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ABSTRACT 
 
The growing energy demand is an issue that electric utilities continually face. The construction 
of new transmission lines is not always possible due to difficulties in acquiring rights-of-way and 
obtaining environmental approvals. The solution has been to increase the capacity of existing 
lines. In order to do that, knowledge about the current clearances and available safety margins 
is necessary for the analysis of the maximum capacity of the line. Airborne LIDAR uses a 
precise laser scanning technology that provides highly accurate terrain and conductor elevation 
data for the transmission line corridor. Algorithms aimed primarily at the extraction of necessary 
information for re-rating projects were implemented using ArcObjects, C# language, and ArcGIS 
Spatial Analyst, and 3D Analyst extensions. The developed tools allow the analysis of critical 
distances, obstacles identification, sag calculation, catenary shape determination, video 
imagery linked with the data, structures location and data exporting to specialized engineering 
softwares. 
 
 
1. INTRODUCTION 
 

GIS plays an important role concerning operation, maintenance and design of 
transmission lines. A large amount of data is required for the operation and maintenance of 
transmission lines, which includes property ownership data, corridor landuse/lancover, 
powerline current condition and characteristics. The physical characteristics of the lines and 
corridor landcover/landuse are determined during construction but may change during the 
lifetime and should be updated. In order to do that, utilities need to regularly check actual 
condition and collect accurate spatial data of their facilities. In addition to that the data must be 
stored in an enterprise system to support planners and managers in all the phases of a 
transmission line design. An enterprise GIS system provides the most suitable environment for 
the storage, manipulation and analysis of spatial data.  

One of the problems that planners have been facing is the difficulty in acquiring rights-
of-way for the construction of new transmission lines due to the high cost involved, and 
environmental restrictions and the growing consciousness of landowners. For this reason the 
up-rating (re-rating) of existing lines has been accomplished in order to supply the increasing 
demand for energy, strengthening even more the need for actual line data to verify its current 
capacity.  Technological process involved in data collection, integration and processing must be 
automated in order to ensure efficiency in the management of the utilities. Processing of the 
data refers to the production of complete topographic products including their customized 
presentation and analysis. 

LIDAR (Light Detection and Ranging) is a modern remote sensing technique for the 
collection of high density and accurate topographic data, which allows high-speed and cost-
effective data acquisition of transmission line networks. LIDAR together with GIS technology 
provides efficient database updating and analysis.    

The aim of this paper is to show some tools developed using ArcGIS software to 
analyse the LIDAR data and to derive additional information data as conductor attachment 
points, structure centre location, conductor sag and critical distances. It is possible to visualise 
the data in a 3D environment making feasible the analysis of the current power line geometry 
and condition bringing all relevant details along the power line corridor. For the up-rating of the 
line it could be just couple of critical places to investigate. The data can be exported to the 
format required by specialized engineering software to accomplish re-rating or up-grade studies. 
  
 



 
2. LIDAR (Light Detection And Ranging) 
 

LIDAR is a relative recent technology for the collection of a high density and high 
accurate topographic data. Basically the system components (Figure 1) includes a laser ranging 
and scanning unit, a position and orientation system (POS), comprised by an integrated 
differential GPS (DGPS) and an inertial measurement unit  (IMU), and a control unit. Many 
systems also have an integrated digital camera and/or a video camera to provide digital images 
used for feature classification procedures. LIDAR systems operate in the near infrared band 
emitting high-energy pulses that can be realized in short intervals on a narrow optical spectrum 
(Wehr and Lohr, 1999). The principle of laser ranging is to measure distances from the sensor 
to the ground or desired feature. By combining all the information gathered it is possible to 
derive the 3D coordinates of each laser return that can be either from the terrain or objects 
above it. 

 
 
 
 
 
 
 
 

 
 
 
 
 
 
 

 
 

Figure 1. LIDAR system components 
 
 

When a laser signal is sent to the earth it can easily hit more than one object generating 
multiple returns. Some systems are capable of measuring the first and the last return to each 
sent pulse. In forested areas for example, part of the signal first encounters a part of the foliage 
while the rest of the signal hits the ground. The system can collect both these data pulses 
simultaneously. This is a useful characteristic that allows acquiring information not only from 
vegetation but also from the ground.  

Besides range measurements, some systems are also capable of registering the 
intensity of the backscattered laser pulse (amplitude registration).  Intensity is defined as the 
ratio of strength of reflected laser to that of emitted laser, and is influenced mainly by the 
reflectance of the reflecting object (Song, 2002). Reflectance varies with material characteristics 
so that different materials have different reflectance. Consequently intensity images (Figure 2a) 
may be additional information for a land cover classification. The fusion of intensity images with 
altimetry information (colouring by elevation value) generates an image where features can be 
even more easily identified (Figure 2b). Inherent to the gathering process those images are 
orthoimages helping in the collection of required information for a geographic information 
system (GIS). They can be used as reference image backdrops to maintain or update an 
existing GIS.  



 

 

(a) (b) 
Figure 2 – (a) Intensity Image (b) Image obtained by fusing intensity information with altimetry 

information. 
 
 
3. LIDAR DATA POST-PROCESSING 
 

In order to evaluate the ampacity (maximum electrical current that can be safely carried 
in overhead transmission lines) in re-rating projects, three-dimensional information about power 
line geometry and condition as well as position and identification of obstacles along the corridor 
is necessary. Results of the processed LIDAR data consists in three-dimensional information 
about cables, structures as well as all obstacles along the corridor in a form of a point cloud with 
X, Y, Z coordinates and intensity value. Post-processing procedures are needed in order to 
discriminate features and to derive additional information. Ground and wire points are classified 
using algorithms available in TerraScan software. The classification results are shown in Figure 
3 and 4. In the upcoming version those functionalities will be also implemented in ArcGIS.  
 

