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ABSTRACT

Maintenance inspectionhas an important rolefor
distribution network compdes Inspectios should be
homogeneous and cesfficiert, and, & the sametime,
additionalvalues should be createhere possibleElenia
Oy hasmadeuseof an aerial photograply systenfor its
overhead line medium and high voltage ratw Clear
benefits and additional valueare observedwith the
technique This paper presents experiences and benefits
that Elenia hasgained from thisAerial photograpkis a
more costefficiert inspectiontechniquethan traditional
walking inspectionand it offersadditional valueof scale
for theEleniaorganizationand its partnership network &
variety ofareas

INTRODUCTION

Using maintenance inspection resulisa challenge for
every large distribution system owner DSO). Data
gatheringguantty, quality, and upkeep anmost important
for the effciency. The role of inspection resulis
increadng, especiallyn relation tofuture trends like a large
reconstruction period for the old distribution netwddy.

A common way tanakeinitial inspectionsin overhead line
networls is by walking. Inspectargo pole to pole and
record observations ofremarksabout) the object.This
techniques time-consuming and expensi@othe sequence

of inspection carast six to eightyears ina distribution
network [1]. Also, inspection esults are basel on the
inspectoré subjective opinionwhich can vary between
inspectors. These results support maintenance actions an
investment plannindut other benefitarehard to find.

A second common way to do iresgions isby helicopter
with aninspector insideWith this techniqueinspection is
madevisually fromahelicopter and remarks recorded with
the gpssystem toa computer or using paper mapehis
inspectiortechniquds quite expensivashelicopter speds
camot be high, normally 2040 km/h whichmeans more
flight hoursand correspondinty higher costsAdditional
value canot be seenalthoughthe inspector can take
images for work planning. Still, photographing lay
inspector is complicated becausé issues withimage
quality, the large number ophotcs required and the
identification of manualmages of photographed network
componerg.

Elenia Oy, formdy Vattenfall Nordic Distribution Finland
is the seconthrgestDSO in Finlangdoperaing over60 000
km of electricity distribution network.Now, Elenia Oy
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(henceforth Elenia) has testedalternative inspection
techniquesfor greater efficiency in operations. Elenia
started the pilot project for aerial network photogsapith
Visimind AB (hencéorth, Visimind) in 2006. Afterthe
pilot, Elenia decidedo inspect the whole medium voltage
overhead line network, totally 22 000 kmsing the
Visimind aerial photographtechniqueduring 20082010.
Nowadaysaerial photographis aneveryday tool in Enia
and includedin the maintenance progranilhis paper
present someexperiences and results of aerial photogyaph
from the Elenia operations.

SYSTEM DESCRIPTION

The Visimind aerial photographtechniqueis based ora
helicopter witha PC, GPSor GLOSNASS system, high
class ptics camerg®ndalaserscannef2]. The kelicopter
navigates over the electricity linéaking high sequence
images whilescanning the area withlaser Navigationis
based on networ#data delivered byhe DSO. There isno
traditional network inspector in the helicopter, just the pilot
and system operatomwho operatesthe cameras and
navigates thoughthe network. As there is naneed fora
manualoptical inspectionthe operation speed can be high
This reduces the costsinceflying expensesnake upthe
main cost of the presentegthniquelt shouldbe notedhat
operatingspeed only can bmaintainedn medium (10kV
or higher) or high voltage network. In low voltage netvgork
(0.4kv i 1.0 kV), helicopter speedhecomegoo low for
costeffective photograph

After the data is gathered, it is saved to hard drive and some
post processingerformed Then, dter post processinghe

Jdata is ready for viewingVith Visimind DPM software

one can fluently navigatarough aistribution network and
see network components dhe monitor. [2] The laser

material is also available for viewing and making
measurements

Ifhagel. Medium voltage ple viewed in Visimind DPM software.
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Elenia tas four different kinds of images anthaer scan in
system.The mages consist df) a general view fronthe
line corridor areaas in the image 1 aboy@) front high
resolution imagef componentss in themage 1 aboye)
back high resolution imagef componentsand4) a 3D-
image created frontwo general viewsThe lser scan
material gives point clouthformation, enablingnetwork
viewing andmeasurementfor examplebetweerthe line
andstructuresas inthe following image 3.

