
 CIRED ZorkVhop on E-mobiliW\ and poZer diVWribXWion V\VWemV PorWo, 2-3 JXne 2022 
 

Paper n� 1288 
 

 

CIRED 2022 WorkVhop  1/5 

INTRODUCING GUARD SMART METERS: VOLTAGE PREDICTIONS AND ITS 
IMPLICATIONS FOR SMART LV GRID OPERATION 

 
IkeU GARCIA RIBOTE RRbeUWR SANTANA PaWUick MULROY      LXiV DEL RIO ETAYO 

OCT1 ± SSain UPV/EHU2 ± SSain OCT1 - SSain OCT1 - SSain 
iUi@RUma]abal.cRm URbeUWR.VanWana@ehX.eXV SmX@RUma]abal.cRm lUe@RUma]abal.cRm 

 

1 OUPD]DEDO CRUSRUDWH THFKQRORJ\ (OUPD]DEDO AQDO\WLFV) 
2 UQLYHUVLW\ RI WKH BDVTXH CRXQWU\ 

AB675AC7 
:LWK WKH DGYHQW RI QHZ ORDGV DQG JHQHUDWLRQ RQ WKH ORZ 
YROWDJH JULG, YROWDJH IOXFWXDWLRQ KDV LQFUHDVHG, HVSHFLDOO\ 
LQ DFWLYH GLVWULEXWLRQ JULGV ZLWK D KLJK SHQHWUDWLRQ RI 
GLVWULEXWHG UHVRXUFHV DQG D ODUJH GHSOR\PHQW RI HOHFWULF 
YHKLFOHV. AOO WKLV OHDGV WR JUHDWHU XQFHUWDLQW\ LQ IXWXUH 
FRQVXPSWLRQ SDWWHUQV, JLYLQJ JUHDWHU LPSRUWDQFH WR 
SUHGLFWLYH PRGHOV FDSDEOH RI DGDSWLQJ LQ UHDO WLPH WR 
XQH[SHFWHG YDULDWLRQV. GLYHQ WKH FXUUHQW PHDVXULQJ DQG 
FRPPXQLFDWLRQ LQIUDVWUXFWXUH RI VPDUW PHWHUV LQ SSDLQ, LW 
LV QRW IHDVLEOH WR UHTXHVW UHDO-WLPH GDWD IURP DOO 
FRQVXPHUV. HRZHYHU, LW LV SRVVLEOH WR FRPPXQLFDWH RQ-OLQH 
ZLWK D IHZ, ZKLFK ZH FDOO JXDUG (RU VHQWLQHO) VPDUW PHWHUV. 
TKH UHVXOWV SUHVHQW (I) D QRYHO PHWKRGRORJ\ WR VHOHFW WKH 
VHQWLQHO PHWHUV DQG (II) WKHLU LQWHJUDWLRQ LQ SUHGLFWLYH 
PRGHOV EDVHG RQ QHXUDO QHWZRUNV, LPSURYLQJ WKHLU DELOLW\ 
WR DGDSW DQG DQWLFLSDWH IXWXUH VWDWHV. FRU WKH DQDO\VHV, LW 
KDV EHHQ XVHG (L) GDWD IURP WKUHH JURXSV RI PHWHUV 
EHORQJLQJ WR WKH OLYLQJ ODE RI D DSO, (LL) GDWD IURP WKH 
KHDG-HQG IHHGHUV RI WKH WUDQVIRUPHU VXEVWDWLRQ DQG (LLL) 
GDWD IURP WKH QHDUHVW ZHDWKHU VWDWLRQ. 

INTRODUCTION 
SmaUW gUidV Sla\ a cUiWical URle in Whe efficienW XVe Rf eneUg\ 
UeVRXUceV in WRda\'V VRcieWieV. ElecWUic YehicleV (EVV) and 
diVWUibXWed geneUaWiRn (DG), alRng ZiWh RWheU emeUging 
WechnRlRgieV VXch aV heaW SXmSV, aUe incUeaVing Whe 
cRmSle[iW\ and UeTXiUemenWV Rf diVWUibXWiRn neWZRUkV. 
AlRng ZiWh SURSeU gUid UeinfRUcemenW, iW iV eVVenWial WR 
efficienWl\ manage WheVe neZ WechnRlRgieV, fRU Zhich 
VmaUW chaUging and fle[ibiliW\ mechaniVmV Sla\ a cUiWical 
URle. 
 
