Copyright statement

This presentation was prepared for use at the IBRU training workshop
Boundary Demarcation and Maintenance held in Durham on 20-22 September 2022.

The content of the presentation is copyright © of the author. The presentation may
be used by workshop participants for non-commercial training purposes, subject to
acknowledgement of the author and the workshop at which the presentation was

originally made. All other uses of the presentation must be approved in advance by
the copyright holder.

Questions concerning use of this presentation should be directed in the first instance to:

Liz Buxton, External Relations & Marketing Manager, IBRU,
Department of Geography, Durham University DH1 3LE, UK

Tel: +44 191 334 1965 ¢ Fax: +44 191 334 1962 « Email: e.a.buxton@durham.ac.uk

Thank you.

AR
W Durham

University






Introduction

Peter Merrett of :-
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Introduction

Merrett Survey Ltd
We have opened a subsidiary

www.africaprecision.com




International Boundary Work

Kuwait — Kingdom of Saudi Arabia — (NZAM) — 2011/ 2012

Replacement / renewal of existing markers.
Update of co-ordinate system used to




International Boundary Work

Jordan — Kingdom of Saudi Arabia — 2022-2023

Replacement / renewal of existing markers.
Additional markers (densification




International Boundary Work

Southern Lebanon — Blue Line — 2010
(UNIFIL — United Nations Interim Force in Lebanon)

Installation of a ‘real time area wide DGPS’ for use




International Boundary Work

Nigeria— Cameroon (United Nations) — 2007 / 2008

Placement of geodetic control — from which the boundary
has been measured.




International Boundary Work

Kuwait — Iraq Replacement / renewal of existing markers
2013 - United Nations




Field work — Practical considerations

This presentation assumes that the work to ‘define’ the boundary has
been completed. The factors below will be illustrated using real life
projects.

Planning




Field work — Practical considerations

Choice of co-ordinate system

How to set the markers in the right place.
Survey methodology — need to include proof of accuracy.




Field work — Practical considerations

Applying these considerations to real life projects, we will look
at International boundary projects for:-




Field work — Practical considerations

Saudi — Kuwait

Respective Governments issued an RFP for the work to include:-
Surveying the existing ‘deteriorated’ pillars.




Saudi — Kuwait




Saudi — Kuwait




Saudi — Kuwait




Saudi — Kuwait




Saudi — Kuwait — Pillar design

Two different types specified for the different boundary ‘types’
91 no. Type 1 markers along the Boundary
56 no. Type 2 for the Northern and Southern
Lines of the Partition Zone




Saudi — Kuwait




Saudi — Kuwait — Coastal points




Field work — Practical considerations

Applying these considerations to real life projects:-

Lebanon




Lebanon

Reconnaissance visit was made to decide on location of new base
stations.

Then construction /infrastructure placed (power supply and computer




Lebanon

Data gathered at the co-ordinated CORS points
was processed via computer network and RTK
corrections broadcast to a ‘rover’ GPS unit.

20 km ranges from base stations shown below.




Nigeria — Cameroon

1800 km to be demarcated after International Court of Justice ruling.
UN (on behalf of CNMC) issued an RFP for the control network.
(CNMC = Cameroon Nigeria Mixed Commission)

Phase 1 - Merrett Surveys — Built the Geodetic control stations.




Nigeria — Cameroon

Layout of control
stations close to
but not ‘on’ the
Boundary.




Nigeria — Cameroon

Logistics / planning / methods

Terrain included: desert, mountains, forest




Nigeria — Cameroon

Complex design of station was revised to a 1 buried metre cube
of concrete. Built in-site (not pre-cast). Reference pin ‘buried’
beneath that. Brass plaque at centre.




Nigeria — Cameroon

GPS observations

Primary network Segment of Secondary network




Nigeria — Cameroon
Boundary pillars — Supervised by UNOPS
(Merretts not involved)

Construction by local contractors




GPS (GNSS) — exploding some myths

GPS = US military system. GNSS is the correct term now (Global Navigation
Survey Systems) includes Glonass (Russian), Galileo (European), Compass
(Chinese).

Navigation accuracy —was 100m, but is now 3m to 10m.
Differentis PS is am or higher a acie his reduces the erro




Co-ordinate Systems (Geodetic datums)

As measurement methods improve, we get more and more accurate
geodetic systems from which to make maps and to measure our location.
What are the consequences of changing and updating datums ?