Figure 3. Ground points classification (shown in orange). 
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Figure 4. Wire points classification (shown in blue). 
 
 
 

. GIS-BASED APPLICATION 

The functionalities developed in ArcGIS are shown in Figure 5. An importing-tool reads 
SCII lidar data, and converts them to shapefile format (Figure 6). The file format can be 

nformed providing a more flexible importing. If the data comes with intensity value it is possible 



to generate an image using this information by going to Intensity Image Generation. The 
interpolation method used is the Inverse Distance Weighted (IDW).  

Once both ground points and the remaining points have been imported, it is possible to 
create the Digital Terrain Model and the Digital Surface Model (Digital Surface Generation). It is 
first generated a TIN (Triangulated Irregular Network) and then it is converted in a raster with a 
cell size specified by the user. A normalized Digital Surface Model (nDSM) is also created by 
subtracting the Digital Surface Model from the Digital Terrain Model, which describes the 
objects height (Height Image Generation). Those models are created using the Spatial Analyst 
extension. The intensity image and the height of the objects are inputs for the next step that is 
the classification of the remaining points. 

 
 

 

 
Figure 5. Main Menu of LIDAR tools 

 
 



 
Figure 6. Point Cloud Loading 

 
 

The next step is the classification of vegetation and the other obstacles along the power 
line corridor. The layers just created in the previous step and information derived from them 
(slope, neighbourhood analysis – focal statistics) are used as input for an unsupervised 
classification algorithm. The applied classification detects clusters of pixels in feature space and 
categorizes the pixels to the clusters based on the minimum Euclidean distance criterion. For 
that purpose the ISODATA (Iterative Self-Organizing Data Analysis Technique) algorithm was 
used, which is a standard procedure. This type of clustering uses a process such that during 
each of the iterations all samples are assigned to existing cluster centers and new means are 
recalculated for every class. The optimal number of classes to specify is usually unknown. 
Therefore, it is advised to enter a conservatively high number, analyze the resulting clusters, 
and then rerun the function with a reduced number of classes. The number of the iterations of 
the process can be specified by the user. This value should be large enough to ensure that after 
running the specified number of iterations, the migration of cells from one cluster to another is 
minimal; therefore, all the clusters become stable. When increasing the number of clusters, the 
number of iterations should also increase.  

Due to the fact that most of the time a very noisy result is obtained a filter was 
implemented with the purpose of smoothing the classification. The result is then converted to 
shapefile format (polygon features). A small area of the classification result is shown is Figure 8. 
 



 
Figure 7. Unsupervised Classification 

 
 
 

 
 

(a) (b) 
Figure 8. (a) Intensity image (b) Unsupervised classification result. 

 
Once a satisfactory result is obtained the classes can be matched with the 

corresponding description. When a coarse result is obtained with some obstacles misclassified 
the user can edit the classification of a specific polygon (usually more than one) and change its 
class description by selecting it and going to Edit Classification Result. The video imagery can 
be useful for checking the classification results. All points delimited by a specific class are 
codified according to PLS-CADD code specification. 

In order to derive the cable attachment points (Conductor Attachment points), 3D 
polylines are adjusted through the wire points. The intersection of the wires provides the 
attachment points (Figure 9).  
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Figure 9. Derivation of the attachment points 

 
 

By drawing a line through the attachment points and finding the midpoint of the segment 
and the structure centre location is determined and the elevation obtained from the DTM.  

To calculate the wires sag a TIN is generated using the 3D polyline curves and then 
converted to a raster format. A plan raster surface intercepting the cable surface at the vertices 
is generated (Figure 10). By subtracting the values of the cable surface from the plan surface, a 
distance raster surface is created. The maximum value (distance) is the cable sag. 
 
 

 
Figure 10. Sag calculation 

 
 

Selecting a specific area along the transmission line route, a 3D environment is 
launched containing the information just selected, making it possible the analysis of critical 
distances (Critical distance analysis). A distance threshold can be specified, so that all points 
that are within this distance are highlighted by colouring with red (Figure 11). This is a useful 
tool that allows the identification of critical places where problems may arise concerning the 
increase of load capacity. Those areas can be exported to specialized engineering software 
enabling a detailed re-rating study. The data can be exported according to specification of the 
PLS-CADD software, where each point is identified with an alphanumeric descriptor, X, Y, Z 
coordinates, and a feature code. Each feature code is associated to a minimum clearance as 
required by the Brazilian standard ABNT NBR-5422. Data exported includes ground, wires and 
all the remaining classified points as well as cable attachment points and structure center 
location. 
 
 



 
Figure 11. Analysis of critical distances 

 
 

A functionality allowing video imagery linkage with the data was also implemented. By 
clicking at the video, a zoom to that specific area is done (Figure 12).  
 

 
Figure 12. Video imagery linked with the data 

 
 
5. Conclusion 
 

LIDAR technology provides an efficient collection of high density and accurate 
topographic data, being a cost-effective and high-speed method. Besides the obstacles and 
vegetation along the corridor, the location and height of the existing towers can be determined 



precisely. The high density of the laser points enables accurate detection of the cables as well 
as the derivation of the conductor attachment points. LIDAR in conjunction with GIS technology 
provides efficient database updating and analysis.    

GIS plays an important role concerning the storage, manipulation and customized 
analysis and interpretation of spatial data. The GIS-based application developed for the analysis 
of the LIDAR data to support among others, re-rating projects has shown ArcGIS to be a 
powerful toolbox to perform complex analyses. ArcGIS being the enterprise plataform of most 
users it is crucial and the most suitable environment for the development of solutions derived 
from LIDAR technology. 
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