WiWhin Whe fUameZRUk Rf Slanning and fle[ible neWZRUk 
RSeUaWiRn, daWa anal\ViV WechniTXeV aUe ke\, eVSeciall\ in 
Whe field Rf cRnVXmSWiRn fRUecaVWing, Zhich allRZV 
anWiciSaWiRn and adaSWaWiRn WR Whe VWaWe Rf Whe neWZRUk [1]. 
The imSRUWance Rf NeXUal NeWZRUkV in WeUmV Rf 
SUedicWiRnV iV Zell knRZn. 
 
In Whe liWeUaWXUe, diffeUenW SUedicWiRn aSSURacheV baVed Rn 
NeXUal NeWZRUkV can be fRXnd, amRng RWheUV, aXWR-
UegUeVViYe SUedicWiYe mRdelV WUained ZiWh hiVWRUical daWa 
[2], YRlWage eVWimaWRUV WU\ing WR infeU Whe neWZRUk mRdel 
XVing knRZn RU RWheU e[WeUnal YaUiableV [3], eWc. 

 
HRZeYeU, knRZing Whe e[SecWed fXWXUe deYelRSmenW Rf 
SRZeU gUidV (EVV, DG, heaW SXmSV, URRf PVV, eWc.); Whe 
YRlWage flXcWXaWiRn Rf cRnVXmeUV ma\ YaU\ in a Za\ WhaW iV 
nRW e[SecWed fRU WheVe W\Se Rf mRdelV. IW iV WheUefRUe 
imSRUWanW WR haYe mRdelV WhaW XVe daWa in ³Ueal´ Wime RU aV 
clRVe WR Ueal-Wime aV SRVVible, VR WhaW Whe\ can adaSW WR 
WheVe YaUiaWiRnV. 
 
DeVSiWe Whe adYanced meWeUing infUaVWUXcWXUe (AMI) fRU 
lRZ YRlWage (LV) neWZRUkV e[iVWing in SSain, iW iV Zell 
knRZn WhaW all VmaUW meWeUV (SM) cannRW cRmmXnicaWe 
WheiU VWaWXV in Ueal Wime dXe WR cRmmXnicaWiRn VaWXUaWiRn in 
Whe gUid, hRZeYeU, iW iV SRVVible WR UeTXeVW Whe VWaWXV Rf a 
feZ Rf Whem, Zhich Ze call JXaUd VPaUW PeWeUV RU 
VeQWLQeO VPaUW PeWeUV. 
 
ThiV SaSeU SURSRVeV a SRWenWiall\ nRYel meWhRdRlRg\ fRU 
VenWinel VmaUW meWeU VelecWiRn, cRnViVWing Rf a mRdificaWiRn 
Rf Whe Zell-knRZn ³Ma[imXm ReleYance and MinimXm 
RedXndanc\´ (PRMR) feaWXUe VelecWiRn meWhRd [4] [5]. 
RegaUding cRnVXmeUV YRlWage SUedicWiRn, CRnYRlXWiRnal 
NeXUal NeWZRUk (CNN) iV SURSRVed. CNN cRmbineV Whe 
Ueal-Wime daWa Rf YRlWage and cXUUenW aW Whe SecRndaU\ 
TUanVfRUmeU SXbVWaWiRn (TS) and YRlWage daWa Rf VenWinel 
meWeUV, SUedicWing Whe YRlWage Rf Whe UeVW Rf Whe meWeUV in 
Whe neWZRUk. 
 