Co-ordinate Systems (Geodetic datums)

Some questions we can look at:-

* In what ‘system’ (or systems) has the boundary been defined ?
(Historical documentation and records).




Co-ordinate Systems (Geodetic datums)

What is a Geodetic Datum ?




Co-ordinate Systems (Geodetic datums)

The Earth is not a perfect Topography
mathematical shape




Co-ordinate Systems (Geodetic datums)

There are many ellipsoids N
to choose from.




Co-ordinate Systems (Geodetic datums)
WGS84

GPS (GNSS) has changed thin

,Jopography




Co-ordinate Systems (Geodetic datums)

Plate tectonics

Because the Earth’s surface is constantly moving, you now need to
record your surveyed points stating:-




Co-ordinate Systems (Geodetic datums)

Plate tectonics
The Earth’s surface is constantly on the move




Co-ordinate Systems (Geodetic datums)
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Co-ordinate Systems (Geodetic datums)

ETRF — An example of how to get around the problems of
movement.

European countries decided




Co-ordinate Systems (Geodetic datums)

WGS84 itself — has evolved through

WGS72
WGS70




Co-ordinate Systems (Geodetic datums)

Where does ITRF come from ?

IERS = International Earth Rotation Service




Principles of Airborne Laserscanning

GPS measures the
aircraft’s trajectory.

Laser measures




Fixed wing aircraft used to
map wide areas




Data from helicopter mounted laser scanner (16 points per sq. metre)

A24 — between Dorking and Reigate




Airborne Laser Scanning

ALS or Lidar = Light Detection and Ranging

Provides more detailed ‘mapping’ of the ground.
Creates a ground shape or terram model (DTM) plus




DEM = Digital elevation model —includes the tree tops
DTM = Digital terrain model — trees and buildings are removed




For the forest / woodland Environment. ‘First return’ laser hit will map the
forest canopy. But ‘last return’ laser hit will map the forest floor. The true
terrain model.

The laser data

will also map

- the forest floor
The satellite imagery tells and show the

us there’s a lot of trees. true terrain

shape




Example — Equatorial Guinea.

Survey for expansion of processing plant into adjacent
dense rain forest.

‘Mapping’ terrain through forest




Detection of the forest floor and canopy using Lidar — Equatorial Guinea




Detection of the forest floor and canopy using Lidar

Possible applications for International Boundaries - Governments




Different ways of presenting Lidar data




Different ways of presenting Lidar data — coloured by height




Satellite imagery (Google Earth) of same area




STOP PRESS —

Fires from an ‘array’ and thus
measures millions of points
per second. Can survey 1000
sg km per hour.




Bathymetric Laser Scanning

Applications:-

Uses a different wavelength laser



Bathymetric Lidar instruments use a different wavelength to penetrate the water

Leica (AHAB) Chiroptera - Technical Specification

Bathymetric Frequency 35kHz

Topographic Frequency 500kHz

Point Density 1.5pts m2 Hydro/12pts m2 topo
Operating Altitude 4o00m Hydro up to 1600m Topo
Positioning And Navigation Novatel SPAN/LCI-100 IMU

Camera Leica RCD 30 80MP RGBIR Camera
Depth Penetration Up to 15m dependent upon turbidity







Satellite based remote sensing

We are entering a new era of satellite deployment. Earth
oberservation (EO) is becoming a ‘fundamental infrastructure’




Satellite based remote sensing

Earth-i ‘Small’ UK Company launching new breed of satellites

Example of ‘daily’ observation (any point on the




Satellite based remote sensing

Earth-i ‘Small’ UK Company launching new breed of satellites

Example of very high resolution and




Satellite based remote sensing

Earth-i ‘Small’ UK Company launching new breed of satellites

Example of new video capture




UAV — Drone technology Now becoming very practical

Suggestions for possible boundary work:-




UAV — Drone technoloqgy




Useful Links

Geodetic datums

International Earth Rotation Service

http://www.iers.org

[Iwww.youtube.com/watch?v=Ut

https://www.carbomap.xyz/

http://earthi.space/




Thank you for listening to:

Peter Merrett

pijm@merrettsurvey.com

www.merrettsurvey.com

www.lidar.co.uk

www.laserscanning.co.uk




