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LESCOPE'98

Halifax, June 1998

Visualizing Dynamic Power System

Scenarios for Data Mining

Pierre GEURTS and Louis WEHENKEL

University of Li�ege - Belgium

I. Data mining in power systems

II. Dynamic security information data bases

III. Generic visualization techniques

IV. Speci�c visualization techniques

V. Overview of software architecture

Copies of the slides can be downloaded from the Web at http://www.montefiore.ulg.ac.be/~lwh/
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I. Data mining in power systems

Data mining ?

� Aims at extracting useful (and novel) information from data bases

� Uses statistical techniques, machine learning, data base technology

� Provides interactive visualization tools to support data mining

Sources of data in power systems ?

� Field records and measurements

� Centralized data archives

� Data generated by simulations
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II. Dynamic security information data bases
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III. Generic visualization techniques

10000 etats (Total)     
 Mn=   7.0000E-4 Mx=  0.4595    
 mu=  0.2106     sd=   8.7328E-2  

6971 etats SECURE
 Mn=  0.1558     Mx=  0.4595    
 mu=  0.2537     sd=   6.5945E-2  

3029 etats INSECURE
 Mn=   7.0000E-4 Mx=  0.1548    
 mu=  0.1112     sd=   3.1814E-2  

Conditional histograms of CCT-SBS vs SECURITY

0.1 0.2 0.3 0.4
--- Cct-Sbs ---

0.0

100.

200.

300.

400.

500.
Nb.cas

A GDC 1.0 - 6/4/1998 at 14h35
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III. Generic visualization techniques (cont'd)

€ Total:1000     rho =-.88175 
   PU  mu=   1003.     sd=   166.2    
   CCT-SBS  mu=  0.2089     sd=   8.2085E-2 
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• Insecure: 302  rho =-.35708 
   PU  mu=   1176.     sd=   86.92    
   CCT-SBS  mu=  0.1154     sd=   2.8397E-2 
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° Secure: 698  rho =-.82327 
   PU  mu=   928.8     sd=   133.8    
   CCT-SBS  mu=  0.2493     sd=   6.2334E-2 

Correlation (PU,CCT-SBS) vs. SECURITY

700. 800. 900. 1000. 1100. 1200. 1300.
--- PU ---

5.e-2

0.1

0.15

0.2

0.25

0.3

0.35

0.4

CCT-SBS

B GDC 1.0 - 6/4/1998 at 14h31
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III. Generic visualization techniques (cont'd)

Scenario 7305
Scenario 3254
Scenario 209
Scenario 6352
Scenario 1732
Scenario 6438

Scenario 3306
Scenario 2265
Scenario 8773
Scenario 7818
Scenario 6776
Scenario 4797

Scenario 9248
Scenario 308
Scenario 4953
Scenario 5569
Scenario 9229
Scenario 7869

Temporal attribute OMEGA(t) of data base OMIB (18 scenarios)

0.0 0.5 1. 1.5 2. 2.5 3.

--- Time ---

0.0

500.

1000.

1500.

2000.

2500.

3000.

C GDC 1.0 - 6/4/1998 at 12h29
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III. Generic visualization techniques (cont'd)

T7 + L0 + D8

T2: 1691.0 y

T3: 746.0 y

St4: 249.0
y

68 (19)

St41: 497.0n

121 (13)

103 (29)

Delta[100] > 67.4

T126: 945.0n

St127: 470.0y

161 (10)

St209: 475.0n

200 (12)

181 (22)

Delta[150] > 59.6

147 (46)

Delta[100] > 59.2

T295: 1309.0n

T296: 829.0y

St297: 389.0y

239 (11)

St360: 440.0n

280 (13)

261 (24)

Delta[150] > 49.6

T438: 480.0n

St439: 280.0y

327 (14)

St484: 200.0
n

383 (21)

350 (33)

Delta[150] > 39.5

294 (51)

Delta[150] > 44.6

211 (88)

Delta[150] > 54.3

297 (105)
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III. Generic visualization techniques (cont'd)

Xinf

1.0 0.00.9 0.8 0.7 0.6 0.5 0.4 0.3 0.2 0.1

1.0 0.9 0.8 0.7 0.6 0.5 0.4 0.3 0.2 0.1 0.0

0.002

0.004

0.048

0.028

0.785

Qu

Omega[0.1]
Omega[0.15]

Pu 0.997

1.000
1.000Omega[0.05]

Pl
Delta[0.1]

Delta[0.15]
Delta[0.0]

Delta[0.05]
Cct-Sbs

0.995

0.999

1.000

Vinf
Vl

0.980

0.978
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III. Generic visualization techniques (cont'd)

Cluster number 2: 73 scenarios

Cluster number 12: 51 scenarios
Cluster number 15: 157 scenarios

Clustering according to temporal attribute DELTA(t) (data base OMIB)

0 250 500 750 1000 1250 1500--- Time ---

100.

200.

300.

