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Sammanfattning 

Under de senaste åren har ett stödsystem för satellitpositionering satts upp i 
ett nätverk av mer än 50 referensstationer (med fler på väg) runt om i 
Botswana i södra Afrika. Detta har öppnat upp för nya och förbättrade 
möjligheter att implementera satellitnavigation i lantmäteriutövning. 
Fastighetsregistrering, det vill säga utmarkering och registrering av tomter i 
ett register, i Botswana kännetecknas av icke-konsekventa metoder reglerade 
av bristfälliga riktlinjer. Myndigheter i Botswana använder redan 
satellitnavigation inom fastighetsregistrering men riktlinjer inom ämnet 
återstår att formuleras. Målet med den här uppsatsen är att etablera ett förslag 
till riktlinjer för tillämpningen av satellitnavigering inom fastighetsregistrering 
i Botswana genom att anpassa internationella riktlinjer till en Botswansk 
version. Datan till den här undersökningen samlades in genom 
semistrukturerade intervjuer som hölls med personal från olika aktörer inom 
lantmäterisektorn i Botswana ihop med en litteraturstudie av tre redan 
existerande internationella riktlinjer och vetenskapliga artiklar inom 
satellitnavigering och fastighetsregistrering. De valda riktlinjerna kom från 
Sverige, Australien och Storbritannien. Under arbetets gång gjordes en 
utförlig redogörelse av utmaningar och potentialer som är relaterade till 
introduktionen av nya riktlinjer. 

Resultaten visade att lantmäterisektorn i Botswana står inför flera 
utmatningar. Dessa grupperades efter tre sorters utmaningar. Första gruppen 
döptes till ”utmaningar relaterade till bristen av riktlinjer” och innehöll 
utmaning som dålig enhetlighet inom sektorn och att det är omöjligt att 
referera till vad som är rätt och fel inom mätning. Andra gruppen, 
”teknologiska utmaningar”, innehöll utmaningar som undermålig infrastruktur 
och avsaknaden av tillräckligt många moderna instrument. Sista gruppen av 
utmaningar ”institutionella utmaningar” beskriver problem som är associerade 
till bristfälligt samarbete och motstånd mot förändring. 

Det finns även flera potentialer att prata om som Botswana skulle kunna ta del 
av om riktlinjer skulle bli introducerade. Bland dessa var ett förbättrat 
utbildningsystem och enhetlighet inom sektorn. 

Nyckelord: Satellitnavigering, Fastighetsregistrering, Fastighet, Riktlinjer, 
Botswana.  

 



 

 
iv 
 

Abstract  

In recent years a Continuously Operating Reference Stations (CORS)-
network of more than 50 reference stations (with more on the way) have been 
set up extending over the whole southern African country of Botswana. This 
has opened up for new and improved possibilities of implementing the Global 
Navigation Satellite System (GNSS) technique in surveying practice. Cadastral 
surveying, the demarcation and registration of plots in a land registry, in 
Botswana is characterised by non-uniform methods with the lack of 
standardised documents. Authorities in Botswana already include the GNSS 
technique in the cadastre process but guidelines remain to be formulated. This 
research aims to establish a suggestion to new guidelines for GNSS 
measurements in cadastral surveying in Botswana by adapting international 
guidelines to Botswana use. The data was collected through semi-structured 
interviews conducted with personnel at different surveying institutions in 
Botswana together with a literature study of three existing international 
guidelines and scientific articles concerning GNSS and cadastral surveying. 
The international guidelines of choice were from Sweden, Australia and the 
United Kingdom (UK). During the process a thorough review of challenges 
and potentials of introducing new guidelines were made. 

The results show that the surveying community in Botswana is facing several 
challenges at the moment. The challenges was categorised within three 
groups. The first group named ‘challenges related to the lack of standards’ 
contains challenges such as the lack of unity throughout the sector and the fact 
that it is difficult to refer to what is right and wrong. The second group, 
‘technological challenges’, contains challenges such as infrastructural faults 
and the shortage of modern instruments. The last group of challenges 
‘institutional challenges’ describes problems associated to inadequate 
cooperation and resistance towards change.  

There are also several potentials to talk about that Botswana would be able 
take part of if guidelines were introduced. Among them were improved 
educational systems and consistency within the sector. 

Keywords: GNSS, Cadastral Surveying, Cadastre, Guidelines, Botswana. 
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1 Introduction 

The Swedish state-owned overseas organisation Swedesurvey assisted the Botswana 
government over the course of ten years with development and implementation of 
Geographic Information Systems (GIS). Among the objectives was the 
computerisation of cadastral and topographic databases and training of personnel at 
the Department of Surveys and Mapping (DSM) (Swedesurvey, n.d.). The 
Surveying division within DSM is responsible for establishing national frameworks, 
guidelines and regulations regarding surveying (Department of Surveys and Mapping 
[DSM], 2015). However this have not yet included the establishment of any general 
guidelines for operating Global Navigation Satellite Systems (GNSS) in cadastral 
surveying. This cause for lost opportunities to keep up to date on technological 
standards and prevent smart, efficient and computerised management (Shnaidman, 
Shoshani, & Doytsher, 2013). 

According to South African Chief Surveyor-General cadastral surveying is the 
“survey and demarcation of land for the purpose of defining parcels of land for 
registration in a land registry” (Chief Surveyor-General, n.d., first paragraph). They 
continue to describe the importance of cadastral surveying by pointing out that 
marking and recording of boundaries ensures the rights of the owners if false claims 
of land ownership emerge. Alemie, Bennet and Zevenbergen (2015) agree and add 
that it is important to identify the right owner in a conflict with the help of a 
cadastral system. Therefore there are incentives to further ease the implementation 
of cadastral surveying in Botswana.  

Today cadastral surveying in Botswana is regulated in the Land Survey Act (LSA). 
The LSA have not been thoroughly reviewed since 1993. Work done with more 
classical surveying instruments such as totals stations and theodolites are regulated 
but there is no mention of the GNSS technique. The possibility to use GNSS-
technologies in cadastral surveying in a standardised and consistent way would 
facilitate the work of local surveyors (Tamrakar, 2013) and would be of great value 
for the whole surveying community in Botswana. In addition, the infrastructure 
needed for implementing the GNSS-technique already exists. More than 50 
reference stations are up and running (Trimble, 2017), which would be a sufficient 
number for implementing the GNSS-technique for this purpose (Häkli, Kallio & 
Puupponen, 2013).  
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The authority of land surveying in Sweden, Lantmäteriet, has recently updated the 
recommendations and regulations with the collection name Handbok i Mät- och 
Kartfrågor (HMK), which are described as handbooks for surveying and mapping 
issues (Lantmäteriet, 2016). The collection is widely used in both governmental 
surveying conducted by Lantmäteriet and in private practice. This is beneficial 
because it brings unity throughout the sector. The same benefits would apply to 
Botswana if guidelines would be formulated. Sweden is not alone in this matter and 
guidelines for GNSS is a commonly found in nations around the world. By reviewing 
these guidelines, the joint international knowledge of GNSS in cadastral surveying 
can be implemented to fit Botswana’s need of domestic guidelines. 

1.1 Aim and limitation 

From what was mentioned above, the aim of the study has been formulated and 
reads: To adapt international guidelines for cadastral surveying using GNSS to a 
suitable suggested version for Botswana use. Along the process a thorough review 
will be made of the existing challenges in surveying community in Botswana and the 
potential of the implementation of guidelines, hence the title of this paper. The aim 
has been formulated in consultation with personnel at University of Botswana. The 
objectives of this research can be summarised in the following three captions: 

• Objective 1: Development of suggested guidelines 

• Objective 2: Account for the challenges in the surveying community 

• Objective 3: Account for the potentials of introducing guidelines 

A request was made that the guidelines also would include general guidelines of 
GNSS measurements beyond the ones of cadastral surveying. However this request 
was turned down due to the limitations of the research. Also the guidelines are not 
comprehensive. The nature of this project did not allow a development of a 
complete set of guidelines but mere the foundation of one. 

1.2 Republic of Botswana 

The landlocked southern African country, Republic of Botswana, have a population 
of approximately 2.21 million people divided over 582,000 square kilometres 
making it one of the least densely populated countries in the world (Central 
Intelligence Agency [CIA], 2017). About half of the population lives in the rural 
areas of the country. The only two cities of the country are the capital of Gaborone 
and Francistown with the rest of the communities listed as townships (Myles, 
Johansson & Syrén, 2009). Botswana is divided into ten districts. 
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The country gained its independence in 1966 after many years of being a British 
protectorate under the name Bechuanaland (CIA, 2017). Five decades of steady 
political leadership, advanced social policies and rich access to natural resources have 
shaped the country to become one of the most stable economies in Africa. The 
exemplary economic governance has led to Botswana being rank as the least corrupt 
country in Africa (Sietchiping & Ezigbalike, 2010). The economical success has also 
resulted in Botswana being assigned less economical and knowledge-based support 
from industrial countries.  

Botswana suffers from one of the highest rates of HIV infested population in the 
world with an adult prevalence rate of 22.21 % but comprehensive treatment 
programs have reduced HIV-related deaths in recent years (CIA, 2017). A map over 
Botswana is presented below (figure 1). 

 

Figure 1. A map over Republic of Botswana (CIA, 2017). 
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1.2.1 Surveying institutes in Botswana 

There are several active surveying institutes in Botswana. They have different 
functions in the surveying community and therefore all of them are of interest for 
this study. An account of their purposes is made in this chapter. 

Department of Surveys and Mapping 

The managing authority of Botswana surveying and cadastral system is the DSM. It is 
the national mapping organisation subsidiary to the Ministry of Lands and Housing 
(DSM, 2015). The DSM was established in 1959, seven years before Botswana’s 
independence declaration from the United Kingdom (UK) in 1966. The directive of 
the DSM is to provide basic geospatial information and services. The DSM’s duties 
include collecting, managing and disseminating geospatial information. This is done 
through surveying and mapping technologies such as GIS, Remote Sensing, and 
Global Positioning System (GPS). The DSM also acts as an advisory towards 
governmental institutions on all matters associated to land in Botswana. In 2009 the 
DSM employed 105 personnel and among those around 10 was working with 
cadastral surveying (Myles et al., 2009).  

Within the DSM there are three technical divisions with the Surveying Division 
being the one examined in this study. They are responsible for conducting cadastral 
surveying, providing national control frameworks, administrating of land survey 
regulations, demarcation of national boundaries and raising so called ‘beacons’ in 
corners of the already established plots (DSM, 2015). 