These images andhe laser material are used for
maintenance inspectiomspection can benadein office
conditions using a modern computer with large screens
Elenia hasa file-based interface betweehe inspection
program(Visimind DPM) andits ownnetwork information
system NISTeklaNIS)as in the following table.ZheNIS
network component data and topology caow be
transferred tathe DPM, and inspection remarkgan be
directedto aunique component insteaélanx,y coordnate.

Data collection by
helicopter

Visimind DPM software
Hard

drives | -Image and laser data
viewing

Network
information

-Image and laser data
collected to hard drives.
-Immediate faults informed to
dispatch center after flight.

Inspection

-Component and tree
results

clearing inspection

Network information system

TeklaNIS
Maintenance work in field

7 ™
q,\u«" -Network information.
-Maintenance works to components e‘eﬂ" o® -Maintenance information.
-Tree clearing \é\
A y “\9}‘
N
o
/ \o
/ \
/ \
-Workmethod planning.

\ -Documentation to NIS

Contractor

Table 2. System integration and pess.

EXPERIENCES OF SYSTEM USE

The aerial photograptinspection results diverge sowteat
compared tahose ofwalking inspectios. The rumber of
top-side remarks is higheA significant number of @arby
distance markings are noticed. Especially, the level of
secondary substation isolatbreaks observed is much
higher than that derived from theaditional walking
technique One of the most noteworthy outcomissthe
homogeniy of inspection resultdVith aaial photograpi,
inspectiondoes not requirenore thara few inspectors so
inspection ismade with only a few different human
perspective¢eading to littlesubjective deviation between
inspection analysis andreatercomparabity of results
acrossnetwaks. This is apparent fromcomparson of
resultswith those ofwalking inspection, which show a
greater, thus suspedriancebetweernnspectors evewhen
theinspectechetwork isvery homogeneous.

One must remember that inspectidtased on aerial
phobgraply can bgerformedveryquickly and therefore a
lot of maintenance dathecomes rapidlyavailable for
planners and decision makefsis means thatra-planning
of the company maintenance programmicessaryElenia
reorganizedits maintenance progm based on aerial
photograply after the pilot anda threeyear photograph
program The previoussix-year inspection sequenees
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changed t@ four-yearonefor medium voltage netwosk
This means that Eleniaill photograph7 000 km per year
of medium wltage networkwith appropriatenaintenance
actions orderedithin half yearof flights (data collection)
Actually, process can be even faster in case of Elenia but it
need efficient data transfer and strong project leading.
Elenia has experienced a¢iigspection results very useful
and inspection quality validation can be done easily with
quite many checkpoints compdréo walking inspection
results whichguality assuranceeeds sitelgveys

Aerial photos are nainly used for component inspection.
With usecdthe Visimind DPM-system it is possible farint
the photo file from the remarkimagewith the necessary
information totheattachmenin the workorder. This helps
external partner work planningrom the photo filg it is
easy taanalyzethe envronment ofthe maintenance target,
for examples therearoad forthe crane truck nearby.

Elenia and Visimind havelso developed treelearing
inspectiontechniquesluring their cooperation. Nowadays
Eleniaperforms aseparate treelearing inspectiobased on
theimagesproduced This inspection is not onipadefor
single line partsinceit is possible to ddt for several line
parts with linear remark markingsispections also broken
down intoseveral categoriesicludingbranches, underline
vegetation and corridor width. Traditionallytree-clearing
is performedwith a time-based plan buthe technique
El e n usam@® san be diredd to need-based tree
cleaance All the treeclearing inspection redts are
transferred to NIS wheremaintenane planner caexecute
theanalysis and prioritization for network trekaring. On
account othecomprehensive knowledge of treleaance
needsgained, together with that of theetwork and also
customer information, one easily can direstajor
mainterance actions like machineor helicopter tree
cleance tomostnecessary areas.