The SUedicWiRnV RbWained UedXce Whe eUURU WR leVV Whan half 
a YRlW in VRme caVeV, imSURYing eUURUV b\ XS WR WhUee WimeV 
cRmSaUed WR SUedicWiRnV RbWained ZiWhRXW Whe XVe Rf gXaUd 
meWeUV. In addiWiRn, Whe abiliW\ WR adaSW WR e[WeUnal 
YaUiaWiRnV, VXch aV, fRU e[amSle, WUanVfRUmeU WaS changeV, 
RU meWeRURlRgical and VRciR-cXlWXUal eYenWV, iV 
demRnVWUaWed. 
 
Real hiVWRUical daWa fURm WhUee gURXSV Rf VmaUW meWeUV haYe 
been XVed. In RUdeU WR anal\]e Whe imSacW Rf e[WeUnal 
YaUiableV in Whe mRdel, daWa fURm Whe cRUUeVSRnding TS 
feedeUV and fURm Whe neaUeVW ZeaWheU VWaWiRn haYe alVR been 
XVed. 

GUARD SMART METER SELECTION 
The difficXlW\ in VelecWing VenWinel meWeUV lieV in finding a 
feZ WhaW \ield WUained mRdelV caSable Rf infeUUing Whe VWaWe 
Rf Whe UeVW Rf Whe meWeUV. The VimilaUiW\ ZiWh SURblemV VXch 
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aV feaWXUe VelecWiRn iV RbYiRXV, fRU e[amSle, addiWiYiW\ iV 
neiWheU fXlfilled heUe, i.e., Whe Q beVW VenWinelV indiYidXall\ 
dR nRW haYe WR be Whe beVW Q aV a gURXS. 
 
A Zell-knRZn meWhRdRlRg\ fRU feaWXUe VelecWiRn iV PRMR 
[4] [5]. AlWhRXgh in Whe liWeUaWXUe iW iV geneUall\ XVed fRU 
diVcUeWe YaUiableV [6] [7], Ze alVR find e[amSleV fRU 
cRnWinXRXV YaUiableV [4]. In addiWiRn, Whe mRVW VWXdied 
deSlR\menWV fRcXV Rn a Vingle WaUgeW YaUiable, hRZeYeU, in 
Whe caVe caUUied RXW heUe; WheUe aUe mXlWiSle WaUgeW 
YaUiableV, in SaUWicXlaU, all Whe meWeUV nRW VelecWed aV 
VenWinelV, WheUefRUe, VRme mRdificaWiRnV aUe neceVVaU\ 
 
CRmmRnl\, WR meaVXUe Whe UeleYance Rf a SRVVible 
SUedicWRU YaUiable, Whe F-VWDWLVWLF Rf Whe lineaU UegUeVViRn 
beWZeen Whe candidaWe YaUiable and Whe WaUgeW YaUiable iV 
XVed. FRU eVWimaWing UedXndanc\, Whe PeaUVRn cRUUelaWiRn 
cRefficienW (ߩ) beWZeen Whe candidaWe YaUiable and Whe 
YaUiableV alUead\ VelecWed iV fUeTXenWl\ XVed. The meWhRd 
WR cRmbine bRWh indicaWRUV YaUieV, bXW Whe main meWhRdV 
aUe GLIIHUHQFH and TXRWLHQW. AfWeU cRmSXWing a VcRUe WhaW 
inWegUaWeV Whe UeleYance and UedXndanc\, Whe YaUiableV WhaW 
RbWain Whe ma[imXm YalXe aUe SURgUeVViYel\ VelecWed. 
 
LeW � be Whe WRWal VeW Rf YaUiableV, giYen P YaUiableV (P 
Wime VeUieV, Rne SeU VmaUW meWeU, i.e., _�_ = P), When, giYen 
a candidaWe YaUiable [L, a VeW S Rf YaUiableV alUead\ VelecWed 
and a WaUgeW YaUiable \, (1) and (2) UeSUeVenW Whe PRMR F-
WHVW FRUUHODWLRQ GLIIHUHQFH and F-WHVW FRUUHODWLRQ TXRWLHQW 
UeVSecWiYel\. 
 