400.
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IV. Visualization of events and attribute values

386 kV

395 kV

410 kV

396 kV

411 kV

OLTC blockedTime = 40 seconds

Region L

Region I

fault (20s)

fault (500s)

1650s

2900s

Line overload protections shown by
blue (dark) lines and tripping times

Time = 0 to 2903s

Region L

Region I

500s

2310s

1974s

1949s

20s

20s

(a) (b)

Hydro

Hydro

Hydro

Hydro

Hydro
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IV. Visualization of events and attribute values (cont'd)

280 kV

409 kV407 kV

327 kV

344 kV

OLTC blockedTime = 2230 seconds

Region L

Region I

undervolt

overspdoverspd

undervolt

overspd
199 kV

 267 kV

406 kV

300 kV

400 kV

Generator protectionsTime = 2310 to 2345 s

Region L

Region I

(d)(c)
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tripping
Line overload Undervoltage prot

∗∗
TAVELS71_TRI.PS71_2

∗
AVIGNS61_MOTT5S61_1

∗
B.TOLS71_GEN.PS71_1

∗
L.NEUS61_ZCBAUS61_1

∗
ECHALS61_RIVIES61_1

∗
L.NEUS61_VALE8S61_1

∗
BOISSS71_CHAFFS71_1

∗
BISSYS61_G.ILES61_1

∗
ORAISS61_SISTES61_1

∗
GIVORS61_ZGAROS61_1

∗
SSAUBS61_ZSAL6S61_1

∗
CHAFFS71_MIONSS71_1

∗
CHAFFS72_MIONSS71_2

∗
BOUTRS61_SSTULS61_1

∗
LAVERS61_SEPTES61_1

∗

Each step corresponds to a line tripping

0 1000. 2000 3000 sec
0

5

10

15 Step

∗∗ RABATS61_RABATS31_1∗ E.BOTS61_E.BOTS31_1∗ PALUNS61_PALUNS31_1∗ SEPTES61_SEPTES31_1∗ ROGNAS61_ROGNAS31_1∗ LAVERS61_LAVERS31_1∗ FEUILS61_FEUILS31_1∗ DARSES61_DARSES31_1∗ RASSUS61_RASSUS31_1∗ SSESTS61_SSESTS31_1∗ SSCHAS61_SSCHAS31_1∗ P.ORGS61_P.ORGS31_1∗ RQROUS61_RQROUS31_1∗ C.RHOS61_C.RHOS31_1∗ L.NEUS61_L.NEUS31_1∗ BOUDES61_BOUDES31_1∗ BOLL5S61_BOLL5S31_1∗ VIRADS61_VIRADS31_1∗ TERRAS61_TERRAS31_1∗ AVIGNS61_AVIGNS31_1∗ CTAURS61_CTAURS31_1∗ ARDOIS61_ARDOIS31_1∗ SSCESS61_SSCESS31_1∗ JONQUS61_JONQUS31_1∗ MENTOS61_MENTOS31_1∗ LINGOS61_LINGOS31_1∗ T.VICS61_T.VICS31_1∗ MOUGIS61_MOUGIS31_1∗ P.GR5S61_P.GR5S31_1∗ GRISOS61_GRISOS31_1∗ S.PONS61_S.PONS31_1∗ SISTES61_SISTES31_1∗ SSAUBS61_SSAUBS31_1∗ SSTULS61_SSTULS31_1∗ COUDOS61_COUDOS31_1∗ ESCAIS61_ESCAIS31_1∗ VINS_S61_VINS_S31_1∗ TRANSS61_TRANSS31_1∗ CPNIES61_CPNIES31_1∗ EYBENS61_EYBENS31_1∗ PARISS61_PARISS31_1∗ MOIRAS61_MOIRAS31_1∗

Steps correspond to zones of tap changers

0 1000 2000 3000 sec
0

10

20

30

40
Step

∗∗ PHENIT_1

∗
M.PONT_1

∗
M.PONT_3

∗
M.PONT_2

∗
GARD5T_4

∗

Steps correspond to generators tripped

0 1000 2000 3000 sec
0

2

4

Step

∗∗
ORAISH_2

∗
ORAISH_1

∗
SSCROH_2

∗
SSESTH_2

∗
SSESTH_1

∗
SSCROH_1

∗

Steps correspond to generators tripped

0 1000 2000 3000 sec
0

2

4

6 Step

of generators

of generatorsblocking
Tap changer Overspeed prot
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MV voltages

Tap positions

NO

Var

Rhone (rgn I)

Azur (rgn L)

Lyon (rgn I)

SO

NO

Rhone

Azur
Var

Mean tap positions of zones (ratios in pu)

0 1000 2000 sec

1

1.1

1.2

1.3

Mean MV voltage of zones (tripped loads included)

0 1000 2000 sec

0.4

0.6

0.8

1

0 1000 2000 sec

100 kV

400 kV

0 1000 2000 sec

2000 MW

3000 MW

P.Cor (I)

It

Lyon

Sp

Ge

Gramm (Be)

Boutr (L)

B.Car (L)

Sw

Be

SO

400kV voltages

Power exports

Tavel (L)
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V. Software architecture : data mining software

Data mining tool box 

....

LOAD

SUBVIEW

FUNCTIONS

SELECT

CLONE

SORT

....

SUBVIEW

LOAD

SORT FUNCTIONS

SELECT

CLONE

Decision trees

Descriptive statsGraphical tools 

 perceptrons
Multilayer

 perceptrons
Multilayer

Graphical tools Descriptive stats

Decision trees

DB
cloning

DB
cloning

Pictures
Layouts

Results
Statist.
Analys.

Pictures
Graphs

Results

EMPTY DATA MINING TOOL CLONED DATA MINING TOOL

No data
Only algorithms

Used to compile DBs with algorithms

Loads a data base view and builds clones
in parallel on different computers

May be used by different users

Fast access to up 50 million values

Contains attributes and algorithms
Compiled data bases

DB view
spec.

Scenarios
DB

Results
DB

Output of
the DB

step
generation

Data mining data base management Data mining data base management

Data mining tool box 
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Coupling of visualization tool and data mining software
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USERUSER

PHYSICAL DATA BASE

VISIONETGTDIDT

Int2Int1

GCL GCL/TK TCL/TKphysical objects physical objects

physical objects / attributes

values / physical objects

physical objects / attributes

attributes / physical objects
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