary) were 

obtained from SIWES and Practical Unit of Federal School of Surveying, Oyo, Oyo State 

(Table 1). 
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Table 1: Coordinates of Primary Controls. 

 

 

The next step taken was to consider the locations where the stations were to be established in 

the course of carrying out the study. The following factors were considered. 

i. Intervisibility between two points; 

ii. Good horizon for GPS observation; and also 

iii. Points to be located where they will not be disturbed. 

 

Equipment used in the execution of the study included but not limited to the following: 

i. One (1) Trimble differential GPS and its accessories (GNSS/R6/58000); 

ii. One (1) Tripod stand; 

iii. Three (3) Ranging poles; 

iv. One (1) 50m Steel tape; 

v. One (1) 5m pocket tape; 

vi. One (1) Hand held GPS; 

vii. One (1) Carrier & Tribrach; 

viii. One (1) Circular web; 

ix. One (1) Prismatic Compass; 

x. Mobile phones for effective communication; 

xi. Others include Digger, Hand trowel, Crowbar Shovel, Cutlass, Head pan, Iron rod, 

Mould, Gravel, Sand, Water and Cement. 

 

2.1 Data Downloading/Transformation 

The acquired data from the field were downloaded from Trimble R6 GPS receivers into the 

Computer System using Trimble Data Transfer Extension of Trimble Business Centre (TBC- 

5). The download was done for both reference and rover receivers while the downloaded 

base line vector map was displayed by the Trimble Business Centre software as shown in 

Figure 2. 
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Figure 2: Downloaded Base Line Vector Map of Controls Established. 

 

Also, the processed data were well sorted out for further processing using Hi-Target 

Geomatics Office software (See Table 2). 

 

Table 2: Results obtained from the processed data in WGS84. 
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For the basis of this study, the processed results obtained were well sorted out and 

transformed from geodetic coordinate system with reference Ellipsoid WGS84 into UTM 

with reference ellipsoid of Clarke 1880 using Hi-Target Coordinate Tool Converter as shown 

in Table 3. 

 

Table 3: Results showing processed data in MINNA Datum (Clarke 1880). 

 

 

The adjusted results as processed by Hi-Target software were tabulated against the input 

observed data as shown in Table 4. Also, a customized observation equation Least 

Squares program written in Excel was used for the Least Square Adjustment solution. The 

results of the two adjusted programs (Excel and Hi-Target) were compared and displayed as 

in Table 5. 
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Table 4: Adjusted coordinates of the newly established points. 

 

 

Back computation was done from the final adjusted coordinates in order to obtain 

corrected bearings and distances in-between successive controls. The result obtained is given 

in Table 5. 

 

Table 5: Back computation of established stations. 
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Comparative Analysis of adjusted data from Excel program and HI-Target Geomatics Office 

software is shown in Table 6. The discrepancies of -0.0158 to 0.0516 were observed on the 

Northings, -0.00995 to 0.24585 on the Eastings and the heights by -0.6545 to 0.64905. The 

discrepancies were negligible and within the allowable distances. 

 

Table 6: Comparative Analysis of adjusted data from Excel program and HI-Target 

Geomatics  Office software. 

 

 

The linear accuracy of the products was calculated and the result is presented in Table 7. 

With the results, it is an indication that the linear accuracy was reliable. Figure 3 shows the 

interface of AutoCAD Software showing the plan as the final draft for the study. 
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Table 7: Linear Accuracy. 
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Figure 3: Interface of AutoCAD Software showing the plan. 

 

4.0 DISCUSSION OF RESULTS 

The various results obtained from one step to the other were tabulated in the Tables shown in 

the last section. The data from the field was downloaded into the computer system using the 

Trimble data transfer software. The data from the reference and rover receivers were 

downloaded. The downloaded data needed to be converted to Rinex Format such that it can 

be handled by Hi-Target Geomatic office for further processing. The data were processed via 

Hi- Target Geometrics Office software and the result was shown in Table 2. Observation 

equation method was employed in adjusting the acquired data. The adjusted data was 

converted from space coordinate to UTM using Hi-Target coordinate tool converter. This is 

shown in Table 3. 

 

The result of data obtained from the adjusted data was analyzed and the result proved 

reliable as the unit variance and standard error values fall within allowable limits. The results 

are as shown in Table 4. Back computation was done from the final adjusted coordinates in 

order to obtain corrected bearings and distances in-between successive controls. The result 

obtained is given in Table 5. The results obtained from the Excel program and HI-Target 

Geomatics Office software were compared and shown in Table 6. The discrepancies were 

negligible. The linear accuracy of the products was calculated and the result presented as 
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shown in Table 7. With the results, it is an indication that the linear accuracy was reliable. It 

is also important to state that the various results generated are in order and can be used for a 

Second Order control establishments when further extension of controls are required in the 

study area. 

 

5.0 CONCLUSION AND RECOMMENDATIONS 

5.1 Conclusion 

Having completed the study successfully and the aim and objectives of control establishment 

were achieved, it is therefore concluded that the establishment of controls from Awe Town to 

Idi-Mangoro village along Oyo-Iwo Road, Afijio Local Government Area of Oyo state was a 

huge success. This will assist in township mapping and also serve the public and private 

organisations when carrying out surveying works along and around the route. The whole 

study was carried out in accordance with specifications of surveying profession. 

 

5.2 Recommendations 

It is recommended at the end of the study that Government and the bodies concerned 

should try as much as possible to establish more controls with higher orders along the route 

and if such were already on ground, they should be marked and the information should be 

made available on public domain. 
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