𝑓ிሺ𝑥ሻ ൌ 𝐹ሺ𝑦, 𝑥ሻ െ
1

|𝑆|
 ,ሺxୱߩ| 𝑥ሻ|,

 

௫ೞ∈ௌ

 

 

(1) 

 

𝑓ிொሺ𝑥ሻ ൌ 𝐹ሺ𝑦, 𝑥ሻ/ሾ
1

|𝑆|
 ,ሺxୱߩ| 𝑥ሻ|ሿ,

 

௫ೞ∈ௌ

 

 

(2) 

 
ZheUe ߩሺxୱ, 𝑥ሻ iV Whe PeaUVRn cRUUelaWiRn cRefficienW, and 
𝐹ሺ𝑦, 𝑥ሻ iV Whe F-VWaWiVWic. HRZeYeU, in Whe SURblem 
diVcXVVed heUe, WheUe Zill nRW be a Vingle WaUgeW YaUiable \, 
bXW WheUe Zill be a VeW Rf WaUgeW YaUiableV <, ZiWh caUdinal 
_<_ = _�_ - _S_ - 1. CRnVeTXenWl\, a Vmall adjXVWmenW iV 
neceVVaU\ WR accRmmRdaWe mXlWiSle WaUgeW YaUiableV. 
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(4) 

 
TR deal ZiWh Whe SURblem Rf mXlWiSle WaUgeWV, Whe F VWaWiVWic 
Rf a mXlWiYaUiaWe lineaU UegUeVViRn cRXld alVR haYe been 
XVed inVWead Rf Whe PHDQ RI RQH-WR-RQH F-VWDWLVWLFV; 
hRZeYeU, Whe meWhRd emSlR\ed (RQH-WR-RQH) iV SRVWXlaWed 
aV Whe beVW Za\ WR mainWain Whe naWXUe Rf Whe iniWial idea. 
 

Since Whe IRUZDUG meWhRd haV been XVed, Whe fiUVW VenWinel 
iV VelecWed Rnl\ Rn Whe baViV Rf UeleYance. OWheU VWUaWegieV 
VXch aV Whe EDFNZDUG meWhRd can be fRXnd in Whe liWeUaWXUe 
[7]. 
 
SWandaUd PRMR meWhRdV fRU cRnWinXRXV YaUiableV XVe Whe 
F-VWDWLVWLF WR meaVXUe UeleYance; hRZeYeU, Whe magniWXde 
Rf YaUiabiliW\ Rf F iV YeU\ diffeUenW fURm ߩ. SRme SaSeUV 
SURSRVe a Za\ WR nRUmali]e Whe YalXeV [8] [9] [10], RU RWheU 
UeleYance meaVXUeV VXch aV R-YDOXH [11] [12]. In WhiV 
SaSeU, iW iV SURSRVed WR XVe Whe R-VTXDUHG (R2) meaVXUe, 
Vince iW iV Whe naWXUal alWeUnaWiYe WR F and iWV YalXeV aUe 
alUead\ cRnVWUained, ZiWhRXW deSending Rn Whe nXmbeU Rf 
RbVeUYaWiRnV RU degUeeV Rf fUeedRm Rf Whe lineaU 
UegUeVViRn. 
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(6) 

In WhiV SaSeU, WZR RWheU VimSleU meWhRdV aUe alVR SURSRVed: 
(i) UDQGRP VelecWiRn Rf VenWinel meWeUV and (ii) VelecWiRn Rf 
VenWinelV b\ YRlWage leYel (9). FRU Whe VecRnd meWhRd (ii), 
Ze calcXlaWe Whe aYeUage YRlWage Rf Whe candidaWe meWeUV, 
and Ze VelecW (and eliminaWe fURm Whe liVW Rf candidaWeV) 
Whe Rne ZiWh Whe YRlWage clRVeVW WR Whe median, Whe Rne ZiWh 
Whe ma[imXm YRlWage, and Whe Rne ZiWh Whe minimXm 
YRlWage cRnVecXWiYel\. ThiV lRRS Zill be inWeUUXSWed 
deSending Rn Whe nXmbeU Rf VenWinelV Ze ZanW WR VelecW. 
In RUdeU WR cRmSaUe Whe SUeVenWed meWhRdV, Whe fRllRZing 
meWhRdRlRg\ iV SURSRVed: 
 
1. The Wime VeUieV ZiWh 15-minXWe YRlWage meaVXUemenWV 

Rf 32 mRnRShaVic SM fRU a SeUiRd Rf aSSUR[imaWel\ 
WZR \eaUV haYe been XVed. 