Since 2000, processes have been transformed from an analog dominating operation 
to digital methods and procedures (DSM, 2015). This was done through the 
Integrated Geographical Information Systems (IGIS) project, a collaboration 
between the DSM and Swedesurvey. IGIS was initiated to improve access to 
cadastral information, improve management at the DSM and more. Collaboration 
between Sweden and Botswana in the matter of the surveying profession is not 
limited to the IGIS-project and Swedesurvey have been involved in project 
sporadically between 1987 until today. In a recent evaluation it was observed that 
data quality produced by surveyors in Botswana has been compromised due to non-
adherence to current policies together with the lack of metadata of the geo-
information. 

The DSM is alone responsible for the examination of the surveying work done by 
the land boards and the private surveyors. It is the director of the DSM who is the 
head of the department. 

University of Botswana 
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The University of Botswana (UB), founded in 1982 after being part of a regional 
university system together with neighbouring countries since 1964 under a different 
name, is the largest institute of higher education in Botswana (University of 
Botswana [UB], n.d.). The university has close connection with political institutions 
and serves an important role in the national development process. It wasn’t until 
year 2010 UB introduced a land administration program in the form of a Bachelor of 
Land Management. Previously all courses in land managements were included as 
courses in other programs such as the Bachelor of Geomatics program introduced in 
1992. The main purpose was to cater the land boards and the DSM with survey 
technicians (Myles et al., 2009).  

Private surveyors and the Institute of Geomatics 

Like many other countries, the private surveyors of Botswana constitute an 
important role in the surveying industry. In 2001 the Institute of Geomatics 
(formerly know as Botswana Surveying & Mapping Association) was established in 
order to grow and promote the domestic geomatics industry (Botswana Surveying & 
Mapping Association, 2015). The institute consist of around 270 members including 
GIS-engineers, technicians and surveyors. In 2009 about 10-20 surveyors in the 
private sector devote their time to cadastral surveying (Myles et al., 2009) but the 
number has most likely risen since then.  

Private surveyors can work on governmental contracts and preform cadastral 
surveying but are regulated by the LSA and report all their work for examination to 
the DSM. 

Land Surveyors Council 

The Land Surveyors Council (LSC) consists of six representatives from the 
surveying institutions of Botswana. Today the board consist of two representatives 
from the DSM, one from the academia (UB), one from the private sector and two 
from the land boards. By law, the director of the DSM is always the chairman of the 
LSC. The board also consists of a vice chairman and a secretary. The other three 
associates titles are council members. Among the objectives of the LSC is to 
preform the annual exams to become a licensed surveyor. Also the LSC is the 
disciplinary institution of the surveying community in Botswana.
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Land Boards 

There are 12 main land boards across Botswana with additional 41 sub land boards. 
To some extent the land boards administrative areas follow the ten district 
boundaries, but there are exceptions. The land boards manage all administration of 
tribal land in Botswana and are mainly regulated by the tribal land act. Typical 
responsibilities of the land boards are land allocation and registration  (Myles et al., 
2009).  

1.2.2 The Land Survey Act 

The LSA is an extensive domestic document regulating the majority of topics 
concerning surveying in Botswana.  It is the most used regulating document among 
surveyors in Botswana and is referred to daily in the reporting and examining of the 
work done by surveyors. The document have not been completely reviewed since 
1993, hence it does not include techniques and practises introduced since then, 
GNSS included. However there are several other legal frameworks that regulate 
how the land is administrated in Botswana (Myles et al., 2009). Among them are the 
state land act regulating administration of state land and the tribal land act regulating 
the tribal land.  

In order to review and update an act, they have to go trough an intricate 
bureaucratic process with political involvement and it is argued that would be the 
reason why they are rarely updated.  

1.2.3 The two coordinate systems of Botswana 

Today surveying is not conducted within solely one coordinate system in Botswana. 
Instead two different coordinate systems are being used simultaneously. What is 
referred as the old system or the ‘LO-system’ is more correctly called the Botswana 
Terrestrial Reference System (BTRS) (DSM, 2015). BTRS is based on a local South 
African datum, the Cape Datum, with origin from the 19th century (Rural 
Development and Land Reform, 2013). The datum is referenced to the Modified 
Clark 1880 ellipsoid. In 2002 a new coordinate system, called Botswana National 
Geodetic Reference System 2002 (BNGRS02), was introduced for the purpose of 
making one improved uniform system without local projection zones. It would be 
more compatible with the GNSS technique than the old system and would be based 
the Geodetic Reference System 1980 (GRS80) Ellipsoid (Myles et al., 2009). 
Segobye (2017) wrote a report on the difficulties of evolving into the newer system. 
He primarily pointed to the lack of an accurate transformation model, incorporated 
in a fast and powerful transformation software as the main cause.  
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2 Theory 

2.1 Cadastre 

In order to work and implement a cadastre (also spelled cadaster but in this paper 
the previous spelling will be used) system one must know its definition. Williamson, 
Enemark, Wallace and Rajabifard describe a cadastre as “an official record of 
information about land parcels, including details of their bounds, tenure, use and 
value” (Williamson et al., 2010, p. 696). This should not be mistaken as being the 
same thing as land registration as that is viewed upon as a subcategory of cadastre. 
Van der Molen instead describes land registration as “a process of recording land 
ownership, rights to land, and obligations of land owners and users” (Van der 
Molen, 2011, p. 308). Alemie et al. (2015) summarise and state that cadastre is a 
system that contains a cadastral map and the land registration process; hence 
cadastre is considered equal to the term ‘land administration system’.  

It is likely that the modern cadastres originates from the ones of the ancient 
civilisation of Mesopotamia and have developed into three different kinds of 
cadastres (Williamson et al., 2010). The fiscal cadastre which acts as a support 
during taxation and valuation, the legal cadastre which gives the owner a security in 
land rights and the multipurpose cadastre which is a support for land use, planning 
and management of the land (Alemie et al., 2015). Deininger and Feder (2009) go 
as far as state that a cadastre system is essential for economical, social and 
environmental development within a country. Kurwakumire (2014) continue and 
argues that land in every country is the core of the nation’s economy and its 
governance. Without up-to-date information it becomes difficult to implement 
planning, development and exploitation of land in the future progress of the 
community.  

For developing countries, Botswana included, this becomes a challenge since 
cadastre system is often incomplete (Gelder, 2010). Alemie et al. (2015) add that a 
developing country such as Botswana might lack historical experience of cadastral 
systems and institutional frameworks, have a poorly administrated cadastral system 
and lack of financial resources.  

Shnaidman et al. (2013) have summarised what characterises cadastre of analogical 
nature. Ground measurements linked to the national coordinate system are logged 
in field books along with the coordinates of plot border vertices. Each plot is given a 
unique value within a block. These measurements of varying accuracy are mostly 
stored in paper files.  
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2.1.1 The cadastral system of Botswana 

All land in Botswana is divided of three different tenure systems, Freehold land, 
State land or Tribal land (Myles et al., 2009). Figure 2 illustrates the distribution of 
the three systems across Botswana, which in 2010 were 4 % freehold, 25 % state 
land and 71 % tribal land (Sietchiping & Ezigbalike, 2010). 

 

Figure 2. Distribution of the three land tenure systems of Botswana (Myles et al., 2009). 

Freehold land is a trace of the remains from the British colonial system. Prior the 
independence when Botswana was a British protectorate much of the tenure system 
was alike the systems in the neighbouring states (Apex Properties, 2014). 
Therefore, the freehold system was introduced in Botswana. Freehold land allows 
perpetual ownership right and is transferrable between owners (Myles et al., 2009). 
The government do not allow establishment of new freehold land but freehold land 
can be transformed into state land. Therefore the percentage of freehold land is 
steadily decreasing and has done so since the independence. The DSM administrates 
the freehold tenure system. 

State land consists of urban areas such as cities and townships together with national 
parks and game reserves etc. and is owned by the state and can never be sold. 
Instead a lease system is practiced. Any Botswana citizen above the age of 18 have 
the right to apply for residential plots to be allocated to them without charge 
(Ministry of Lands and Housing, n.d.). If assigned a plot, one has the right to 
develop the plot and lease it for 99 years if the plot is for residential purposes. Other 
applications than residential e.g. commercial are usually given a lease period of 50 
years. The DSM administrates the state land tenure system. 
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Tribal land is all remaining land beyond the freehold and state land and embodies the 
majority of Botswana’s land mass (Sietchiping & Ezigbalike, 2010). Here the land is 
allotted through different law grants. Residential and arable lands are usually 
regulated by perpetual grants that are inheritable and transferrable. Commercial and 
industrial lands are usually regulated by a similar leasing system as the state land 
where leases of 99 and 50 years are awarded depending on the land use (Myles et 
al., 2009). It is the 12 main land boards (and their 41 subordinate land boards) that 
administrate the tribal land system (Ministry of Lands and Housing, n.d.).  

2.2 Global Navigation Satellite System 

GNSS is the general term of the satellite based navigation system that generate 
three-dimensional positioning for the operator using radio signals transmitted by 
satellites orbiting the earth (Groves, 2013). There are several systems of this 
technique both fully operational including the American Navigation by Satellite 
Ranging and Timing Global Positioning System (NAVSTAR-GPS) commonly 
referred to as GPS and the Russian system Globalnaja Navigatsionnaja Sputnikovaja 
Sistema (GLONASS). Galileo, the European Union collaboration development is 
reported to be in Full Operational Capability (FOC) in 2019 (European 
Commission, 2017) and the Chinese BeiDou Navigation Satellite System’s global 
system, Compass, will reach FOC in 2020 (The State Council Information Office of 
the People’s Republic of China, 2016). 

