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Abstract

The supply of permanent electrical energy is of vital importance in modern life and its disruption can
cause heavy damage to different areas in industry, commerce, transportation, sanitation and health,
education, and management of the society. To prevent the network from short-circuiting to the ground,
the amount of sag (drop) of the conductors must be within a standard range. Existing methods for sag
measurement often require permanent installation of equipment - such as a camera, GPS receiver, and
magnetic field sensor - on the line, the poles/towers, and/or around them. The method presented in this
paper performs sag measurement based on a single image recorded from the conductor and poles/tow-
ers on its both sides. In addition, the distance between the two ends of the conductor from the camera
needs to be measured using a laser rangefinder. First, the position of the two ends of the conductor in
three-dimensional space is obtained with the help of rangefinder data. Then, from all the parabolas that
pass through these two points, the one that best matches the visual observations and field assumptions
is selected, and based on that, the three-dimensional conductor model is generated and the sag is
calculated. The proposed measurement method can be done without interruption of the network and
dangerous approach to the line and with the help of portable and inexpensive equipment. Evaluation
on laboratory and field data showed that the proposed method is not sensitive to the shooting angle,
works well in complicated backgrounds, and has an average error of less than 1% of the sag value.
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Table (1): Results of the first experiment
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Table (2): Results of the second experiment
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Figure (4): Laboratory conditions for evaluating the proposed method, a) how to arrange, b) shooting angles
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Figure (5): The location for field evaluation of the proposed method around Tafresh- Markazi province
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Figure (6): In the proposed method, a laser rangefinder is used to measure the distance from the insulators. (a) shows the laser rangefinder

used and (b) shows the view provided by the rangefinder, which makes it easy to measure at distances of several hundred meters from the
insulators.
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Table (3): Results of the third experiment

Gl fase . Ny
u.T-";e [ " o ot 3 alold g% ,;l alols AL ,||.\.6.“; o
I G yo L. G Coomw Sl y Ceoww odls (5 S 03l i
s B st (i) (ko) (il Ui | T
(yo0)
LA A YIY-. A\RIE ARYAY \
LA A YIY-. Yo Y5 Y
-/t VY YA YV ARV S YNAY Y
<A YV YIVY Yvig Yo ¥
<A YV YIVY Yorr Yar N
IfA \IgY AVARA e ¥y R <IN

B i 4 9 0393 I3 om0l 50 Wpns Aoy g, (S Mz 3 (SAicRo Zgkaw b (5 y19bal 50 oo (53w ) ST (V) JSs
9 wiloads yasio )5 lawgd T g Coodle o Caonw (ygsiw 50 a0 o0 LS | ad gl glal Cawly Comw ygiw OSwd Cu g
sl 03,5 (63l ST o0 adnn (2656 Ky 41 45 ol 1) s (53 Liiions, k2 5951 (yuns
Figure (7): Wire detection in images with different levels of background complexity. The wires in the images are very thin and hard to see.

The right column shows the initial images. In the left column, the + signs are marked by the user, and then the proposed algorithm detects the
wire as shown in orange.

Lo 039 S5L 3929 b 5 g 09d o0 osaline dbne) ()0 &5 (o Sdazmy 0929 b 0gd oo 4l &5 jsblen
aeled 3Ly 85T 5 g3lsl (55 280 b | o Wl o0 02 )50l s Sl 5 (09 Ao