2. The VelecWiRn Rf 1 WR 5 VenWinelV iV SURSRVed 
cRnVecXWiYel\. FRU Whe UandRm meWhRd, 20 UandRm 
VXbVeWV aUe VelecWed fRU each nXmbeU Rf VenWinelV. 

3. DaWa aUe diYided inWR WUain-WeVWV ZiWh a 90-10 UaWiR. 
4. Each VenWinel VelecWiRn meWhRd iV aSSlied Rn Whe WUain 

VeW. AfWeU WhaW, 10 CNN aUe WUained fRU each caVe. 
5. PUedicWiRnV aUe made Rn Whe WeVW VeW and TXaliW\ iV 

meaVXUed ZiWh Whe mean abVRlXWe eUURU (MAE). The 
median Rf Whe 10 SUedicWiRnV iV calcXlaWed. In Whe 
UDQGRP caVe, iW iV alVR neceVVaU\ WR cRmSXWe Whe 
median Rf Whe 20 VXbVeWV. 
 

The XVe Rf Whe MAE eUURU meaVXUe iV SURSRVed Vince, in 
geneUal, WUadiWiRnal eUURU meaVXUeV, VXch aV mean abVRlXWe 
SeUcenWage eUURU (MAPE), cannRW UeaVRnabl\ TXanWif\ 
indiYidXal lRad fRUecaVWing SeUfRUmance. SRme SaSeUV 
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alUead\ SURSRVe Whe XVe Rf Whe MAE RU mRdificaWiRnV Rf 
Whe MAPE [13] [14]. 
 

 
FLJXUe 1: Median MAE RYeU Whe WeVW VeW fRU Whe SUedicWiRnV 
cRUUeVSRnding WR Whe 10 CNN fRU each nXmbeU Rf VenWinel 
VmaUW meWeUV and meWhRd. 
 
AV FigXUe 1 VhRZV, Whe R2CD meWhRd achieYeV Whe beVW 
UeVXlWV, fRllRZed b\ Whe R2CQ and 9 meWhRdV, imSURYing 
cRnVideUabl\ ZiWh UeVSecW WR Whe RUiginal meWhRdV fRXnd in 
Whe liWeUaWXUe (FCD, FCQ). TheUefRUe, Whe meWhRdV 
SURSRVed haYe WXUned RXW WR be VXcceVVfXl, WhXV SURYiding 
neZ meWhRdRlRgieV fRU feaWXUe VelecWiRn (VenWinel VmaUW 
meWeU VelecWiRn in WhiV VWXd\). 
 
NRWe WhaW Whe median magniWXde Rf Whe MAE RYeU all 
SUedicWiRnV Rf all WaUgeW YaUiableV iV leVV Whan 0.9V, 
Ueaching leVV Whan 0.675V in Whe beVW caVe. IW iV alVR 
imSRUWanW WR highlighW Whe cRnViVWenc\ Rf Whe UeVXlWV, 
haYing WUained 50 CNN fRU each meWhRd, e[ceSW fRU Whe 
UandRm meWhRd, ZheUe 1000 haYe been WUained, adding XS 
WR 1250-WUained and WeVWed neXUal neWZRUkV. 
 
IW iV ZRUWh menWiRning WhaW Whe nXmbeU Rf WaUgeW YaUiableV 
changeV fRU each nXmbeU Rf VenWinelV, i.e., fRU Whe caVe Rf 
1 VenWinel, Whe YRlWage iV infeUUed fRU Whe RWheU 31 meWeUV, 
fRU Whe caVe Rf 2 Whe RWheU 30, eWc. TheUefRUe, Whe median iV 
calcXlaWed Rn a VeW Rf MAEV Rf diffeUenW Vi]e fRU each caVe. 
ThiV makeV Whe cRmSaUiVRn nRW enWiUel\ RbjecWiYe, bXW 
illXVWUaWiYe. 

