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A South African company has completed an aerial survey pro-
ject of overhead power lines in Angola. Using a helicopter 
mounted high-speed laser scanner, complete with an ad-

vanced navigation and positioning system, around 1 500 kilometres 
of detailed LiDAR measurements were captured. Complemented with 
high resolution aerial photography and meteorological data, the laser 
scanned point cloud will be used by the power company’s engineer-
ing department to support maintenance and upgrade programmes.

This is particularly important for a country such as Angola. As 
Africa’s second largest crude oil producer, Angola recently announced 
plans to boost power generation five-fold in a bid to attract investment 
to other industries. The goal is to have an installed capacity of 9 000 
megawatts of generation capacity by 2025 compared with a current 
capacity of about 1 800 megawatts. Angola currently experiences 
daily power outages as the country recovers from a long period of 
civil war. The State plans to double the number of people with access 
to electricity to 60% in 12 years. 

 

Requirements

The end user of the data was Empresa Nacional de Electricidade (ENE) 
which is the national power company of Angola. ENE’s requirements 
were for a high accuracy data set with dense laser point cloud and 
images. The data is to be used in different ways. The immediate 
requirement is for checking vegetation clearance so that any serious 
encroachment can be rectified before it can cause a power outage. The 
data will also be used for engineering of the power line to consider 
how different power loading affects the sag of the power line (and 
then clearance to buildings and vegetation). A GIS database will be 
established using the data which will allow management of all the 
engineering work to be centralised.

Equipment

Considering the remote location and the lack of road access for ground 
support crews, a high performance but lightweight system was de-
ployed. Using a Riegl LiDAR sensor mounted in a specially designed 
belly pod on the underside of a Eurocopter AS350 B2 helicopter. An 
advanced navigation and positioning system from IGI - including an 
Inertial Measuring Unit (IMU) and satellite positioning system (GNSS) 
ensured the geographical accuracy of the laser scanned measure-
ments. The LiDAR data was complemented with high resolution aerial 

survey images captured using a 36 Mpixel camera. Leica and Novatel 

dual frequency GNSS receivers were used for measuring ground 

control points and as base stations for undertaking differential GNSS 

measurements. These contribute significantly to the high accuracy of 

the survey. Additional equipment is also required for making power 

line surveys which includes:

• A portable weather station, for measuring ambient temperature

• A FLIR thermal camera, for measuring spot temperature of the 

power line wires

All of the equipment can be packed into cases that are small enough 

to be checked in as normal airline baggage. This includes the pod 

which can be disassembled into a flat package. This allows rapid 

mobilisation to the site as soon as the helicopter is on site and avail-

able for the project.

Project methodology

The methodology and the equipment used were optimised to deploy 

a four person team with all equipment required in the helicopter, 

without ground support on the power lines. When travelling a long 

distance from base, ground support was utilised for refuelling and 

the helicopter landed close to the nearest road. The survey team 

consisted of a pilot, a system operator and two surveyors.

The daily surveying activity was split into two parts. The first and 

most time-consuming part was the preparation for the survey. This 

included placing of base stations, marking of ground control points, 

setting up the weather station and spot temperature reading for 

wires. The second part was the actual LiDAR and photo data capture. 

In Angola, there is poor road access to power lines and, in many 

places, there is no access at all. The surveying team was transported 

from point to point using only a helicopter.  In most cases, the power 

line servitude had been cleared of vegetation under the power line 
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so the helicopter could land under the line and the surveyors could 
do their work.

A typical mission plan was to survey an 80 km section of power 
line. During a LiDAR survey, differential GNSS techniques are used. 
This works by having a static GNSS receiver (the base station) and 
a moving GNSS receiver (on the helicopter). Data was recorded on 
both receivers, which was combined in software after the mission. 
The software used special techniques to improve the accuracy of the 
moving receiver by referencing the data recorded at the same time 
from the static receiver. For good accuracy, the maximum distance 
between the static and moving GNSS receivers should be 20 km.

In order to guarantee the accuracy of the survey, known points in 
the ground are used to check the accuracy. A known point is called 
a Ground Control Point (GCP). These were marked every 20 km, us-
ing black plastic and white paint directly under power lines so it was 
possible to recognise the markings in the imagery. Each GCP was 
measured using differential GNSS techniques from a base station. 

In the first part of the mission, the base stations and GCPs were 
placed as per Figure 1. The surveyors were deployed with the GNSS 
base stations.

Figure 1: Ground point and base station scheme for one day’s capture.

During the surveying of the GCPs, spot temperature readings of the 
power line were undertaken using the thermal camera. These readings 

will be used by the engineers in modelling the sag of the line for the 
existing power loading and LiDAR measurements.

 

Figure 2: Ground control point mark in the field under the powerlines.

Temperature readings were taken in the place where wire was closest 
to the ground, coordinates of each temperature reading place were 
recorded and provided to the customer as a database file as well as 
added in the CAD file.