A\Y)



old o Lo jazen =018 spdloe Slgzaeses [ prdile olan 5 (S hg, SO

o —0-¥

Sgaz 5o gllas 4y wilaiuiles b by, (o g «ds Blod .l ool @3] 2l (6 .5 o3lail gl gooxie sl jog, e:ST
Sy b oS lalyh jo ) (aral o sl (Lol GPS  (cie by ¢ 538 Gl 4 oS oy Cewd e Slo Wiz
2y Gregile aiz gl ol » e G ssbimen 1V ] sl osls il il o Ve e g0l 5 e S
Sy o5 ol anglie BB solgiiny b, dawg oad @il cds b acds ol INY] el oo ,5 3155 Lals (s pu50 51l
oloul gy g a5l el alold o vasie slas S oslasl ploxil ISl g olKiws oals plod a0 ()lg8 oo |y (goloainn (b,
39 0 ol e aS ol g b oaguls sl SO [vv] &= 5o oolatul 8,50 ol audls glu, sy g o LS
slresnz a4 seeme slaslgy 5 Sl JhL S0 d925e ()l slaolity Sl 5l S ok () el Yo YO
S5 g Aol Sy & 4 waiadisn G5 555 S 4 soleity sy 85 Sl Jo 8 ol (ot g5
QO S Cewl oo gublie s, K> L g GPS e slacbin 5l diges ;2 a5 iz 2 0 5l g Yo V-
95 el b (g5, (3l jsboay Dl (ol a5 Sy Az g b (g wdl Syl eolerian e, 00 LS 9 9 Sl
Ll oads plad an 3o 18] s D990 Ll sl 0 slasole jo ild (5,503l ol obols Sl § digd o 0,
g solss oleidan by, 5l e Sl e 4 D 5l (g eglS iz s S by sl

G5 A -0

diejls il (6,5 o5ll gl vemge sla g, 3l (6 ks i &l lgola yo mls (g uSeslusl ol =29 e cpl o
-alols &’5 W}Q Gw; kSJ) LY JS‘.\> l.: JJ‘}JLSA W) ﬁ‘)l L}°9) (5]5 [EVEW- Lbj.us LQ‘_}SQ S9y k—")*PU s
oS 1 o, VU 5 455 & (0 e 5| S50 sl 14 5 08,8 (s eFashal g3 ol 511y 208 ke (5,50) e
pyodd bl o)lee pled jo Lo,as s o Sojlail glas .auS Bas 1, ISo (69, odigd ceal Sljpas Blol sboa o
5 oblal 4 cual e 4 Wiy co g, (! cwl canlin g (S5 DS s 8,90 0 )5 gl a5 Sl Cwdds oy SO
Cule,y azlis azas plol 3 (slas lasbinl ulwl 1) cual g 00,5 3590 cds |y (idd Jlake b wled S5 ) Solows
[EYURER T R0 Ol GES L g e 0 lasole o 5l o A SRS HPRSW SRV SRR P TR WX\ T S-S R EXA R bW
Golpinn oSiws yled sbml old (SHL L g ey 4 obsS Jlasl B o 1) olayhas Wlg o 0y 9 0,5 slo Jad jo
Sy JBlos a1y otz 5590 5 5 (LB OMSie g 00,5 > 1y 2 (6 S0l JSie d o JBlas b wilg o

&l b
cer e V= N-A9-Y g lael oS B o 09 ol 5l oskd g Dlidss cegle & lhg Jle Coles l allie ol B ais g
isled go gilo 08

References

&l

[1] C. Deng, S. Wang, Z. Huang, Z. Tan, J. Liu, "Unmanned aerial vehicles for power line inspection: a
cooperative way in platforms and communications”, Journal Commun, vol. 9, no. 9, pp. 687-692, Sept. 2014
(dio:10.12720/jcm.9.9.687-692).

[2] A.T. Zengin, G. Erdemir, T.C. Akinci, S Seker, "Measurement of power line sagging using sensor data of a
power line inspection robot"”, IEEE Access vol. 8 pp. 99198-99204, May. 2020 (doi: 10.1109/ACCESS.2-
020.2998154).

[3] D. Xiaoyuan, "Analytic method to calculate and characterize the sag and tension of overhead lines", IEEE
Trans. on Power Delivery, vol. 31, no. 5, pp. 2064-2071, Jan. 2016 (doi: 10.1109/TPWRD.2015.2510318).

