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Abstract 
Among the many difficulties facing engineers when upgrading existing distribution 
lines or designing new lines the landscape often provides its share of challenges to 
overcome.  Upon the commencement of each project or prospecting exercise up-to-
date spatial information is the key to efficient and accurate analysis and decision 
making.  Ground surveying is often difficult and costly and made more demanding by 
the fluid nature of route design caused by topographic or political obstacles.  Satellite 
imagery and mapping may be timely but the accuracy will not be sufficient for the 
design stages.  Airborne laser scanning (a.k.a. Airborne LiDAR) provides an in-
between solution suitable for medium to large scale projects. 
 
Aerial surveying is widely accepted as a means of fast and accurate data acquisition 
and permits applications from phase one route selection through to detailed design of 
new or upgraded networks.  Equipment such as LiDAR with integrated camera 
systems enable very accurate, very detailed surveying but also has its limitations. 
 
This paper reports on the techniques and challenges of airborne laser scanning,  
outlining the major benefits while identifying certain issues. 
 
The paper then explains a couple of practicable applications where an experienced 
line designer has used LiDAR data to achieve accurate computer line modelling 
analysis. One application describes the effective use of LiDAR in a new line 
establishment process. The other application describes a process where LiDAR is 
effectively used to create an accurate model of an existing line where clearance 
violations are found and mitigated or where an increased electrical loading is desired 
for the line and legal clearance requirements are analysed.  
 



LiDAR – Light Detection and Ranging 
Now recognised as the preferred method 
for capturing detailed topographic 
information for projects in a wide range of 
industries, LiDAR has proven to be an 
economical and extremely accurate 
mapping tool.  The principle behind 
LiDAR is relatively simple; tens of 
thousands of light pulses per second are 
emitted from the sensor via an oscillating 
mirror.  The light pulses reflect off the 
ground, vegetation and features such as 
buildings, bridges and street furniture back 
to the sensor.  The time is recorded and the 
distance to the ground (range) is calculated 
using the speed of light.  The sensor can 
record up to four returns from each pulse 
meaning both the ground and above-
ground features can be collected from a 
single pulse. 
 
 
The range files are post-processed with 
very accurate GPS and IMU (inertial measurement unit) positioning and orientation 
data as well as ground GPS. The result is a raw point-cloud, a mass of XYZ points 
representing the surface within the captured swath(s).  The detail obtainable is relative 
to the flying height and the characteristics of the feature, however reflections can be 
achieved off objects such as conductors as narrow as your little finger. 
 
 

 
LiDAR point-cloud viewed in 3-D 
 
In addition, an integrated camera system captures true colour (RGB) imagery that can 
later be processed into orthophotography.  The resolution depends on the flying height 
but is typically between 0.15m – 0.3m GSD (ground sample distance) or resolution. 



 
Integrated camera imagery 
 
 
Accuracy 
There are a number of constant and variable factors that affect the end accuracy of 
LiDAR data.  In most part these are due to the GPS and inertial measurement tools.  
The variable factors are typically the land cover and the flying parameters used, more 
specifically the flying height.  To give some idea of the achievable accuracies, with a 
base station within 20kms of the aircraft at all times and a flying height of 900m AGL 
or less, a vertical accuracy of +/-0.1m (1 SD - standard deviation confidence interval) 
is expected over clear, even ground.  The horizontal accuracy would sit within the +/- 
0.3m mark.  As the flying height is increased up to 2,000 – 3,000m AGL the accuracy 
is reduced to +/- 0.25m – 0.3m.   
Where there exists obstruction such as vegetation, experience has shown that even in 
dense New Zealand native bush an accuracy of +/- 0.5m – 1.0m is achievable.  This is 
largely dependent on the density of the canopy and undergrowth. Results in pine 
forests, for example, with not much undergrowth or clippings, results nearer the clear 
ground accuracies are expected. 
 
 
 
Acquisition 
Depending on the application acquisition can be undertaken from either fixed or 
rotary wing aircraft.  Large scale projects are typically flown higher and suit fixed 
wing survey aircraft.  The crew can expect to cover tens or even hundreds of square 
kilometres in single day with suitable weather conditions.  To achieve more detail the 
equipment is housed in a specially designed pod fitted to the skids of a Euro 
Commander AS350 or AS355 helicopter.  From approximately 450m above ground 
and travelling at 60 – 80 knots a swath 200m – 300m wide captures conductor, pole, 
vegetation, building and ground elevation data as well as high resolution photography. 
 