Figure 3:  Temperature reading on the central wire.

Abbreviations 

CAD – Computer Aided Design
ENE  – Empresa Nacional de Electricidade
GCP  – Ground Control Point
GIS  – Global Information System
GNSS  – Global Navigation Satelite System
IMU  – Inertial Measuring Unit
LiDAR  – Laser Imaging Detection and Ranging
PPE  – Precise Point Positioning
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accuracy of the data was achieved using a combination of precise 
point positioning (PPP) and differential GNSS techniques. The average 
point density of the point cloud was approximately 30 points per m2.

The point cloud was classified into groups using well established 
classification algorithms. The classification depends on the project 
type and for this project the following classes were used:
• Ground
• Low vegetation (0 – 0,3 m above ground)
• Medium vegetation (0,3 – 2 m above ground)
• High vegetation (>2 m above ground)
• Towers
• For 220 kV – classified points 9 m either side, 7 m front and back
• For 400 kV – classified points 13 m either side, 7 m front and back
• Wires
• Danger objects
 o For 220 kV – classify ground within 12 m of wire, classify  

 vegetation within 5 m of wire (5 m below, 5 m right or left)
 o For 400 kV – classify ground within 13 m of wire, classify  

 vegetation within 7 m of wire (7 m below, 7 m right or left)
• buildings (>10 m2 roof area) 

Figure 5: Classified point cloud with dangerous trees in red and dangerous 
ground in blue.

Figure 6: Spot temperature measurement on the middle wire (23,1°C) 
added into the CAD file.

The portable weather station was set up to measure the ambient 
weather conditions for each day of the survey. Measurements in-
cluded temperature, wind speed, wind direction, air pressure and 
humidity. The weather station data was delivered to the client in 
database format.

The second part of each mission is the actual power line survey 
using the LiDAR surveying system installed in the belly pod of the 
helicopter. The system comprises a Riegl Scanner, Inertial Measure-
ment Unit and 36 M pixel camera. The data logger components are 
installed inside the helicopter.

Figure 4: Riegl LiDAR scanner with the Inertial Measurement Unit and 36 M 
Pixel Camera installed into the Belly Pod under Squirrel helicopter. 

The data capture was flown at a speed of 22 m/s and height 100 m 
above the ground. The helicopter pilot flew by following the terrain 
to keep a constant height above the ground. The system operator 
controlled the laser and camera systems and worked with the pilot 
to maintain the correct height.

After the data capture, the helicopter flew back to the base station 
locations to pick up the surveyors and GNSS receivers. On some days, 
it was possible to complete two missions in one day with a total of 
160 km of data capture.

Data processing

At the end of each mission, the systems were returned to base for 
all the data to be downloaded and checked by the processing team 
(located at the Angola operation's base). The data was processed with 
a rapid technique to ensure coverage and quality of the data capture so 
that any issues could be resolved while the team was still mobilised.

The survey resulted in a point cloud and imagery with an ap-
proximate corridor width of 100 m. The raw laser data was processed 
and geo-referenced to a UTM 33S coordinate system based upon the 
WGS84 ellipsoid. The EGM2008 geoid model was used to correct 
the ellipsoidal elevations to ortho metric height. A 5 cm positional 

Classified point cloud:
ground

low vegetation

medium vegetation

high vegetation

wires

danger objects - danger distance  
to objects

danger objects - danger distance  
to ground



E+C  SPOT ON • March 2014

Figure 7: Classified point cloud coloured by intensity in 3D view.

Specialist software was used to extract CAD lines for the power line 
catenary wires from the point cloud data. This is an automated pro-
cess but the attachment points on each tower were checked carefully 
(This is the point where two catenary ends meet at the base of the 
insulator on the tower.)  

The end user, ENE, is using Arc GIS for their mapping database 
so all the CAD lines were supplied in a suitable format (such as shape 
file format). 

Along with the LiDAR data capture, a 36 M Pixel image was taken 
every three seconds. During data processing, the images were geo-
metrically corrected for lens distortion and orientation. They are then 
combined to produce ortho-photos. Colour balancing was performed 
to remove any major colour variations between photos.

The ground pixel size was approximately 5 cm, with each ortho-
photo having a resolution of 4 000 x 4 000 pixels (16 MP). The ortho-
photos are delivered in the Geo-TIFF format, with empty pixels being 
coloured black.

Conclusion

GeoM completed the data capture element of the power line survey 
project in December 2013 and delivered the data in January 2014. In 
total 1 518 km of power lines was captured at a rate of approximately 
80 km per day.  This data will be used for power line assessment and 
mapping. A second phase of the project started in February 2014.

This project has demonstrated the use of a state-of-the-art LiDAR 
system in a uniquely flexible configuration that can be mobilised rap-
idly to undertake projects in remote areas that are common in Africa.
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