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Hierarchical Context-Aware Anomaly Diagnosis in Large-Scale PV Systems Using SCADA Data

BKXi#E (Dahai Kang)

BEREBW S Y Energy Internet Director

Email:kangdh@cnegroup.com

CONCORD
\ NEW DEFERERERAT
ENERGY Concord New Energy Group Limited — China

12/6/2017 THE 9TH PVPMC WORKSHOP 1
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3 = Concord New Energy Group Limited
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P4 (Outline)

= (Background )

kX (Challenges )

f# R B = (Proposed Solution)

ER K747 (Results)

ZE1C REZ ( Conclusion and Future Work)
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5t (Background)

" BARBAERYT ZREK ( PV O&M Demand )
= HIEEMRIEBILREIASE ( Installation Volume per PV
Plant )

HWW

KREHEEHE
(Manage Alerts)

RIS 4P
(Operation &
Maintenance)
1 HEBEBE —T20MWHISER IS & 2 SeREBIE— BRI A3 4 ) HA
(Fig.1 A 20 PV Plant in Tibet China) (Fig.2 An Example of Operation and Maintenance (O&M) Cycle)
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0 (Diverse and complex faults)

07/10/2016 €=0.95 BG=20.4 T1=100% 11:44:46

FE KR = B A ifE LB FEEY SEYPIEHE AP
(Gunshot Damage) (Surface soiling) (Weed Shading) (Building Shading) (Hotspot)
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P2 B R g R kK

» SERBIREIEWNEZS

(Data collection by supervisory control and data acquisition (SCADA) system)

Module String Combiner Box Inverter Utility Grid

(00

&3 — 1T HAEMFMERRAGHW REE
(Fig.3 Diagram of a grid-connected PV system)
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Hek3: SR kiR

ETHEETTE ETHET A

(Model-based) (Data-driven)

s ERENFIHE
(Supervised)

o INEEHE (Labeled data )

o FEHINZNIMNENIZEE (Extra
cost from additional measurement
devices)

o EIXIRENMIE - ERZR

_ RSPRRNPIECD
(Intolerance to real environment) - B El"]aE-;‘- = Z=A (Known

fault types )
« EFHITNGIE  (Statistical )

o LIERMBAEEBRLICRARANBEMAEL T RENIMNI A
KR, FEEABRHNAEE - X FETSCADARIH
TR ENF 7 /AR FERMIRHE,  (If not only the SCADA
system is used in anomaly diagnosis solutions, both types of methods can
increase deployment cost.)
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a] /) ) (Problem)

anqer K #), A i 3 S AR R AR

) s n==h AL : :
Jllt'rﬁc % Zﬁ, 3/‘] %— T T\_\L /)H\” ? (How to deploy an anomaly diagnosis
solution in large-scale PV systems solely relying on SCADA data?)
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fi 7% ( Solution )

= Z£%SCH ( Cost-effective)
= AENIIZFEE  (Adaptive to
various faults in real environment)
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il 77 % ( Solution )

= HIETNAAIE (Data preprocessing)

—— Raw Data

—— Smoothed Data Normal Strings

~
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Current (A)

Anomalous String (Hotspot)

400 600 800 1000 1200 1400 1600 1800 350
Minute

& 4 15 P RAFINRA Rt EHE A Z e’
#iE ORRKERN60DEH )

Fig.4 Comparison of 1 minute sampled raw data and 60
minute smoothed data.

FERWER 1 BURFR-HIEIR-HIEREREE ( Data cleaning — Data filtering

— Data down sampling)

Minute
5 =R NETRITAZEZNESE SN

Fig.5 Anomaly diagnosis using a statistical method for
strings in the same combiner box
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fRI T 22 ( Solution )

HaES T ( is)
. 73 Data analysis
|~ Normal Strings in CB 1 i i —— Normal String in CB 1
o ing i —— Anomalous String in CB 2

Current (A)
Current (A)
Current (A)

200 300 400 500 600 700 300 400 500 600 700 300 400 500 600
Minute Minute Minute

&6 BEffIERLETXER

Fig.6 Illustration of local and global context

EEANER 2 ANZEEESMZBARER - JUERAREES SR
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L5722 ( Solution )

12/6/2017

B E T XBUERFE 12752 ( Hierarchical context-aware anomaly diagnosis)