The GNSS technique is cost-efficient and do not require large investments by the 
user according to Häkli et al. (2013). Tamrakar (2013) adds and states that the 
technique is economically viable, increases flexibility for the user, is time-saving, is 
not hampered by day light or weather in the same way as a total station and enable 
simple field operation for the user. Parker (2015) points out that an easy to use 
technology does not always bring advantages. More classical instruments like the 
total stations or theodolites made surveyors more aware of computations and the 
mind of the surveyor was used throughout the process. The introduction of GNSS 
has reduced the task of the surveyor and the operators rely too much on the 
instrument and the software. In that way GNSS have become a ‘black box’ (press 
the button) technology according to Parker (2015). 
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There are two kinds of position determinations, the absolute positioning and the 
relative positioning. The absolute positioning is characterised by only using one 
receiver and its position is calculated directly from the satellites. What differs the 
relative positioning from the absolute positioning is that relative positioning measure 
a point relative to a known point on the ground. By doing so most error caused in 
absolute positioning is reduced or eliminated, resulting in a better accuracy of the 
measurements. In relative positioning a minimum of two receivers are used. Beside 
the receiver of the user, the remaining receiver can either be a permanent reference 
station or a temporary one (Lilje, Engfeldt, & Jivall, 2007). The Continuously 
Operating Reference Stations (CORS) reference stations recently introduced in 
Botswana are examples of permanent stations and can be accessed by several users 
simultaneously. The geomatics-instrument manufacturer Leica Geosystems 
describes a CORS station and writes that it 

comprises a GPS receiver and antenna set up in a stable manner at a safe location with a 
reliable power supply. The receiver operates continuously, logging raw data, perhaps also 
streaming (continuously outputting) raw data, and often outputting RTK … data for 
transmission to RTK, GIS and GPS navigation devices. (Leica Geosystems, 2005, p. 2) 

Today 56 CORS stations have been installed in the Botswana system. However they 
are not in full operation and many of the stations are not working properly caused 
by insufficient infrastructure and deficient supply of reliable Internet connection. 
Seen in figure 3 is a map of all the CORS station and their operational status. 

 

Figure 3. Map showing CORS stations in the Botswana system with indication of their operational status (green 
– operating, yellow – malfunctioning, red – not operating) (Trimble, 2017).  
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3 Methods 

The methodology of this study was done in three steps. Firstly, a study of literature 
was conducted to learn more about the subject in general. This included a review of 
three international guidelines regarding GNSS in order to learn of some of the 
existing legislations today. Secondly, an examining was made on how cadastral 
surveying is practiced in Botswana today and what guidelines and recommendations 
are currently in use. This was done by conducting interviews with surveying 
personnel in Botswana. Lastly, a new document was formulated that suggests how 
to conduct GNSS measurements in cadastral surveying in Botswana. Throughout the 
process consideration was taken to the possibilities that are specific for Botswana 
since they presumably are not the same as e.g. Sweden.  

3.1 Literature study  

A literature study was conducted to obtain useful knowledge of cadastral surveying 
and GNSS in general. Databases that were used were ScienceDirect, Google 
Scholar, Taylor and Francis Online and the University of Gävle’s own search 
function Discovery. Search words included, but were not limited to, GNSS, 
Botswana, Cadastre and Cadastral Surveying.  

International guidelines from three different countries were reviewed and formed 
the majority of the new guidelines together with findings in previous research and 
information from the interviews. The three countries of choice were Sweden, UK 
and Australia and the three summarised documents were the:  

• HMK from Sweden from 2015. 

• Royal Institution of Chartered Surveyors (RICS) Practice Standards from UK 
from 2010.  

• Surveyor General’s Directions from New South Wales (NSW), Australia 
from 2013.  

The Swedish guidelines were chosen because of the authors connection and 
understanding to the Swedish cadastral system and GNSS conduct in Sweden. The 
guidelines from UK were chosen because of the colonial connection between UK 
and Botswana. The Australian guidelines were chosen because they were well 
structured and written in a reader friendly manner, which was in line with the 
ambitions of the new Botswana guidelines. Optimal would have been to review 
another existing international guidelines from a neighbouring country of Botswana, 
ideally South Africa, but they remain to be completed (Parker, personal 
communication, 11th of April 2017). 
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In table 2 below, a summary is made of the accepted GNSS techniques in cadastral 
surveying, steps of executions, accuracy requirements and the conduct of 
instrument verification from each of the three international documents.  

Table 2. A summary of the three international GNSS guidelines (Jämtnäs et al., 2015; RICS, 2010; Gardner, 
2013). 

 HMK (2015) 
Sweden 

RICS (2010) 
UK 

Surveyor General’s 
Directions NSW (2013) 

Australia 
Accepted 

GNSS 
Techniques 

for Cadastral 
Surveying 

 
Static 
RTK 

Network-RTK (CORS) 

Static 
RTK 

Network-RTK (CORS) 
On-The-Fly Kinematic 

PPK 
Long Range-RTK 

Static 
RTK 

Network-RTK (CORS) 
Static (CORS) 

AUSPOS (Post Processing) 
PPP 

 
 
 
 

Steps of 
Execution 

 
1. Planning 
2. Fieldwork 
3. Data Processing 
4. Controll 
5. Documentaion 
6. Delivery 

1. Planning 
2. Fieldwork & 

Observation 
3. Data processing 
4. Co-ordinate 

systems 
5. Reporting 
6. Essential 

considerations for 
GNSS surveys 

 
 
 
 

It varies depending on the 
different techniques 

 
 

Accuracies 

Class 1-4: 
6-40 mm (2D) 

10-80 mm (Height) 
 

Station density: 
0-100 km 

High-Precission:  
20-80 mm 

 
 

Station density: 
Not specified 

Class A-C: 
10-60 mm 

 
 

Station density: 
0,8-10 km 

Verification 
of GNSS 

Equipment 

 
At least once a year 

Checked and maintained on 
regular basis, typically every 

six months 

 
Annual verification 
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3.2 Interviews  

In order to obtain accurate and up-to-date information about the cadastral system 
and practices in Botswana, interviews needed to be conducted. The method of 
choice was decided after a deliberation of the alternatives. There was no possibility 
to conduct GNSS measurements of our own which would have been another 
interesting approach. To go with quantitative research method with e.g. 
questionnaires were perceived it would not provide the in depth answers that was 
strived for.  The alternative would be to conduct interviews with the ones actually 
doing the measurements and other important stakeholders. They would therefore 
have experience of the surveying technique and cadastral system in Botswana. After 
further consideration it was decided that the interviews would be held in semi-
structured form. Semi-structured interviews are characterised by the interviewer 
having prepared some themes and questions that concerns the subject in advance. 
The interviewer is then free to adapt the interview before and during the interview. 
Thus, the form of the interviews may vary (Saunders, Lewis, & Thornhill, 2012). 
Semi-structured interview is the best method for encouraging meaningful response 
(Patton, 1990). They also have the advantage of the interviewer adding questions or 
ask supplementary question to an answer that one might want to explore further. A 
possibility lost if structured interviews would have been used. Biggam (2015) 
summarises that with use of this method the interviewer have “the opportunity to 
confront core issues and at the same time allows the interview process to take 
unexpected twists and turns” (Biggam, 2015, p.183). The interview can be held 
one-on-one or in groups but the importance is to conduct the interview on the 
interviewees’ terms. The research is done as guests in their environment and ones 
own values must be put aside. 

3.2.1 Interviews conducted in Sweden 

Four interviews were held in Sweden with one current and one prior personnel at 
Swedesurvey and two practising surveyors conducting cadastral surveying in 
Sweden. The Swedesurvey personnel both have experiences of working in Botswana 
and the interviews were held with the pure purpose of receiving information. They 
were able to provide specific information otherwise not accessible to the public. 
Also a valuable point of these meetings were to establish contact with personnel in 
Botswana that they had previously worked with. In order to get a good 
understanding of how cadastral surveying with a GNSS instrument is done in 
Sweden two active surveyors were interviewed from the local surveying office of 
Uppsala. There were no recordings of the interviews conducted in Sweden, as they 
were not to be included in the result of the study. 
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3.2.2 Interviews conducted in Botswana 

In Botswana, 16 semi-structured interviews were held with 17 interviewees. The 
length of the interviews was within the range of 24-57 min. The population to 
choose interviewees from were personnel with experience of the cadastre system 
and its implementation and management, lecturers at UB, decision-makers at the 
DSM and other governmental institutions and practicing surveyors in general. 
Consideration was also made to find interviewees with different seniority within the 
field and gender to cover a representative selection from the population. Fourteen 
of the interviewees were men and three were women. The complete list of the 
interviewees with their titles and institutions are found in table 3. After requests 
from some of the interviewees to remain anonymous a decision was made to not use 
any names in the report. All the interviewees except one approved recording of the 
conversation. The recordings were taped using a MacBook Pro 10.11.2 in the 
software QuickTime Player 10.4. 

Table 3. List of the institutions and professions of the seventeen interviewees. 

Institution Title/Profession 

DSM & LSC Director & Chairman 

DSM Chief Surveyor 

DSM & LSC Head of Survey Examination & Board Member 

DSM Principal Surveyor & Survey Examiner 

DSM Principal Surveyor & Survey Examiner 

DSM Principal Surveyor & Survey Examiner 

UB & LSC Senior Lecturer & Board Secretary 

UB Head of Geomatics Section & Lecturer 

UB Lecturer 

UB Lecturer 

UB Senior Technician 

Private Surveyor & LSC Senior Surveyor & Dep. Chairman 

Private Surveyor Senior Surveyor 

Mogoditshane Sub Land Board Sub Land Board Secretary 

Tlokweng Land Board Senior Surveyor 

Institute of Geomatics Chairman 

Institute of Geomatics Member 

 

The interview questions template used is found in Appendix A. 
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4 Results 

The results of this study are presented in the three following chapters where a short 
account on how the guidelines were formulated followed by the challenges facing 
the surveying community and potentials of the implementation of the guidelines.  

4.1 Development of GNSS guidelines for cadastral 
surveying in Botswana 

The formulated suggestion to guidelines can be found in Appendix B. Parts of the 
guidelines were derived from the existing international guidelines presented in 
section 2.4. A meticulous consideration was made when each of the parts was 
selected in order to fit the system of Botswana. The selection was wholly based on 
the information gathered from the interviews and the perception of the authors 
gained trough the interviews. The remaining parts of the formulated guidelines, 
beside of those derived from the international guidelines, were copied and reviewed 
from this document. 

4.2 Challenges in the surveying community 

The challenges discovered from the interviews were divided into three groups, 
‘challenges related to the lack of standards’, ‘technological challenges’ and 
‘institutional challenges’. Below is an account for all challenges learnt from the 
interviews.  

Challenges related to the lack of standards 

When talking of challenges related to the lack of standards the most obvious issue 
for the majority of the interviewees was that modern instruments such as the one of 
GNSS (the CORS system, drones and deformation monitoring techniques was also 
mentioned) was not regulated. This caused for several more problems such as 
everybody conducting their work in their own manner without any unity in the 
sector. That all work was done through experience, hence junior surveyors and 
students have a though time learning the ways of the techniques and systems. That 
there is bad documentation from today and in the past of the surveys because there 
is not any regulated right ways to do it. The fact that there are not any regulation 
also causes for disputes. No one can refer to any document if an argumentation 
between conducts would emerge, which several of the interviewees pointed to. 