 
LiDAR housing under Euro Commander AS350 B3 
 
 
 
For existing line surveys it is important to measure the climatic conditions during 
LiDAR acquisition, predominantly temperature, air pressure and wind characteristics 
which all have an effect on the conductor catenary.  Modelling the catenary more 
precisely means more informed assessment of the suitability of current span lengths or 
proposals for higher or newly located poles or towers.  The survey also helps identify 
situations where there is new vegetation encroachment or insufficient terrain 
clearance possibly caused by erosion-induced changes. 
 
 
LiDAR Processing 
The raw point-cloud of data gives a detailed representation of the surface however for 
the data to be useful for importing into design software point-cloud classification and 
specific product generation is essential.  Using a combination of automated and 
manual techniques the points are commonly classified into ground, above-ground and 
noise.  Further classification of the above-ground points into conductors, poles, 
vegetation, buildings etc. means these points can be used individually as required. 
 



 
Raw point-cloud 
 

 
Classified ground, conductor and pole points 
 

 
Classified conductor and pole points 
 



The points classified as ground can have TINs, DEMs, contours or a number of other 
products generated depending on the client’s software and objectives. 
 
 
Importing LiDAR and Imagery 
Line design software can import LiDAR in its native form of .LAS however if 
required it can be supplied in any common CAD or GIS format.  The PLS-CADD 
output inserted shows a profile view of the point cloud with coordinates, proposed 
spans and ground clearance.  The aerial photography provides a usual visual reference 
from above. 

 
 
PLS-CADD modelling using LiDAR 
 
 
Green Fields Survey 
The ability to capture accurate data over very large areas means much of the risk and 
uncertainty is removed from 
prospecting for new power 
generation schemes and proposed 
line routes.  The initial 
deliverables for planning can 
consist of orthophotography and 
‘cleaned’ DTM to keep costs 
down, and further refining of the 
data to make it suitable for 
engineering design can be done 
on selected areas of interest only.  
On occasions where chosen 
routes are no longer suitable it is 
simply a matter of processing the 
alternative locations from data captured over the wider area. 



Maximising LiDAR Benefits for New Green Field Transmission Line Designs 
 
LiDAR is a terrific tool for use in line designs. Its limitation is typically the cost 
benefit of obtaining the LiDAR data versus the time and effort costs of obtaining the 
data by other means (typically ground survey). 
  
LiDAR has been used by the authors for line design for several years for initial study 
and concept designs or for final detailed line designs. 
 
A line design process developed with the author that has worked well has been: 

·  Identify and review the study area including what lines and or substations you 
need the line to connect to. 

·  Confirm the line loading and design criteria, and undertake analysis of 
conductor requirements including electrical loss cost benefit investigations. 

·  Have the full study area flown with LiDAR including integrated camera 
imagery. 

·  Undertake constraints mapping using your own personnel, or external 
specialists such as LineTech,   (including planning, property, archaeological, 
cultural, landscape, ecological, as required). This establishes a ranking system 
of obstacles within the study area that identifies sites to (try to) avoid.  The up to 
date aerial imagery captured during the LiDAR acquisition stage is very useful 
for this process. 

·  Undertake high level iterations of possible line routes using available 
topographical contour data to establish potential line routes considering the 
constraints identified and their associated rankings. 

·  Review with the project team the routes that provide “best fit” considering 
constraints identified and likely costs. Then identify the preferred routes 
options. 

·  Obtain the LiDAR processed data for the specific preferred routes and 
undertake line design using computer line modelling software (eg. PLS-CADD) 
on these routes to establish an efficient and effective design.  

·  Generate the expected costs for each of the routes considering property, 
consenting, construction, and maintenance issues. 

·  Review with the Project Team and confirm the preferred transmission route 
(PTR). 

·  Undertake landowner liaison and sign off processes including refinement of the 
PTR as required. 

·  Obtain resource consent and or designation of line route or other RMA 
requirements. 

·  Undertake full detailed design of the final line route using the accurate LiDAR 
survey information for additional refinements. 

·  Construct and commission the line. 
·  As-build the new line with infield survey of final pole locations and background 

LiDAR ground data and provide final Route Plan & Profile drawings for 
ongoing maintenance and property liaison. 

 
In this process the ability of having accurate, recent, reliable and excellent resolution 
aerial imagery and survey data is important in saving a significant amount of field 
work, time and money. This imagery and survey date is not only useful in the design 



stages but also very useful in providing labelled images for landowner liaison and 
negotiations including site works (access tracks, stringing equipment locations, fence 
requirements, etc), for RMA processes and for the construction stage. 
 