IMPACT OF EXTERNAL VARIABLES 
The RbjecWiYe iV WR aVVeVV Whe imSacW Rf YaUiableV e[WeUnal 
WR Whe VmaUW meWeUV Rn Whe mRdel, fRU WhiV SXUSRVe, 
meaVXUemenWV Rf Whe cRUUeVSRnding feedeU aW Whe head-end 
TS and meWeRURlRgical (MET) daWa haYe been XVed. 
 
The SRVVible inflXence Rf Whe TS feedeU daWa VeemV 
RbYiRXV; in Whe caVe Rf ZeaWheU daWa, iW ma\ helS Whe mRdel 
WR anWiciSaWe Whe inflXence Rf aSSlianceV VXch aV heaWing, 
YenWilaWiRn and aiU cRndiWiRning (HVAC). In WhiV TS WheUe 
iV nR inflXence Rf EV, DG, eWc. 

Since daWa mXVW cRincide in Wime, Whe aYailable daWaVeW haV 
been UedXced WR Rne \eaU. AV a UeVXlW, Whe TXaliW\ Rf Whe 
SUedicWiRnV ZRUVenV; hRZeYeU, Whe\ aUe VWill VXfficienW WR 
cRmSaUe Whe UelaWiYe imSacW. 
 
The e[WeUnal YaUiableV XVed aUe: (TS) head-end YRlWage and 
cXUUenW and (MET) WemSeUaWXUe, Zind, hXmidiW\, SUeVVXUe, 
W\Se Rf Vk\ and ZheWheU Whe da\ ZaV a hRlida\ RU nRW. 
 
Again, Whe VelecWiRn fURm 1 WR 5 VenWinelV cRnVecXWiYel\ haV 
been iWeUaWed, iW haV been cRnVideUed all SRVVible 
cRmbinaWiRnV ZiWh e[WeUnal YaUiableV, WUaining 10 CNN fRU 
each caVe, and Whe median MAE haV been calcXlaWed. 

 
FLJXUe 2: Median MAE RYeU Whe WeVW VeW fRU Whe SUedicWiRnV 
cRUUeVSRnding WR Whe 10 CNN fRU each nXmbeU Rf VenWinel 
VmaUW meWeUV and XVed e[WeUnal YaUiableV. The bRWWRm 
gUaSh VhRZV Whe ]RRm Rn Whe WZR beVW cXUYeV. 

AV VhRZn in FigXUe 2, inWURdXcing MET daWa VignificanWl\ 
ZRUVenV Whe UeVXlWV. ThiV iV mainl\ dXe WR WZR facWRUV: (i) 
Whe aYailable daWa had a fUeTXenc\ Rf 30 minXWeV and ZaV 
inWeUSRlaWed WR 15 minXWeV and (ii) Whe daWa cRUUeVSRndV WR 
a ZeaWheU VWaWiRn aW a diVWance Rf mRUe Whan 5km fURm Whe 
TS. TheUefRUe, Ze aUe SXWWing nRiVe inWR Whe mRdel. AV can 
be RbVeUYed in Whe bRWWRm gUaSh, inclXding Whe feedeU daWa 
imSURYeV Whe SUedicWiRnV. 
 
TheUefRUe, Whe fRllRZing (VHQW + TS) iV SRVWXlaWed aV Whe 
beVW meWhRdRlRg\: (i) VelecW Whe VenWinel meWeUV XVing Whe 
R2CD meWhRd and (ii) cRmbine Whe daWa fURm WheVe 
VenWinelV and Whe YRlWage and cXUUenW aW Whe TS WR geneUaWe 
a neXUal neWZRUk-baVed mRdel caSable Rf eVWimaWing Whe 
YRlWage Rf Whe Uemaining meWeUV. 
 