Today the LSA does not mention anything about any verification process of the 
instruments, which the majority of the interviewees saw as troublesome. When 
asked if they believed there was need for all respondents agreed.  
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Since the LSA is used to a very large extent today among surveyors, it was heavily 
debated if this new document including GNSS and other techniques should be 
incorporated within the act or not. Some argued that to include them into the act 
would give the guidelines credibility and would force surveyors to use and refer to 
them. On the other hand, if the guidelines would be incorporate in the LSA, a few 
years in the future, Botswana would face the same issues they face today. This is due 
to the fact that the techniques change much more rapidly than any official state 
document would ever do. The suggestion would instead be to have a separate 
document, referred to within the act, but would not need to go through the same 
political process in order to update it. 

Today there exists two separate coordinates system used simultaneously within the 
country. This causes problems since the users are not forced to use the newer 
improved system so they stick to the one they are familiar with, the BTRS system. 
Many of the interviewees thought that it is not only the responsibility of the DSM to 
enforce the new system, but the whole surveying community who had to strive 
towards change in this matter. When asked who hade the power to enforce these 
changes the majority thought that the DSM is the only institution with the means to 
do so by regulating the LSA. 

Two of the interviewees requested regulations of ‘code of conduct’ and ethics 
among the surveying community. They believed that this would further enhance the 
work performance and motivation of the surveyors. 

Technological challenges 

Botswana also struggle with several technological difficulties. It was expressed that 
there were a problem of having insufficient transformation parameters between the 
two coordinates systems. Both of the coordinate systems also suffer from inadequate 
control points distributed over the country. Several of the interviewees complained 
about the CORS stations not working properly but there was little knowledge of 
why. Officials at the DSM pointed towards poor Internet infrastructure as the main 
cause. In the academia concerns was raised over the shortage of modern instruments 
in the educational system and that the students would not understand the underlying 
theories of the technique, what is referred to as the problems related with the use of 
‘black box technology’. 
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Institutional challenges 

From what was learnt from the interviews there are also some institutional 
challenges to talk about. A bystander might point to the fact that the DSM in general 
and the director specifically has very large influence within the surveying field. The 
DSM already has very much influence on its own the director is also the head of the 
LSC which gives him a lot of power in that institution too. Or as one of the 
interviewees put it “who’s controlling the controller?”. The director and other 
representatives of the DSM contradicted this and expressed that they did not share 
this point of view at all. The directors’ position has to be renewed every fifth year. 
At the end of his term he has go through an assessment done by impartial comity and 
account for the term he has been sitting. If he is found undesirable, his contract will 
not be renewed. Also representatives of the DSM emphasised that there are close 
cooperation with other surveying institutions and they have the power to influence 
decisions made by the DSM. 

One of the interviewees pointed out that there are too many institutions within the 
country, thinking mainly on the large number of land boards. His point of view was 
that the land boards could and should be under one large institution and in that way 
would be easier to govern. The representatives from the land board did not agree to 
this statement and instead pointed to the fact that their local connection, which 
would be lost if were to be incorporated within an larger institution, is one of there 
stronger features when dealing with delicate assignments. Other pointed to that the 
institutions in general have bad cooperation among them, that every institution is 
pulling there own way and are only interested in their own matters. This also was 
not shared among all interviewees. They debated that since Botswana is a small 
country and the surveying community even smaller, cooperation was very necessary 
and was working well among the stakeholders. They did not agree that any 
opposition existed within the field. 

One interviewee pointed to the fact that change causes resistance, implying that the 
surveying community would not easily adopt a new set of guidelines. This was 
widely opposed by the majority of the interviewees. Instead the surveying 
community and particularly the academia was longing for new guidelines to be 
established, that they wanted to be regulated. Today if there are any uncertainties in 
the education or elsewhere there is nowhere to refer to and in that way the majority 
of the surveyors in Botswana would be welcoming new guidelines. 
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Another challenge that was mentioned by some of the interviewees was that there is 
a shortage of well-educated, progressive surveyors within the country. Being one of 
the least densely populated countries in the world results in a small group of 
surveyors managing a very large land mass. The international support gained from 
e.g. the collaboration between the Swedish governmental authority Lantmäteriet in 
the past is now somewhat forgotten. One interviewee expressed that a longer 
period of collaboration and support would have helped the DSM to push for further 
development. The geographical proximity to South Africa has caused a great 
resemblance in the cadastral systems of the two countries. One interview said, 
“Normally we wait until South Africa has developed their guidelines and than we 
implement it”.  

4.3 Potentials of introducing guidelines 

According to the interviewees there are several potentials to talk about if new 
guidelines were to be established. First of all, since the DSM is the governing 
institution and oversees all the cadastral surveying done by land boards and private 
surveyors, they have a great possibility to force the community to adapt new 
guidelines. Every surveyor conducting cadastral surveys needs to get their work 
examined and approved by the DSM. If surveyors would not want to comply, the 
DSM could easily revoke their contracts and reject work done according to out-
dated regulations. Secondly, since there already exist a large number of GNSS users 
within Botswana the regulations are very sought for. One interviewee summarised it 
by saying “everybody is waiting for the guidelines so there should not be any trouble 
to introduce them”. 

One way of conducting measurements would also result in consistency according to 
the interviewees. This would in the long run facilitate the control process for the 
DSM and increase the understanding of the work of other surveyors.  

The proponents of including the GNSS guidelines within the LSA argued that it 
would be very easy for a surveyor to find the right way of conduct since everything 
would be regulated in one single document. Since the LSA is a law-biding document 
everybody would have to follow these new regulations. 

Representatives from the academia explained the value of being able to include the 
new official regulations into the education. They would be able to adapt their 
curriculum around the document and be confident that their teaching would be in a 
correct manner. Or as one interviewed teacher said, “when they (the students) get 
out there they know exactly what is required from them” referring to what benefits 
there would be by implementing the guidelines into the educational system. 
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5 Discussion 

5.1 Development of guidelines  

The development of a suggestion to domestic Botswana guidelines by reviewing 
existing international ones proved a bit problematic. The conduct and requirements 
from one country does not necessarily comply very well to another. One must put 
into account that the guidelines found attached in Appendix B is a mere suggestion 
and not necessarily the best alternative of regulation for Botswana.  

5.2 Challenges in the surveying community 

There is no doubt that Botswana is facing several tough challenges within the 
surveying community. From a bystander perspective with use of a different system 
and circumstances, these challenges can be preserved as unconquerable. 
Nevertheless life goes on in Botswana and within the field of surveying there is little 
despair. Comparing Sweden, UK or Australia with Botswana is not really a fair 
comparison. One must take into account that Botswana is a very young country, 
with a fiftieth anniversary in 2016. This is in line with Almie et al. (2015) statement 
that developing countries lack in historical experience of administrating a cadastral 
system. However, after conducting several in-depth interviews the authors of this 
paper were not left with the feeling that nothing is happening, which could have 
been the case of an onlooker. Instead the development is undergoing but in a pace 
accustomed to Botswana and Africa. Even though many were very aware of the 
challenges they were facing there is still a seemingly functioning system in 
operation.  

The interviews revealed several problematic issues in the surveying community. All 
of the interviewees thought that the lack of standards was problematic, which was an 
expected result and also confirms the statement of Almie et al. (2015), that a 
developing country usually has lacking institutional frameworks. This causes 
Botswana to not be able to keep up on technological standards and prevent efficient 
management (Shnaidman et al., 2013). Many of the interviewees expressed concern 
about the work done by different surveyors resulted in non-consistency within the 
country due to the lack of regulations. A view shared by Tamrakar (2013) who 
stated that consistency would facilitate the work for workers in the entire surveying 
community. 
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Botswana have invested a lot of money in an CORS system but it is not working 
properly according to several of the interviewees, which is confirmed by figure 3 
showing the operational status of the stations. The ambition is there but since there 
is a lacking access to a reliable Internet source across the country, the system is not 
operating accordingly. It is difficult to predict what next move should be in this 
matter. In the research conducted by Häkli et al. (2013) 58 reference stations was 
enough to obtain satisfactory accuracies which is almost an equivalent number 
compered to Botswana’s 56 stations. However this research was conducted in 
Finland, a country with roughly half the size of Botswana. This indicates, as Häkli et 
al. (2013) suggest, that the CORS system might have to be densified in Botswana to 
obtain similar accuracies as the ones in the Finnish research. One must also consider 
that it is uncertain if that would really help as long as Botswana struggles to keep the 
stations operational due to insufficient Internet connection. Of the 56 stations 
installed only 28 was operating correctly on the 14th of April 2017 (Trimble, 
2017). 

Parker (2015) mentioned the problem with ‘black box technology’ related to the 
work with GNSS equipment. This was also confirmed by several of the interviewees 
and representatives from the academia feared that students would not learn the 
theories behind the technology and therefor not always understand the best conduct 
or method of choice in certain situations. 

The small population of Botswana causes the relative few educated surveyors to 
alone tackle the many facing challenges. Botswana no longer qualifies for foreign 
support because of their economical success, which further stresses the matter. This 
contradicts the statement of Alemie et al. (2015), that a developing country such as 
Botswana would not have financial resources to implement improvements. 
Historically Botswana have relied a lot on the development in South Africa and 
followed the practice there. This is one reason there is a great resemblance between 
the two systems. The fact that no guidelines for GNSS measurements have formerly 
been introduced in South Africa could be the reason no progress have been made in 
Botswana with reviewing the regulations.  
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5.3 Potentials of introducing guidelines 

There are several reasons for Botswana to try to improve their cadastral system in 
general and as a consequence develop guidelines. A well functioning cadastral 
system ensures the right of an owner in a conflict (Chief Surveyor-General, (n.d.); 
Alemie et al., 2015). A cadastral system works as support during taxation and 
management of land (Almie et al., 2015), is essential for economical, social and 
environmental development of a country (Deininger & Feber, 2009) and is a core 
part of a country’s economy and governance (Kurwakumire, 2014). The interviews 
did not reveal a clear understanding of benefits described above. There was however 
a predominant will to work towards improvement. The majority of the 
interviewee’s thought that it has to be the DSM that should lead the work of 
updating and introducing the guidelines since they have the means to do so because 
they are the examining authority. To administrate land survey regulations is also in 
their own work description (DSM, 2015) and concern should be raised why this is 
not happening. There was much disagreement among the interviewees if the new 
regulations should be included within the LSA or not. One side thought that 
workers would not be obligated to follow the new regulations if they were not 
included while the counterarguments was that if they were included, the same 
situation Botswana is in now, where the guidelines are out-dated, would repeat it 
self as soon as the technology changes.  