[4] Y. Du, Y. Liao, "Online estimation of power transmission line parameters, temperature and sag", Proceeding
of the IEEE/NAPS, pp. 1-6, American, Aug. 2011 (doi: 10.1109/NAPS.2011.6024854).

[5] R.M. Hayes, A. Nourai, "Power line sag monitor”, U.S. Patent, No. 6,205,867. 27 Mar. 2001.

[GRRS)


http://dx.doi.org/10.12720/jcm.9.9.687-692
https://doi.org/10.1109/ACCESS.2020.2998154
https://doi.org/10.1109/ACCESS.2020.2998154
https://doi.org/10.1109/TPWRD.2015.2510318
https://ieeexplore.ieee.org/xpl/conhome/8095279/proceeding
https://doi.org/10.1109/NAPS.2011.6024854

VaVINEINEY 50l [z g ooty ojled foo,lha Jlo /50 St ;0 diadignr sl g, 4y pid

[6] R.G. Olsen, K.S. Edwards, "A new method for real-time monitoring of high-voltage transmission-line
conductor sag”, IEEE Trans. on Power Delivery, vol. 17 no. 4, pp. 1142-1152, Oct. 2002 (doi: 10.1109/-
TPWRD.2002.804015).

[7] X. Sun, K.S. Lui, K.K.Y. Wong, W.K. Lee, Y. Hou, Q. Huang, PW.T. Pong, "Novel application of
magnetoresistive sensors for high-voltage transmission-line monitoring", IEEE Trans. on Magnetics, vol. 47
no. 10, pp. 2608-2611, Sept. 2011 (doi: 10.1109/TMAG.2011.2158085).

[8] A. Habib, Q. Huang, J. Li, Z. Zhang, "Estimation of current and sag in overhead power transmission lines
with optimized magnetic field sensor array placement”, IEEE Trans. on Magnetics, vol. 53 no. 5, pp. 1-10,
Jan. 2017 (doi: 10.1109/TMAG.2017.2657490).

[9] C. M. Bonsu, U.F. Krekeler, G.T. Heydt, Y. Hoverson, J. Schilleci, B.L. Agrawal, "Application of the global
positioning system to the measurement of overhead power transmission conductor sag”, IEEE Trans. on
Power Delivery, vol. 17, no. 1, pp. 273-278, Jan. 2002 (doi: 10.1109/61.974218).

[10] S.M. Mahajan, U.M. Singareddy, "A real-time conductor sag measurement system using a differential
GPS", IEEE Trans. on Power Delivery, vol. 27 no. 2, pp. 475-480, Feb. 2012 (doi: 10.1109/TPWRD.2011.-
2181963).

[11] M. Wydra, P. Kisala, D. Harasim, P. Kacejko, "Overhead transmission line sag estimation using a simple
optomechanical system with chirped fiber bragg gratings, Part 1: Preliminary measurements”, Sensors, vol.
18 no. 1, Article Number: 309, Jan. 2018 (doi: 10.3390/s20092652).

[12] G. Sohn, Y. Jwa, H.B. Kim "Automatic powerline scene classification and reconstruction using airborne
lidar data”, Proceeding of the ISPRS, vol. I-3, pp. 167-172, Aug. 2012 (doi: 10.5194/isprsannals-1-3-167-
2012).

[13] J. Oh, C. Lee 2, "3D power line extraction from multiple aerial images", Sensors, vol. 17, no. 10, Article
Number: 2244, Sept. 2017 (doi: 10.3390/517102244).

[14] M. Wydra, P. Kubaczynski, K. Mazur, B. Ksiezopolski, "Time-aware monitoring of overhead transmission
line sag and temperature with LoRa communication”, Energies, vol. 12, no. 3, Article Number: 505, Feb.
2019 (doi: 10.3390/en12030505).