The one of the biggest benefitderived following
implementationof the Visimind systemis related to daily
use of theDSO. Elenia hasan extremely centralized
organizationwith a wide network areaesulting in high
expectationsf thesystemand itsuses Even sgElenia has
beensurprisedoy theutilization rate of the Visimind DPM
by its personnel. Connection and reconstruction planners
usethe system dailyin network planing, operators use it
for operationalplanning and technical customer service
likewise. In most caseshe benefitsthat can begained
include better or more readyetwork plars, improved
customer servicéess wide planned interruptisrandetter
anaysis of most probable fault locatismAlso there isa
reducedneed forcompany employees ttravel or site
survey.

Therearesome challenges arsttiking issues alsdt is to
be notedthat with the techniquepresented therés no
possibilityof rotten mle inspectionThe wique markingsf
componentsare difficult to see and inspect. Therefore
walking inspections are needed in places wheredssues
are presentutstill not withavery high frequency ifised

in combination withaerial photograph Based on Elenia s
experiencesone must plato carefully interfacenyaerial
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photograpl system with the individual network and
maintenanceystem.

TECHNIQUE DEVELOPMENT AND FURT HER
STUDY

Elenia is concernedto developthe aerial photograph
system to provide increasedefficiency in network
maintenance and operationSurrently, there are three
different aspectsf this beingdeveloped

Image 3. Line corridor view.

First, treeclearing inspection should benade fully
automatic based on laser scannitegaas in the image 3
above When performedautomatically from laser cloyd
there is no subjective variation in results and algorithms can
analyzethe precisdine partsthat need tde treecleared.
Algorithms could havegrowth models, danger distance
estimation and environment informatiotj3] Elenia see
that in overhead line netwakthis newtechniquecould
give substantial benefits iterms of fewer faults and
planned interruptionBecause tree clearing can be planned
more carefully

Second one development idea ithat of making aerial
photos available to contractoEslenia hasiowoutsourced
all of its network construction, maintenance, field seryvice
and fault repair. For every separate actiBlenia hasa
fixed unit price. If Elenia can sharthe collectedaerial
photoswith its partners in the futurghey carbenefitfrom
the images intheir everyday operationswhich, in the
future, will probably slightly reducecertainfixed prices .
This will alsohave some environmental benef@scethe
need for site visitdecreaseas network structuresan be
observed directly from the imagesAlso, plans for
construction and maintenance jobs argrovedas the
networkcan be viewed whilenaking the plans.

A third development idea &ound conamsthe creation of
a singlesystem Elenia seg thatintegration of Visimind
DPM with
daily aerial photograptiewing. Thereis no need fortwo
separate systents do the same things to surveiie same
object. After integrationafi Vi s u asly s N\ nes$nide
established, in whicbne seeboththe network information
andobjectimage in one windowl he kenefitsof thiscan be
calculatedas time saved by (bottsets of systemusers.
Also, theuse ofimages thoughdifferent mobile solutions
beinginvestigated.
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CONCLUSIONS

Elenia has been takenmaajor step by including aerial
photograply inspectionsin its maintenance program and
employingit as aneveryday tool.The decision has been
seen as correct. #DSO ompany structure is centralized
or hasalarge overhead line network area, obvious benefits
arepresentAlready, the combination odierial photograph
and inspection from imagésprobably more costffective
than walking inspectiaand alsdheinspetion quality can

be observed. When notifying additional valuesch as
laserbased treelearing inspection, work planninand no
need for site survey, one can see the aerial photograighing
a tool of greatpotential tool for DSO(appreciatingthe
limtsofbi r d 6 s inspeaiosy i e w

National interest around aerial photography is increasing all
the time. More DSOs are using aerial photography as their
maintenance inspection tgahd new developmesaround
thetechniqueareongoing ThereforeElenia sesthat in the
future aerial photography will lteme standard for
maintenance inspection.
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