5.4 Methodology selection 

The approach of this research, to conduct interviews and review existing guidelines 
was a suitable approach in the sense that there was no point in reinventing the wheel 
when writing the new guidelines. On the other hand, the conducts of one country 
might not be applicable for another country. The circumstances of countries like 
Sweden, UK and Australia are not the same as in Botswana. They have a much 
longer history of managing cadastral systems and have reached a greater 
technological development than Botswana. 

The interviews resulted in an extensive understanding of the practices within the 
cadastral system. The semi-structured interviews made it possible to ask follow up 
questions and reach an in-depth understanding, much like Biggam (2015) describes. 
Nevertheless, further understanding would have been reached if own measurements 
would have been conducted or some observations of the actual fieldwork of the 
surveyors would have included in the research. 
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6 Conclusions 

The aim of this study was to come up with a suggestion to domestic Botswana 
guidelines for GNSS measurements in cadastral surveying and in the mean time 
account for the challenges the surveying community is facing and what potentials 
guidelines of this sort could result in. A suggestion of what domestic Botswana 
GNSS guidelines in cadastral surveying could look like is found in Appendix B. 
Concluding remarks are found of the existing challenges in the surveying 
community together with the potentials of the guidelines implementation in the 
following two subsections. Also a brief account is made of how a project of this sort 
can contribute towards sustainable development and proposals for future research. 

6.1 Challenges in the surveying community 

It is safe to say that Botswana has a long way to go to reach an efficient and easily 
managed cadastral system as found in Sweden, UK or Australia. In order to fully use 
the potential of a well-functioning cadastral system in a lands economy, Botswana 
must continuously work for development within the field. Since Botswana no longer 
receives as much of foreign support because of the nations stable economy, they 
must sort out their challenges by them selves. The interviews revealed the 
dependence of Botswana to South Africa. Since guidelines remain to formulate even 
in South Africa, it could explain why the development of guidelines are lacking in 
Botswana as well. 

There are no quick fixes to the challenges Botswana is facing. The burden on the 
DSM, who is the authority responsible of resolve all the challenges, is 
overwhelming. The surveying community must work together, as many of the 
interviewees suggested, towards progress. They must raise awareness of the 
potentials of what impact a well-working cadastral system could have in the 
economy of the country. It is the authors believe that even though there exists hard 
working, knowledgeable surveyors within Botswana, international collaborations is 
essential to overcome many of today’s challenges. 
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6.2 Potentials of introducing guidelines 

From what was learnt from the interviews, it was very clear that one could expect 
very little resistance of introducing new guidelines in surveying community. It was 
sought for from all different institutions and since all surveys must go through the 
DSM for approval, they have great possibility to implement the changes. The fact 
that introducing guidelines would bring consistency to surveying practice was 
confirmed by the interviews. The results also pointed towards that the institutions 
would experience unity between one another if guidelines would be established. 
The academia would benefit from having updated regulation to include in their 
syllabus and teachers would gain confident that they are teaching the right methods.  

The question if the new guidelines should be included in the LSA or not, it is the 
authors belief that there should be a mention of the guidelines but they should be in 
a separate document in order to not have to repeat the ordeal of updating the LSA. 
Instead an autonomous document that is easily updated, without political 
interference, would be to prefer. 

6.3 Sustainability 

Sustainability and implementing ones work in a long-term perspective is important 
in all projects. The guidelines formulated in this project should be able to simplify 
the cadastre system and GNSS measurements therefor help the country of Botswana 
in on-going development towards a modern cadastral system. As was mentioned in 
section 2.1, a modern, well functioning and reliable cadastral system is essential for 
economical, social and environmental development within a country (Deininger & 
Feber, 2009) and is a core function of every nations economy and governance 
(Kurwakumire, 2014). Since developing countries historically have had challenges 
with their cadastral system (Gelder, 2010; Alemie et al., 2015), all actions towards 
a well functioning one are valuable. 

6.4 Future research 

The limitations of this research caused the authors to restrict the data collection to a 
literature review and interviews. Another interesting approach that would further 
have deepened the understanding would have been to observe the work of local 
surveyors and/or conduct own measurements and in that way test the accuracy 
requirements etc. Only then could one truly appreciate the conduct and the 
challenges Botswana faces. Another interesting approach would have been to, during 
the final development of the suggested guidelines, establish the guidelines within a 
focus group under the supervision of the authors. The focus group would typically 
consist of personnel with key positions within the field as the many interviewees of 
this research. 
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Appendix A 

Interview Questions: 

General questions 

1. What is your professional title? 
2. How long have you been working at your current position?  
3. Can you describe your profession/work/tasks at your workplace? 

Questions of the cadastral system 

1. Can you describe the cadastral system of Botswana? 
2. Would you say that the cadastral system works well today? 
3. Have you encountered any problems with the cadastral system of Botswana 

in your work? 
4. Can you think of any improvements of the cadastral system in Botswana? 

a. Who is responsible for enforcing the change? 
5. Who administrates the cadastral system today? 
6. How do you/the public get access to the cadastral system (open/closed)? 
7. How is changes made in the cadastral system documented? 

Questions about current guidelines 

1. Can you describe the current guidelines in use today for cadastral surveying 
in Botswana? 

2. What instruments are included in the current guidelines? 
a. Are there any guidelines for GNSS? 

3. Who do you believe use the current guidelines? 
4. How do you use the current guidelines in your work? 
5. Is the current guidelines widely used among surveyors and other actors 

within the field (do people really use it)? 
6. Have you encountered any problems with the current guidelines? 
7. Can you think of any improvements of the current guidelines in Botswana? 
8. What negative aspects can you think of not having up-to-date/any 

guidelines? 
9. Who is responsible to establish new guidelines? 

a. How is that done/what’s the process? 
b. How often are they reviewed? 

Questions about outcome of new established guidelines 

1. How do you wish the new guidelines should be formulated (like the old 
ones/totally reviewed/no opinion)? 

2. Who would have use of the new guidelines? 
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3. What would be the challenges to introduce new guidelines in the field? 
4. If new GNSS guidelines would be established for cadastral surveying, can 

you see any benefits of doing so? 
5. Can you see any specific benefits in your own work if new guidelines would 

be formulated? 
6. What would be the benefits of one common set of guidelines to be use in 

both public and private sector? 

Questions about the GNSS-technique 

1. What instruments do you use when you are conducting cadastral surveying? 
2. Have you ever worked with GNSS in your profession? 

a. In what ways? 
b. In what projects? 
c. Do you use GNSS when you are preforming cadastral surveying? 
d. What techniques do you use while preforming GNSS-measurements 

(e.g. Precise Point Positioning, Real Time Kinematic, Post 
Processing Kinematic, Static measurements)?  

e. What brands are widely used among the GNSS practitioners?  
f. Does the instruments go through any annual verification process?  
g. Do you believe there is a need for one? 

3. What coordinate system do you use when conducting the measurements?  
a. Is it working well would you say? 

Requirements of the new Guidelines 

1. In your work today, do you consider the accuracy and uncertainties of your 
measurements?  

a. Who states the rules for accuracy today? 
b. How did you come by them? 
c. If you did not meet the accuracy requirements in your 

measurements, what do you do? 
2. What accuracy and uncertainties-requirements do you believe would be 

sufficient when preforming GNSS measurements in cadastral surveying for 
Botswana? 

a. Would the requirements differ between measurements in rural and 
urban environments?  
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Appendix B 

A suggestion to GNSS guidelines for Cadastral Surveying in Botswana begins on the 
next page. 
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Please note: 

1. This document was developed as part of a third year thesis project by two Swedish 
students from the University of Gävle, Sweden. The authors of this document are in that 
sense not professionals. 

 

2. Often more detailed instructions, than the ones provided in this document, can be found 
online of specific GNSS techniques and instruments distributed by the manufacturers. 
Since all instruments and manufacturer operate in different methods and this guideline 
only addresses general instructions, the authors therefore recommend every surveyor to 
research online for manufacturer specific guidelines.  

 

3. This document is not an official Botswana document approved by any of the surveying 
authorities in Botswana. This document is a mere suggestion what a document of this 
nature could look like and consists of. It is of great importance that if this document was 
ever to be adopted by any of the surveying institutions of Botswana, has to be reviewed 
by professionals with extensive knowledge of the cadastral system of Botswana and the 
GNSS technique and practice. 

  

4. These guidelines are not comprehensive. There were subjects that the authors did not 
have time to investigate to the extent that would have been satisfactory. The nature of 
this project was not to develop a complete set of guidelines but the foundation of one. 
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ARP  Antenna Reference Point 

CORS  Continuously Operating Reference Stations 

DOP  Dilution Of Precision 

EDM  Electronic Distance Measurement 

FOC  Full Operational Capability 

GLONASS  Globalnaja Navigatsionnaja Sputnikovaja Sistema (Global Navigation 
Satellite Sytem) 

GNSS  Global Navigation Satellite System 

GPS  Global Positioning System 

GRS80  Geodetic Reference System 1980 

HMK  Handbok i Mät- och Kartfrågor (Handbooks for surveying and 
mapping issues) 

NRTK  Network Real Time Kinematic 

NSW  New South Wales 

PDOP  Position Dilution of Precision 

PPP   Precise Point Positioning 

PPK  Post Processing Kinematic 

RICS  Royal Institution of Chartered Surveyors 

RTK  Real Time Kinematic 

SNR  Signal to Noise Ratio 
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1. INTRODUCTION 

These guidelines for Global Navigation Satellite System (GNSS) measurements in cadastral 
surveying were formulated in order to overcome some challenges that the Botswana surveyors 
were facing of not having a set of uniform guidelines. Surveyors have to fulfil certain 
requirements in their work to deliver an accurate and reliable product to the client. Without up-
to-date regulation there is a risk of surveyors not delivering an adequate product. By using this 
document that risk is reduced and that is the main reason this document was formulated.   

The content of this document is based on three already existing guidelines. The three summarised 
documents are:  

• Swedish Handbok i Mät- och Kartfrågor (HMK) ‘Geodesi: GNSS-baserad mätning’ from 
2015. 

• Royal Institution of Chartered Surveyors (RICS) Practice Standards ‘Guidelines for the 
use of GNSS in land surveying and mapping’ from the United Kingdom from 2010. 

• Surveyor General’s Directions ‘GNSS for Cadastral Surveys’ from New South Wales 
(NSW), Australia, from 2013. 

 
Interviews with personnel from Botswana’s mayor surveying institutions was held in the period 
of April-May 2017 in order to gain a perception what a document of this sort should include. The 
selection from the above mentioned documents were made from the basis of these interviews. 