MAIN TESTS 
 
In WhiV VecWiRn, VHQW + TS meWhRdRlRg\ Zill be SXW inWR 
SUacWice ZiWh 5 VenWinel VmaUW meWeUV. FRU WhiV SXUSRVe, 
WhUee diffeUenW gURXSV Rf VenWinel VmaUW meWeUV belRnging 
WR diffeUenW ShaVeV (R, S, and T) haYe been VelecWed. 
GURXSV 1, 2 and 3 cRnViVW Rf 26, 24 and 32 mRnRShaVic 
meWeUV UeVSecWiYel\. 
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The fRllRZing VWeSV haYe been fRllRZed: (i) fiUVW, daWa haV 
been VeSaUaWed inWR WUain-WeVW ZiWh a 90-10 UaWiR, (ii) Rn Whe 
WUain VeW, Whe R2CD meWhRd iV aSSlied WR VelecW Whe 5 
VenWinelV, (iii) When Whe neXUal neWZRUk iV WUained, (iY) 
finall\ Whe YRlWage Rf Whe XnVelecWed meWeUV iV SUedicWed 
RYeU Whe WeVW VeW and Whe MAE iV meaVXUed. 
 
The naWXUe Rf Whe meWhRd lieV in e[SlRiWing Whe VimilaUiW\ 
beWZeen gURXSV Rf mRnRShaVic cRnVXmeUV belRnging WR 
Whe Vame feedeU and ShaVe [15]. CNN UeceiYeV aV inSXW a 
YecWRU Rf Vi]e 7 (Whe YRlWage Rf Whe 5 VenWinelV SlXV Whe 2 
headeU YalXeV ±cXUUenW and YRlWage- aW inVWanW W), and 
UeWXUnV aV RXWSXW a YecWRU Rf Vi]e U (Whe YRlWage aW inVWanW W 
fRU Whe UeVW Rf Whe meWeUV: Vi]eV 21, 19 and 27 fRU gURXSV 1, 
2 and 3 UeVSecWiYel\). FigXUe 4 VhRZV Whe SURceVV 
VchemaWicall\ fRU gURXS 3. 
 

 
 
FLJXUe 3: SchemaWic UeSUeVenWaWiRn Rf Whe XVed CNN 
aUchiWecWXUe, VSecificall\ fRU caVe 3 (27 WaUgeW YaUiableV). 

GiYen WhaW SUedicWiRnV aUe made fRU mXlWiSle XVeUV, iW iV nRW 
feaVible WR VWXd\ Whe fRUecaVWV Rne b\ Rne; hRZeYeU, a 
VimSle Za\ WR aVVeVV Whe UeVXlWV iV WR anal\]e Whe 
diVWUibXWiRn Rf Whe eUURUV. 
 

 

FLJXUe 4: DiVWUibXWiRn Rf all eUURUV (lefW) and diVWUibXWiRn 
Rf aYeUage eUURU SeU VmaUW meWeU (UighW). 

The blXe, RUange and gUeen cXUYeV UeSUeVenW Whe 
diVWUibXWiRn Rf eUURUV fRU gURXSV Rf 21, 19 and 27 meWeUV 
UeVSecWiYel\. In Whe lefW chaUW Rf FigXUe 4, Ze can Vee hRZ 
Whe diVWUibXWiRn Rf all Whe eUURUV fRU Whe WhUee gURXSV fRllRZ 
FKL-VTXDUH diVWUibXWiRnV, ZiWh mRVW Rf Whe eUURUV 
cRncenWUaWed beWZeen 0V and 1V. 
 

HRZeYeU, Whe chaUW Rn Whe UighW VhRZV hRZ Whe 
diVWUibXWiRnV Rf Whe mean eUURU SeU XVeU fRllRZ a VhaSe 
mRUe VimilaU WR Whe QRUPDO diVWUibXWiRn. ThiV makeV VenVe, 
Vince, accRUding WR Whe FHQWUDO OLPLW WKHRUHP, Whe gUeaWeU 
Whe nXmbeU Rf indeSendenW UandRm YaUiableV cRmbined, 
Whe clRVeU WR a nRUmal diVWUibXWiRn. GURXS 2 aSSeaUV WR haYe 
a VRmeZhaW diffeUenW diVWUibXWiRn, mRUe VimilaU WR a 
ELPRGDO Rne. 
 