Potential

Combiner Box Level Anomalous

Local Daily SCADA

Context Data String Clustering Strings

PV System Level String

Clustering
Local

Global
Anomaly
Context Index (LAI)

Auto-Thresholding
Based Anomaly
Diagnosis

Anomalous
Strings Report

& 77 EW £ MRS R 2 E RiRiEE
Fig.7 Flowchart of the proposed hierarchical context-aware anomaly diagnosis approach.
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it 7% (Solution)

— B LETXHRRE 1Zt (Local context-aware anomaly diagnosis — LCAD)

)

‘ LAI Updating l

- Estimate K, Gaussian - See definition in
models Eqg.1

e Estimate number
of models — K;

B REBLTXBBEFELHESE
Fig.8 Steps in local context-aware anomaly diagnosis layer

= Eqgn.l, LAI-BEBFE R %L (Definition of Local anomaly index)

Potential

Auto-Thresholding
Based Anomaly
Diagnosis

LAI(iV ?11 f(i) é Dail}];:t(‘;ADA C%ﬁﬂig%f;il}ﬁglel AIls(g.nl;g;us
i,j ) = =
m
PV System Le\_rel String
fQ) = 1 HiwARIZE LA (if i is assgined to an anomalous model.) Clustering
0 Hith (otherwise.) Index Goag

Anomalous
Strings Report
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i 7 % (Solution)

= | CAD BELTXHREEHEZET (Local context-aware anomaly diagnosis)

—©— CB 1 with Anomalous Strings
—&— CB 2 with Normal Strings

Potential Anomalous String 2

Potential Anomalous String 1

Module String ID

9 WAFREILRFET (CBLFICB2) 32&MILAIME
Fig.9 An example: LAIs for 32 strings in two different combiner box (CB1 and
CB 2)

12/6/2017 THE 9TH PVPMC WORKSHOP

=P AREFERIRE
LCADZ# &I (Three

potential anomalous strings
identified in LCAD layer)

G =0l LI E
F— EZITBANEIEHN
SEE, B=NEMEMR -
(Potential anomalous string 3 is

actually normal, and determined in
GCAD layer)
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Hi 7 5 (Solution)

F TXHEFHFZIET-GCAD (Global context-aware anomaly diagnosis)

p
Refine anomalous string
list E1E 7 & & 5IR

« Sort centroids for each LAI cluster
ascendingly

« Group daily LAI into K, clusters R REFFRT

EAa NS » Compute second order difference sequence of
F&BLAIBDAKE sorted centroids

 Abandon PV strings with LAlIs < threshold
c BFLAMENTEIEN S

« Report the final list
 RENEALFEBIER

« Obtain the centroid for each LAI cluster

RIS 2D U BEIFEE AN ED
e REXBESRBFH /LR

« Determine a threshold

cREBE-F—NIEER

10 2RLETXEEBRZEELR
Fig.10 Steps in global context-aware anomaly diagnosis layer

Anomalous
Strings

. Combiner Box Level
Dall}];:g £ String Clustering

PV System Level String
Clustering

Auto-Thresholding oo
Based Anomaly .
Diagnosis Strings Repor

12/6/2017 THE 9TH PVPMC WORKSHOP 15

| cnm—
; Local

Anomaly
Index (LA




i 7 % (Solution)

» 2R ETXFREBXIZIET-GCAD (Global context-aware anomaly diagnosis)
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Cluster ID

11 B RINLAIRER LA
Fig.11 An illustration of identifying LAI threshold automatically
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Second Order Difference

HEXN B+ N (In
this example, threshold is 0.25)

LAME/NT-0.2580 E IA N Z LE

B, X THIRREE.
(Strings with LAIs < 0.25 are treated as
normal, reducing false alarms)
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Conclusion and Future Work =4t L5
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Conclusion & 45

R T —MEF RIS R T B
RELUIS

A cost-effective hierarchical context-aware
anomaly diagnosis approach was proposed

HFSCADAR G E HAHZ Lmazions=

Daily string-level anomaly detection using

the SCADA system

SERNRS

High detection accuracy
BB L0+ HRIER, DRINEE
300+ MWp

Deployed to 10+ real world solar farms

4. —

el
e

FHERE RN E L A RIMSEIR B I ERIGIER
B JF B SS
Validate the proposed approach using data

from multiple solar farms
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Future Work
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Thank you!
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