Parts of this document has been copied from the thesis document with the name of 
‘Development of GNSS Guidelines for Cadastral Surveying in Botswana – Challenges and 
Potentials’, of which this document is an Appendix. 

1.1. The purpose of these guidelines 

This document was formulated in order to help Botswana surveyors to perform consistent, 
uniform and reliable measurements and reporting of GNSS measurements in cadastral surveying. 
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2. INTRODUCTION TO GNSS 

GNSS is the general term of the satellite based navigation system that generates three-
dimensional positioning for the operator using radio signals transmitted by satellites orbiting the 
earth.1 It is the software in the equipment of the user that calculates the position solution. There 
are several systems of this technique fully operational including the American Navigation by 
Satellite Ranging and Timing Global Positioning System (NAVSTAR-GPS) commonly referred 
to as GPS and the Russian system Globalnaja Navigatsionnaja Sputnikovaja Sistema 
(GLONASS). Galileo, the European Union collaboration development is reported to be in Full 
Operational Capability (FOC) in 20192 and the Chinese BeiDou Navigation Satellite System’s 
global system, Compass, will reach FOC in 20203. 

A GNSS receiver consists of two parts, the antenna and the processor. The later one calculates 
the time and the position of the instruments. In order to produce a three-dimensional position 
for the receiver, measurements from a minimum of four satellites must take place simultaneously. 
The accuracy of the receiver’s position is dependent on the precision of the radio signals 
transmitted by the satellites together with the geometry of the satellites.4 

The GNSS technique is cost-efficient and do not require large investments5, increases flexibility 
for the user, is time-saving, is not hampered by day light or weather in the same way as a total 
station and enable simple field operation for the user6. An easy to use technology does not always 
bring advantages. More classical instruments like the total stations or theodolites made surveyors 
more aware of computations and the mind of the surveyor was used throughout the process. The 
introduction of GNSS has reduced the task of the surveyor and the operators rely too much on 
the instrument and the software. In that way GNSS have become a ‘black box’ (press the button) 
technology.7 

The position of the receiver is calculated with distance measurements from the receiver to the 
satellites combined with information about the position of the satellites at the time of 
transmission. The positioning can either be in real-time in the receiver or by post-processing in a 
computing program.8  

There are two kinds of position determinations, the absolute positioning and the relative positioning. 
The absolute positioning is characterised by only using one receiver and its position is calculated 
directly from the satellites. What differs the relative positioning from the absolute positioning is 
that relative positioning measure a point relative to a known point on the ground. By doing so 
most error caused in absolute positioning is reduced or eliminated, resulting in a higher accuracy 
of the measurements. In relative positioning a minimum of two receivers are used. Beside the 
receiver of the user, the remaining receiver can either be a permanent reference station or a 

                                                
1 Groves, P. D. Principles of GNSS, inertial, and multisensor integrated navigation systems. Boston: Artech house, 2013. 
2 European Commission. Galileo’s contribution to the MEOSAR system. 2017. http://ec.europa.eu/growth/sectors/space/galileo/sar/meosar-
contribution/ (Accessed January 12, 2017). 
3 The State Council Information Office of the People’s Republic of China. China’s BeiDou Navigation Satellite System. 2016. 
http://www.scio.gov.cn/zfbps/gqbps/Document/1480665/1480665.htm (Accessed January 12, 2017). 
4 Groves, P. D. Principles of GNSS, inertial, and multisensor integrated navigation systems. Boston: Artech house, 2013. 
5 Häkli, P., Kallio, U., & Puupponen, J. From Passive to Active Control Point Networks–Evaluation of Accuracy in Static GPS Surveying. FIG 
Working Week, no. 10 (2013): 1-17. 
6 Tamrakar, R. M. Potential Use of GPS Technology For Cadastral Surveys in Nepal. Nepalese Journal of Geoinformatics, no. 12 (2013): 33-40. 
7 Parker, A. Development of best practice for GNSS surveys in South Africa. Geomatics Indaba Proceedings, no. 1 (2015): 10-14. 
8 Lilje, C., Engfeldt, A., & Jivall, L. Introduktion till GNSS. LMV-rapport 2007:11. Gävle: Banverket, Lantmäteriet, Vägverket, 2007. 
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temporary one.9 The Continuously Operating Reference Stations (CORS) reference stations 
recently introduced in Botswana are examples of permanent stations and can be accessed by 
several users simultaneously. The CORS technique can be summarised that it 

comprises a GPS receiver and antenna set up in a stable manner at a safe location 
with a reliable power supply. The receiver operates continuously, logging raw data, 
perhaps also streaming (continuously outputting) raw data, and often outputting 
RTK … data for transmission to RTK, GIS and GPS navigation devices.10 

As of January 2017, 56 CORS stations have been installed in the Botswana system.11 However 
they are not in full operation and many of the stations are not working properly caused by 
insufficient infrastructure and deficient supply of reliable Internet connection.  

When conducting surveying measurements using GNSS, normally the highest accuracy is 
received when using carrier-phase tracking mode.12 Using this method involve both receivers 
(reference and remote) to maintain tracking carrier phase simultaneously which might slow down 
the data collecting process if the two receivers gets disconnected. It can also shorten the battery 
life while waiting on the connection to get established and obtaining phase carrier mode. An 
alternative is therefore to use GPS-data from an available base station in post-processing mode. 

2.1. Accepted GNSS Techniques for Cadastral Surveying 

The four GNSS techniques that is accepted for cadastral surveying and accounted for in this 
document are: Precise Point Positioning (PPP), Real Time Kinematic (RTK), Post Processing 
Kinematic (PPK) and static positioning.13  

Possible error sources and operational considerations must be evaluated when choosing most 
suitable approach. In the end “it is up to the surveyor’s professional judgment to determine the 
most appropriate GNSS method having regard to the accuracy required by the survey and 
comply with the Land Survey Act and associated Survey Regulations”.14 Below follows a 
description of the four surveying techniques for cadastral surveying: 

 Precise Point Positioning 

PPP is a form of absolute positioning based on the observations of a GNSS receiver together 
with external information about error sources.15 The technique has in the last couple of years 
reached popularity among surveying practitioners. This is due to that PPP provides high accuracy 
and at the same time reduce the cost of the apparatuses since only one receiver is needed and that 
the technique is described as user-friendly.16 The fact that the technique does not need any 
reference stations makes it a suitable surveying method where the access to reference stations is 

                                                
9 Ibid. 
10 Leica Geosystems. GPS Reference Stations and Networks - An introductory guide [Pamphlet]. Heerbrugg: Leica Geosystems AG, 2005. 
11 Trimble. Trimble® Pivot Web. 2017. http://www.cors.gov.bw/Map/SensorMap.aspx (Accessed January 12, 2017). 
12 Gorokhovich, Y. and Voustianiouk, A. Accuracy assessment of the processed SRTM-based elevation data by CGIAR using field data from USA 
and Thailand and its relation to the terrain characteristics. Remote Sensing of Environment, no. 104 (2006): 409-415. doi:10.1016/j.rse.2006.05.012. 
13 Parker, A. Development of best practice for GNSS surveys in South Africa. Geomatics Indaba Proceedings, no. 1 (2015): 10-14. 
14 Ibid, p. 14.  
15 Lantmäteriet. Andra GNSS-tekniker. n.d. https://www.lantmateriet.se/sv/Kartor-och-geografisk-information/GPS-och-geodetisk-
matning/GPS-och-satellitpositionering/Metoder-for-GNSS-matning/Andra-GNSS-tekniker/ (Accessed April 18, 2017).  
16 Alkan, R. M., İlçi, V., Ozulu, I. M., and Saka, M. H. A comparative study for accuracy assessment of PPP technique using GPS and GLONASS 
in urban areas. Measurement, no. 69 (2015): 1-8. http://dx.doi.org/10.1016/j.measurement.2015.03.012  
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limited. PPP enable real-time static and kinematic measurements as well as post-processed data 
with correction for satellite orbits and clock errors.17 PPP can access both GPS and GLONASS 
satellites but studies have shown that although the satellite geometry gets better, the use of both 
systems together has no significant impact in the improvement of the accuracy.18 

Even though the technique has seen a growing popularity among surveyors in the last decade it 
still suffers from a few limitations. These technical limitations have been categorised in three 
categories.19 Convergence Period is referred to that the technique require a long initialisation period 
to reach constant and reliable precisions. Some days an accuracy of 10 cm can be reached after 30 
min of measuring while other days it cannot. The technique is not consistent in that matter. 
Accuracy is referred to the limited precision of precise satellite orbits together with clock errors. 
Integrity is referred to the risk of a satellite to broadcast slightly incorrect information and 
therefore cause the receiver to collect and produce information that is incorrect. 

 Real Time Kinematic 

RTK is a form of real-time relative positioning. The method renders in a mean error of 10-30 
mm in plane coordinates.20 A difference is made between single base-RTK and network-RTK 
(NRTK) where single base-RTK as the name indicates only has use of one reference station at a 
time. It often requires the user to set up an own temporary reference station, normally established 
over a point with known coordinates; hence there is need for two RTK-equipment’s.21 NRTK is 
a technique that requires extensive infrastructural investments were CORS-stations are installed 
and distributed across a country. The user accesses several stations simultaneously as other users 
and the information received from the different stations reduces errors caused by the atmosphere 
and often results in a higher accuracy.22  

In a comparison between the classical method of total station and NRTK in cadastral surveying 
showed that RTK-technique competes well with the total station in accuracy (with the exception 
of areas of obstruction) and was quicker in both production and post-processing of the cadastral 
points.23 

 Post Processing Kinematic 

PPK shares many of the characteristics as single base-RTK with the exception that the data must 
be post processed to achieve high precision results.24 A minimum of two receivers must be used, 
one static base receiver within a 10 km radius of the rover in the hands of the user. Visibility is 
required between the two receivers and the closer they are, the better results are obtained. PPK is 
mostly used when precision of several cm is adequate.  