UVing Whe Mann-WhiWne\ U nXll h\SRWheViV WeVW beWZeen 
Whe diVWUibXWiRn Rf eUURUV Rf Whe gURXSV Rne-WR-Rne, iW haV 
been YeUified ZiWh 99% cRnfidence WhaW Whe aYeUage eUURUV 
SeU XVeU diVWUibXWiRn Rf gURXS 2 fRllRZV a VignificanWl\ 
diffeUenW diVWUibXWiRn fURm gURXSV 1 and 3. 
   
TabOe 1: Mann-WhiWne\ U TeVW Rne-WR-Rne S-YalXeV 

 GURXSV 1-2 GURXSV 2-3 GURXSV 1-3 
S-YalXe 7.34[10-6 2.67[10-6 0.37 

 
The main UeaVRn iV WhaW Whe SUedicWiRnV fRU 3 Rf Whe 19 
meWeUV Rf gURXS 2 iV VignificanWl\ ZRUVe. HRZeYeU, Whe facW 
WhaW Whe gURXS 2 iV VmalleU alVR haV an imSacW, aV VWaWed in 
[16], ZheUe Whe aXWhRUV claim WhaW Whe accXUac\ Rf 
SUedicWiRnV imSURYeV aV Whe gURXS Vi]e incUeaVeV. 
 
In an\ caVe, WheVe aUe gRRd UeVXlWV, ZiWh mRVW eUURUV 
cRncenWUaWed in 0-1V and ZiWh aYeUage eUURU SeU XVeU 
cRnWained in 0.5-1V. IW VhRXld be nRWed WhaW in VRme caVeV 
eYen Whe XnceUWainW\ Uange Rf VmaUW meWeUV meaVXUemenWV 
iV higheU. Finall\, fRU illXVWUaWiYe SXUSRVeV, FigXUe 5 
deSicWV Rne Rf Whe beVW SUedicWiRnV RbWained fRU a cRnVXmeU 
Rf gURXS 1. 
 

 
FLJXUe 5: PUedicWiRn Rn a cRnVXmeU Rf gURXS 1. 

CONCLUSION 
The PRMR meWhRdV ZiWh Whe neceVVaU\ adaSWaWiRnV (R2CD 
and R2CQ) aUe SRVWXlaWed aV Whe beVW fRU Whe VelecWiRn Rf 
gXaUd meWeUV. CRnYRlXWiRnal neXUal neWZRUkV aUe able WR 
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efficienWl\ infeU Whe aVVRciaWiRnV beWZeen VenWinel meWeUV 
and feedeUV ZiWh UeVSecW WR Whe UeVW Rf Whe cRnVXmeUV. 

FUTURE WORK 
An RSen line Rf UeVeaUch ZRXld be WR XVe Whe cRnnecWiRn 
hieUaUch\ Rf Whe SRZeU gUid, Zhich haV alUead\ been XVed 
fRU diVWUibXWiRn lRad fRUecaVWing [17], WR e[SlRiW Whe 
VelecWiRn Rf VenWinel meWeUV. The aVVRciaWiRn beWZeen 
VenWinel VelecWiRn meWhRd and CNN mRdel imSURYemenW 
UemainV WR be VWXdied. Finding Whe cXW-Rff SRinW in Whe 
nXmbeU Rf VenWinelV WhaW cRnWUibXWe VignificanWl\ WR Whe 
CNN mRdel can be cUiWical. AnRWheU cUXcial aVSecW, 
RXWlieUV, UemainV WR be VWXdied. The XVefXlneVV Rf Whe mRdel 
ma\ be TXeVWiRned if Whe eUURUV aUe cRncenWUaWed in e[WUeme 
YRlWage YalXeV, Zhich aUe, in VhRUW, ZheUe fle[ibiliW\ 
deciViRnV haYe mRUe ZeighW. TR WhiV end, iW iV SURSRVed WR 
cRmbine WhiV mRdel ZiWh a Wime VeUieV claVVificaWiRn mRdel 
caSable Rf SUedicWing fXWXUe RXWlieUV. WRUk iV cXUUenWl\ in 
SURgUeVV. 
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