With the provision of obtaining all of the LiDAR and imagery for the full study area 
multiple route options and refinements can be reviewed and analysed reasonably 
quickly. LiDAR points need only be fully processed by the supplier for the preferred 
route options within the study area, which is a significant cost saving.   
 
In addition, depending on the size of the project, the provision of the LiDAR data can 
provide a valuable resource for undertaking 3-D image modelling. With further 
computer modelling this enables landowners and the public to appreciate what the    
constructed line would look like from any selected view point 
 

 
3D Model imagery of a proposed line route generated using LiDAR and computer 
line modelling software. 
 
 
Maximising LiDAR Benefits for Re-conductoring or Load Capability Studies of 
Existing Lines 
 
LiDAR is also an excellent tool for analysing existing lines. This analysis can involve 
reviewing existing lines for NZECP34:2001 clearance conditions or low clearance 
points that may constrain high temperature operation. Existing clearance violations 
are also routinely identified from vegetation growth, new earthworks and from new 
building developments. 
 
The authors have also analysed LiDAR data to create a computer model that has been 
used to find, locate and provide a design solution for eliminating clearance violations 
at any line load capacity, thus enabling an optimum rating to be selected which 



involves the least cost to mitigate violations.  This has proved to be an efficient and 
effective method for line upgrade modelling where the likes of more traditional 
survey data acquisition would have been unrealistically time consuming and 
expensive; especially in an urban environment. 
 

 
Computer modelling, with LiDAR data, has identified in this example where an 
increase in conductor load would cause several clearance violations to occur, as 
shown in red on the image. To mitigate these clearance issues structure 
modifications and associated costing can be provided to help determine the overall 
cost benefit of increasing the conductor rating by any nominated amount. 
 
 
In addition, the authors have used LiDAR data to model the exact amount of 
additional electrical load can be achieved whilst still maintaining legal clearance 
requirements.   The key benefit of this is that the Client has confidence in being able 
push more electricity through the line knowing safe electrical clearances are still 
being achieved. 
 
 
Further Applications in the Power Industry 
 
Hydro Generation; often located 
in the most difficult to access 
areas, prospecting and design for 
hydro schemes can be made 
much less challenging with 
access to suitable spatial data.  
From volume calculations to 
generating viewsheds or 
environmental impact reports 
using reliable data removes many 
uncertainties. 
 
 
Wind Power Generation; data requirements for wind modelling can initially be quite 
coarse, however as the project progresses provision for access to turbines and other 



assets will need to be mapped out.  The LiDAR data’s detail and accuracy is ample 
for this application, often meaning no additional field surveying is required for the full 
design process which equates to significant time and cost saving especially as a 
number of routes and locations may need to be investigated. 
 
 
Limitations 
While satisfying many of the needs for projects of this nature, LiDAR doesn’t always 
provide the complete solution with the physical environment providing the most 
variability.  With vegetation in particular LiDAR pulses rely on gaps in the canopy to 
penetrate through to the ground.  This means very dense bush may inhibit an accurate 
terrain model being generated in places.  Ground survey work could be required in 
areas of particular importance, or in the case of deciduous vegetation flying in leaf-off 
conditions will significantly improve results. 
 
It’s common for terrain mapping LiDAR system to use light in the red spectrum.  This 
gets absorbed by water except in certain circumstances so for river or seabed 
modelling physical surveying or use of bathymetric mapping equipment would be 
required.   
 
While the sensor can record up to four reflections from each pulse objects that are in 
close height proximity may be missed as the sensor will record only the second 
reflection.  This is to reduce the amount of noise in the point-cloud, for example, 
where reflection is received from both long grass and the ground, only the ground 
data is recorded.  What this means, however, is that in situations where objects such 
as conductors are within approximately 1.2m – 1.5m of each other and sit nearly 
vertically in line it’s not uncommon for both features not to be captured.  This can be 
remedied in some cases by flying multiple passes using different flight lines meaning 
the feature can be visible from the alternative scan angle. 
 
 
Conclusion 
Airborne LiDAR technology has advanced significantly in the past decade and has 
become much more viable for more recently medium to large scale projects as a result 
of a greater number of commercial providers.  With greater accuracy than traditional 
mapping techniques and smaller lead in times more designers are demanding the extra 
information that is captured.   
 
 