  

                                                
17 Bisnath, S., and Gao, Y. Precise Point Positioning – A Powerful Technique with a Promising Future. GPS World, no. 4 (2009): 43-50.  
18 Alkan, R. M., İlçi, V., Ozulu, I. M., and Saka, M. H. A comparative study for accuracy assessment of PPP technique using GPS and GLONASS 
in urban areas. Measurement, no. 69 (2015): 1-8. 
19 Bisnath, S., and Gao, Y. Precise Point Positioning – A Powerful Technique with a Promising Future. GPS World, no. 4 (2009): 43-50. 
20 Lilje, C., Engfeldt, A., & Jivall, L. Introduktion till GNSS. LMV-rapport 2007:11. Gävle: Banverket, Lantmäteriet, Vägverket, 2007. 
21 Parker, A. Development of best practice for GNSS surveys in South Africa. Geomatics Indaba Proceedings, no. 1 (2015): 10-14. 
22 Lilje, C., Engfeldt, A., & Jivall, L. Introduktion till GNSS. LMV-rapport 2007:11. Gävle: Banverket, Lantmäteriet, Vägverket, 2007. 
23 Pirti, A., Arslan, N., Deveci, B., Aydin, O., Erkaya, H., and Hosbas, R. G. Real-Time Kinematic GPS for Cadastral Surveying. Survey Review 314, 
no. 41 (2009): 339-351. doi:10.1179/003962609X451582 
24 Bartel, B. How to execute a post-processed kinematic (PPK) survey from start to finish. 2010. http://kb.unavco.org/kb/article/trimble-4700-
5700-r7-how-to-execute-a-post-processingkinematic-ppk-survey-from-start-to-finish-618.html (Accessed April 27, 2017). 
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Static measurement 

Not entirely unlike the PPP technique static measurements require a period of stationary 
measurements. What differs the two techniques is that static measurements require at least two 
GNSS receivers, which makes the static measurements a relative positioning technique unlike 
PPP.25 Static measurements require post-processing to obtain accuracies between 5-20 mm in 
plane coordinates.26 

Research has been conducted of the accuracy of Static GPS surveying with GNSS base stations 
in Finland. In the research 58 GNSS stations were used within a national network. The research 
showed that accuracy was approximately 10 mm in horizontal and 20-30 mm in the vertical 
coordinates. It was suggested, based on the result, that the accuracy is enough for most purposes 
but could be improved with more reference stations. 27  

2.2. Error Sources	

There are factors that have negative influence on the measurements that the surveyors have to 
consider. Usually these factors are categorised in groups of the origin of the error. These origins 
are; satellite related errors, signal propagation related errors, receiver related errors28 and user 
related errors.29 A compilation of these errors can be seen in table 1.  

Table 1. GNSS error sources categorised in groups of their origin.  

Errors 
Satellite Related Propagation Related Receiver Related User Related 

Satellite Clock Ionosphere Refraction Clock Blunders 
Orbit Troposphere Refraction Antenna Ignorance 

Configuration  Multipath Bad Practice 
Dilution of Precision 

(DOP) 
 Obstruction  

Satellite Availability  Poor Station 
Coordinates Quality 

 

  Excessive Baseline 
Length 

 

  Lack of Network 
Redundancy 

 

  Poor Quality of Datum 
References 

 

  Malfunctioning 
Equipment 

 

 

                                                
25 Lilje, C., Engfeldt, A., & Jivall, L. Introduktion till GNSS. LMV-rapport 2007:11. Gävle: Banverket, Lantmäteriet, Vägverket, 2007. 
26 Norin, D. L3: GNSS. GPS, GLONASS, Galileo, basic principles, field procedures, positioning methods, DGPS, RTK [PowerPoint-
presentation]. 2016. https://lms.hig.se/bbcswebdav/pid-394240-dt-content-rid-
1778928_1/courses/SB203B.27312.2016/Lecture_3_VT_2016_GPSetc_2_slides_per_page.pdf (Accessed April 25, 2017). 
27 Häkli, P., Kallio, U., & Puupponen, J. From Passive to Active Control Point Networks–Evaluation of Accuracy in Static GPS Surveying. FIG 
Working Week, no. 10 (2013): 1-17. 
28 Mårtensson, S. G. Geodetisk mätning och beräkning. Ver. 2016-05. Gävle: University of Gävle, 2016. 
29 Parker, A. Development of best practice for GNSS surveys in South Africa. Geomatics Indaba Proceedings, no. 1 (2015): 10-14. 
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Among these mentioned error sources, some that are commonly investigated in research are 
Multipath and Dilution of Precision (DOP).30 Below is a description of these error sources and 
how to avoid them: 

• Multipath – The signals of the satellite are reflected on a flat surface in the vicinity of the 
receiver.31 The same signal therefore travels multiple paths with different distances from the 
satellite to reach the receiver. The conflict experienced in the receiver causes errors in the 
measurements. The best way to avoid multipath is to always have the latest software installed 
in every device, to rise the cut-off angle (the elevation angle between the horizon and where 
the user wants to start to pick up signals from the satellites), take the environment into 
account and if necessary use a so called chockring antenna, manufactured to reduce the risk 
of multipath. Figure 1 explains the theory of the multipath error. 

  

 

Figure 1. The theory of the multipath error.32 

• DOP – The DOP value is a combination of different factors concerning the geometry, 
position and time of the satellites. The DOP value effect the results of the measurements 
and one can distinguish between a good and a bad DOP value. It is the Position Dilution of 
Precision (PDOP) value that determines the DOP where a low PDOP-value (e.g. PDOP < 
2) results in a good DOP. In order to obtain a better DOP-value, the user could lower the 
cut-off angle.33 The theory is explained in figure 2. 

 

Figure 2. A good (left) and bad (right) DOP-value explained.34 

                                                
30 Pirti, A., Arslan, N., Deveci, B., Aydin, O., Erkaya, H., and Hosbas, R. G. Real-Time Kinematic GPS for Cadastral Surveying. Survey Review 314, 
no. 41 (2009): 339-351. doi:10.1179/003962609X451582 
31 Bagherbandi, M., & Norin, D. L6: GNSS. Satellite orbits, sources of uncertainty and observation equations. [PowerPoint-presentation]. 2016. 
https://lms.hig.se/bbcswebdav/pid-394251-dt-content-rid-1803731_1/courses/SB203B.27312.2016/Lecture_6_VT_2016_Satelliteorbitsetc.pdf 
(Accessed April 26, 2017). 
32 Ibid. 
33 Jämtnäs, L., Sunna, J., Jansson, J., Ohlsson, K., Alfredsson, A., Mårtensson, S. G., … Bagherbandi, M. HMK-Geodesi: GNSS-baserad mätning. 
Arbetsdokument juli 2015. Gävle: Lantmäteriet & Högskolan I Gävle, 2015, 14. 
34 Ibid. 
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2.3. Coordinate Systems of Botswana 

Today surveying is not conducted within solely one coordinate system in Botswana. Instead two 
different coordinate systems are being used simultaneously. What is referred as the old system or 
the ‘LO-system’ is more correctly called the Botswana Terrestrial Reference System (BTRS).35 
BTRS is based on a local datum, the Cape Datum, a South African datum with origin from the 
19th century.36 The datum is referenced to the Modified Clark 1880 ellipsoid. In 2002 a new 
coordinate system, called Botswana National Geodetic Reference System 2002 (BNGRS02), was 
introduced for the purpose of making one improved uniform system without local projection 
zones. It would be more compatible with the GNSS technique than the old system and would be 
based the Geodetic Reference System 1980 (GRS80) Ellipsoid.37 There have been difficulties 
evolving into the newer system. The primarily reason causing these difficulties is the lack of an 
accurate transformation model, incorporated in a fast and powerful transformation software. 38 

It is the judgement of the surveyor that determines which of the two systems that is most suitable 
in every measuring situation but due to the BNGRS02 system being more compatible with the 
GNSS technique, this system should be used first and foremost.  

                                                
35 Department of Surveys and Mapping. Botswana’s country report to the 27th international cartographic conference to be held in Rio de Janeiro 
Brazil from 23rd to 28th August 2015. Gaborone: Surveys and Mapping Department, 2015. 
36 Rural Development and Land Reform. Datums  and Coordinate Systems. 2013. http://www.ngi.gov.za/index.php/technical-
information/geodesy-and-gps/datum-s-and-coordinate-systems (Accessed May 4, 2017) 
37 Myles, A. K., Johansson, L., & Syrén, P. Improvement of Land Administration Procedures, Capacity and Systems in Botswana. Gävle: Ministry 
of Lands and Housing & Lantmäteriet, 2009. 
38 Segobye, M. BTRS TO BNGRS02 IMPLENTATION: a necessary change for new technology. Gaborone: University of Botswana, 2017. 
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3. STEPS OF EXECUTION 

3.1. Planning 

Ensure the client specification is read and understood. This will ensure that all requirements such 
as accuracy and any other specific issues that relate to logistics are assessed. Any changes to 
survey design can also be incorporated in the survey planning at this stage.39  

Make a contingency plan for the fieldwork. By their very nature, GNSS observations for control 
involve the receivers being at sites remote from each other. This, coupled with the complex 
nature of the equipment, communications and logistics can lead to unforeseen problems during 
the survey. It is wise to make a contingency or back-up plan, especially with regard to the 
travelling time between points and unforeseen access problems that may occur.40 

Planning should always be based on the projects needs and prerequisites for using the GNSS 
technique. The user should initially scan for factors in the surrounding that may affect reception 
of satellite signals.41 

All measuring equipment should be checked before measurement commences. The equipment 
should be adapted and configured for current application, and the settings should reflect the 
requirements for accuracies and documentation.42 

The operator should plan the measurements based on availability of GNSS satellites.43 

Functional check is ideally performed before every measurement occasion by e.g. conducting 
measurements at a determined control point.44 

3.2. Measurements 

Use a booking sheet to log the survey. This allows checks of whether antenna heights measured 
are true vertical or slope distance, for example. It is also a valuable quality control document to 
log information such as weather conditions.45 

Take a plot of expected satellite coverage. Most manufacturers of GNSS survey equipment 
provide a software programme to calculate future satellite visibility. The location, time of survey 
and a recent almanac should be entered to the software. A plot of the expected coverage, number 
of satellites in view and DOP can then be made and taken to site.46 

When performing repeat surveys, use the same co-ordinate values. If surveys are repeated over 
time on a particular site, it is best practice to use the same co-ordinates for the fixed control and 

                                                
39 Royal Institution of Chartered Surveyors [RICS]. Guidelines for the use of GNSS in land surveying and mapping. 2nd ed. Coventry: RICS, 2010, 18. 
40 Ibid, 18. 
41 Jämtnäs, L., Sunna, J., Jansson, J., Ohlsson, K., Alfredsson, A., Mårtensson, S. G., … Bagherbandi, M. HMK-Geodesi: GNSS-baserad mätning. 
Arbetsdokument juli 2015. Gävle: Lantmäteriet & Högskolan I Gävle, 2015, 14. 
42 Ibid, 14. 
43 Ibid, 14. 
44 Ibid, 14. 
45 Royal Institution of Chartered Surveyors [RICS]. Guidelines for the use of GNSS in land surveying and mapping. 2nd ed. Coventry: RICS, 2010, 19. 
46 Ibid, 19. 
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the same transformation parameters. This will help minimise variations, for example, when 
undertaking monitoring surveys.47 