[15] M.Y. Sermet, I. Demir, S. Kucuksari, "Overhead power line sag monitoring through augmented reality",
Proceeding of the IEEE/NAPS, pp. 1-5, American, Sept. 2018 (doi: 10.1109/NAPS.2018.8600565).

[16] M.A. Isa, D. Sims-Waterhouse, S. Piano, R. Leach, "Volumetric error modelling of a stereo vision system
for error correction in photogrammetric three-dimensional coordinate metrology", Precision Engineering,
vol. 64, pp.188-199, July 2020 (10.1016/j.precisioneng.2020.04.010).

[17] H. Kim, W.Y. Kim, "Automated inspection system for rolling stock brake shoes", IEEE Trans. on Instru-
mentation and Measurement, vol. 60, no. 8, pp. 2835-2847, April 2011 (doi: 10.1109/T1M.2011.2119110).

[18] S. Huang, W. Jin, M. Ye, Z. Liu, B. Yu, Y. Ying, X. Zhang, Y. Mu, "A vision based method for automated
measurement of circular fiber cross-sections"”, Measurement, vol. 162, Article Number: 107913, Oct. 2020
(doi: 10.1016/j.measurement.2020.107913).

[19] M. Alidoust, M. Zeinali, H. Mahdavi-Nasab, "A robust edge detection method with subpixel accuracy in
presence of noise™, Journal of Intelligent Procedures in Electrical Technology, vol. 6, no. 24, pp. 17-26, Jan.
2016 (in Persian) (dor: 20.1001.1.23223871.1394.6.24.2.2).

[20] V. Ghods, A. Behrad, "Road extraction and car detection from aerial image using intensity and color"”,
Journal of Intelligent Procedures in Electrical Technology, vol. 2, no. 6, pp. 55-64, Aug. 2011 (in Persian)
(dor: 20.1001.1.23223871.1390.2.6.6.2).

WL o)

. Tower twist

. Drone

. Climbing robot

. Gravity vector

. Global positioning system
. Lidar: Light detection and ranging
. Inertial measurement unit
. Fitness measure

. Roll

10. Pitch

11. Pinhole camera

12. Optical center

13. Subpixel

14. Prune

O©oO~NOOUIh~WN B

o)


https://doi.org/10.1109/TPWRD.2002.804015
https://doi.org/10.1109/TPWRD.2002.804015
https://ieeexplore.ieee.org/author/37075648300
https://ieeexplore.ieee.org/author/37275934400
https://ieeexplore.ieee.org/author/37278683100
https://ieeexplore.ieee.org/author/37335550600
https://ieeexplore.ieee.org/author/37276077800
https://ieeexplore.ieee.org/author/37279982500
https://ieeexplore.ieee.org/author/37394228600
https://doi.org/10.1109/TMAG.2011.2158085
https://doi.org/10.1109/TMAG.2017.2657490
https://doi.org/10.1109/61.974218
https://ieeexplore.ieee.org/author/37317419600
https://ieeexplore.ieee.org/author/37662302900
https://doi.org/10.1109/TPWRD.2011.2181963
https://doi.org/10.1109/TPWRD.2011.2181963
http://dx.doi.org/10.3390/s20092652
http://dx.doi.org/10.3390/s17102244
http://dx.doi.org/10.3390/en12030505
https://ieeexplore.ieee.org/author/37086577910
https://ieeexplore.ieee.org/author/37089045882
https://ieeexplore.ieee.org/author/37296612600
https://ieeexplore.ieee.org/xpl/conhome/8095279/proceeding
https://doi.org/10.1109/NAPS.2018.8600565
http://dx.doi.org/10.1016/j.precisioneng.2020.04.010
https://ieeexplore.ieee.org/author/37406288300
https://ieeexplore.ieee.org/author/37349572400
https://doi.org/10.1109/TIM.2011.2119110

ol o Lo jazes —0,8 sedloe dlgzaess |

15. Concavity
16. Span
17. Total station

(Y9