Do not mix receiver and antenna types. It is best practice to use the antenna which is designed 
for the receiver model, and to use if possible the same receiver/antenna combination at both the 
base and rover locations. Mixing should be avoided whenever possible but otherwise care should 
be taken. Compatibility between different firmware versions should be checked when using a 
mixture of receiver types in a survey.48 

Pick up a known point after loss of lock. In real-time detail surveys, after a loss of lock has 
occurred it is good practice to pick up a previously surveyed point. This can be coded as a detail 
or check point to ensure the correct initialisation has occurred.49 

Use traditional survey methods where appropriate. The use of total station or electronic distance 
measurement (EDM) distances, horizontal and vertical angles and spirit levelling measurements 
should all be included in a network adjustment when appropriate.50 

Re-measure the base station antenna height at the end of the survey. It is important to check for 
settlement of the base station during a long day’s operation. This is especially important when 
base stations are left unattended for the day whilst survey operations proceed. It is also important 
in high-precision surveys and serves as a secondary check on antenna height measurement.51 

Recharge all batteries overnight. Power requirements can be an important issue in GNSS surveys. 
Daily power loads can vary, especially when mixing static and real-time survey methods.52 

3.3. Analysis 

GNSS measurements are usually conducted with the ambition to achieve the best possible 
accuracy. Knowledge of computation programs and data management is therefore important for 
all surveyors. The introduction to more and more GNSS systems transmitting at different 
frequencies allows recipients and post-processing applications to be continuously updated. To 
incorporate all systems in one set of guidelines is impossible but one thing is certain – the more 
GNSS systems, the more reliable the technique will become.53 

Check antenna heights twice before processing. The antenna height is one of the key factors to 
getting correct results for the survey. It should be checked against the booking sheet value as data 
is loaded, and again before processing. It is good practice to check the phase centre offsets of the 
antennas at this time.54 

                                                
47 Ibid, 19. 
48 Ibid, 19. 
49 Ibid, 19. 
50 Ibid, 19. 
51 Ibid, 19. 
52 Ibid, 19. 
53 Jämtnäs, L., Sunna, J., Jansson, J., Ohlsson, K., Alfredsson, A., Mårtensson, S. G., … Bagherbandi, M. HMK-Geodesi: GNSS-baserad mätning. 
Arbetsdokument juli 2015. Gävle: Lantmäteriet & Högskolan I Gävle, 2015, 65. 
54 Royal Institution of Chartered Surveyors [RICS]. Guidelines for the use of GNSS in land surveying and mapping. 2nd ed. Coventry: RICS, 2010, 20. 
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The transfer of data will be facilitated if the software for post-processing and the GNSS 
equipment are provided from the same manufacturer. The manufacturer’s manual should contain 
instructions and recommendations for data management.55 

Compute, print out, evaluate and confirm network closures. The closures for a GNSS network 
are the first indicator that the survey is proceeding correctly and that errors have been minimised. 
Errors due to incorrectly estimated baseline solutions and antenna height measurements will be 
highlighted in the network closures so long as multiple occupations have taken place. Where 
baselines are observed to fix a single point from source control, the co-ordinate recovery 
technique should be used to demonstrate the quality of the observations.56 

Re-observe any problem baselines. In general if incorrect baseline solutions appear in the 
computation of network closures, or fail processing with the default processing parameters, they 
should be investigated within the processing software, following the manufacturer 
recommendations for identifying baseline problems. If they still fail then they should be re-
observed. This is because the data is likely to contain errors, perhaps due to environmental 
factors.57 

Only allow into the network adjustment closures which have passed the specification. Any 
residual network closures will propagate directly into the network adjustment. Final network 
closures must be within the overall specification for the survey and marginal closures may need 
re-observation.58 

3.4. Reporting 

Produce a survey report that is proportional to the quantity and quality of work. It is likely that a 
general survey report will form part of the products for the client. It should be of a high standard 
and the basic format of a traditional survey report should be followed. This will allow the reader 
to understand the methods used, the results obtained and the accuracy of co-ordinates 
produced.59 

Archive hard copy of field records, closures, network adjustment results and co-ordinates with 
precision values should there be any requirement to demonstrate them.60 

State the co-ordinate system and transformation parameters used for the survey. To prevent any 
misunderstandings or any incorrect assumptions by the client, the actual system of the final co-
ordinates should be stated. The parameters and local system origin used to obtain the final system 
coordinates should be written in the report. It is also recommended that the surveyor explains 
how the coordinates have been calculated; for example, using a particular software package, or 
using a spreadsheet. It is especially important to record which transformation was used so that 
the transformation quality and history is known and the original GNSS co-ordinates can be 

                                                
55 Jämtnäs, L., Sunna, J., Jansson, J., Ohlsson, K., Alfredsson, A., Mårtensson, S. G., … Bagherbandi, M. HMK-Geodesi: GNSS-baserad mätning. 
Arbetsdokument juli 2015. Gävle: Lantmäteriet & Högskolan I Gävle, 2015, 65. 
56 Royal Institution of Chartered Surveyors [RICS]. Guidelines for the use of GNSS in land surveying and mapping. 2nd ed. Coventry: RICS, 2010, 20. 
57 Ibid, 20. 
58 Ibid, 20. 
59 Ibid, 22. 
60 Ibid, 22. 
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backward-computed if required. This will then allow other surveyors or engineers to check the 
work and ensure consistency if the survey is extended in the future.61 

For control surveys, include a station description sheet and sketch. It is good practice to include a 
description sheet for the permanent control stations which are established as part of the GNSS 
survey. This enables the station to be found and used in future projects. Photographs can be 
included.62 

Include the makes of hardware and software; also include the versions of firmware and software 
in the report. In the event of a manufacturer subsequently determining an error or problem with 
hardware components and firmware or software versions, this will then allow surveys that have 
been completed with that equipment or software to be identified. If necessary, repeat surveys can 
be carried out or back-up data reprocessed to obtain the correct survey information. Although 
these problems were most likely in the development stages of GNSS, it is still best practice to 
include this information.63 

                                                
61 Ibid, 22. 
62 Ibid, 22. 
63 Ibid, 22.  
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4. ACCURACY REQUIREMENTS 

Accuracies are dependent on circumstances and therefor cannot be regulated by one signal value. 
Generally relative positioning will render a higher accuracy than absolute positioning.  Longer measuring 
sessions generally result in higher accuracies. Shorter distance to a reference station generally 
results in higher accuracies. Depending on the conditions from each measurement and method of 
choice accuracies of plane-coordinates should be in the range of:  

20-80 mm64 

 

 

                                                
64 Ibid. 
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5. VERIFICATION OF INSTRUMENTS 

Verification and validation are NOT calibration. GNSS receivers cannot be calibrated for scale 
because the definition of scale is inherent in the satellite and orbit data.65 

Annual Verification must occur for each GNSS method that is used to determine survey accurate 
observations for inclusion on a survey plan.66 

It is good practice to check the field coordinates against an established survey mark to ensure the 
datum and projection parameters are set correctly.67 

Verification is a rigorous, three-dimensional verification procedure. It must be conducted 
annually for any GNSS equipment or method used. Field and reduction methods used for the 
verification must conform to those typically used by the surveyor and with the manufacturer’s 
guidelines.68 

 

                                                
65 Gardner, L. GNSS for Cadastral Surveys. No. 9. Sydney: New South Wales Government, 2013, 3. 
66 Ibid, 3. 
67 Ibid, 3. 
68 Ibid, 3. 
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6. CHECKLIST 

GNSS equipment69            Check 

1. Choose the right antenna model and enter it in the receiver. 
 

 

2. Use a receiver that can receive corrections from both GPS and GLONASS 
satellites when measuring in problematic environments (i.e. areas with 
obstacles, trees, high risk of multipath error etc.)  

 

 

Preparations 70            Check 

1. Identify the Antenna Reference Point (ARP) to which the instrument height 
is to be measured. Measure this height and register it in the receiver.  

 

2. Check the spirit level on the antenna and adjust if necessary.  
 

 

3. When measurements require a large number of satellites or when measuring 
in problematic environments, plan the measurements with a satellite 
prediction software.   

 

 

Settings71             Check 

1. A cut-off-angle of 13-15 degrees is recommended for today’s satellites 
constellations. 

 

2. PDOP should be max 3-4, depending on the precision requirements. PDOP 
≤ 2 can be used for really high precision requirements. 

 

3. There is a useful feature in most manufacturers’ receivers who reject 
measurements with a deviation of the desired precision. Re-measure the 
rejected measurements. 

 

 

Other parameters to consider during the measurements72          Check 

1. Reinitialise if no fix solution is obtained within 1-2 minutes. 
 

 

2. Try to avoid disturbances e.g. other mobile transmitters that interfere with the 
radio communication, or multipath errors that interfere with the signals from 
the satellites.  

 

3. Consider the Signal to Noise Ratio (SNR) level (mentioned in the manual of 
the receiver) to exclude interference from e.g. multipath, various atmospheric 
conditions, radio frequency crashes.  

 

4. Note if the “RTK-age” (age of the correction data) exceeds several seconds. 
It could affect the accuracy. 

 

5. Do not measure under extreme weather conditions, which may affect the 
humidity in the troposphere. 

 

 
                                                
69 Odolinski, R. Checklista för nätverks-RTK. 2010:3. Gävle: Lantmäteriet, 2010, 9. 
70 Ibid, 9. 
71 Ibid, 9.  
72 Ibid, 9. 
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Measuring73             Check 

1. Maximum antenna height is recommended to 2 m. Up to 4 m can be 
accepted if low accuracy demands are made on the measurements. 

 

2. Use support legs if the requirements for plane coordinate accuracies are high. 
 

 

3. Use the mean of at least 3 measurements (preferably 3-30) before point is 
recorded. The receiver usually does this automatically.  

 

4. Establish a control point near the office, where regular checks of repeatability 
can be done. This is to check that any transformation parameters, settings in 
the instrument, atmospheric conditions, etc. have not changed that can affect 
the measurements.  

 

5. Check the measurements regularly in the field by e.g. measuring over a known 
point of returning to a previously measured point. 

 

6. Repeat visits should be made with at least 5 to 10 minutes separation between 
measurements, but preferably 20-45 minutes or more in order to let the 
satellite constellation change. 

 

7. Repeat visits can also be used to further increase the accuracy in a previously 
measured point by using the mean value of previous measurements together 
with the new. 

 

 

                                                
73 Ibid, 10. 


