Sentor Design Project
2001/2002

Blind Source Separation of
Electrical Load Profiles

Team ECE-01
Final Report

Benjamin F. Durnall

Joseph Stallone Jr.

Melinda Mouw

Advisor: Dr. Dagmar Niebur

Drexel University
3141 Chestnut Street
Philadelphia, Pennsylvania 19104



ABSTRACT e r e h e R R R R R R R R R e R R R R st r e rens 1

|. PROBLEM DESCRIPTION ... oottt ettt ettt e e ettt e et e e st e e e st e e e saatee s e sabaeessrbaeessasbeesesssaneessrrenenas 1
[I. PRIOR STUDIES ... . oottt ettt ettt e et e s bt e s s bt e s e bt e e e s sbb e e e s sabb e e e sbbeeesbbaesessbbeessasbaesesabaneessabaneaas 2
L. METHOD OF SOLUTION ... .ottt ettt ettt st t e s st e e e s bt e e s s eab e e e s s b e e e s sbeaeesabbssessabaessesbbssesbanesssrbaneaas 3
PN DY - OTe ] (o i [0 N T RRERRT 3

1) Data COlECTION PrOCEUUIE ..ottt b et b ettt b ekt b et b et et e b et e abe et 3

2) Data COHECION TOOIS......cuiiiieiitiie ettt bttt s et e b e s b e b e s b e e bt e be et enbeneeebesbesbesbeaneaneennen 3

Bl DATA ANALYSIS 1otiiiiiiiiiitttiit i e e et eitb ettt e e st et b b e et e aessssbbbaaesasssssa b b eseeesesssasb b e aseeseessab bbb bseesesssasb b b baeesesssasbbbbaeeseessasbrebns 5

1) Data ANAIYSIS PIOCEUAUIE ......oiuiiiitieieeiee ettt bbbttt b et b e b et e bt e e et e sbesbenbe bt er e e e e e 6

2) DAt ANAIYSIS TOOIS ... .icieiiiieiiecie ettt sttt et st et e s te e ae e s e e e et e s ee st e s beeReeRe e e esbeseeabesbeareereeneenrenen 7

IV. ANALYSIS OF THE DATA COLLECTED ....oviii ittt sttt sttt srve s eat s s saaan e s s saban e 7
AV 10 o | 1 1 TR 8
AV R 10 LT o 1T TR 8
YN =0T U] 8 =f S {=(0 U 1] = o 8

B. PROTOTYPE COST (OUT-OF-POCKET EXPENSES).....utitiuiititiiisierteieiesteieieste ettt sttt sttt e 8
(OR[N0 TU Sy 12872 =10 511 =5 SO 8
VII. SOCIAL AND ENVIRONMENTAL IMPACT oottt ettt sttt s et baa e e s s sbbbrae e e 9
AV L IO @ 1)V [ 157 1 L R 9
G R = A O R 10
Y = N[ D] G TR 12
(DTN YN Y TR 12

YA = = N[ D] G = TSRS 13
TABLEL: TYPICAL APPLIANCE ENERGY CONSUMPTION. ..eiiiitttiiiieeiiiiittreiteessssiiatseessasssssssssssesessssissssssessessssssssseeess 13
TABLE 1A: APPLIANCE PROFILE FOR 101 FAIRMOUNT AVE. CASE STUDY . .cciiiiititiiieeeesiitieiieeeesssisresseesessssssssseeess 14

F N o = N[ B ] G TR 14
LABVIEW PROGRAMS. . .uutttiiieiiiiiiitirttee e e s s ieitbsteee e e et seitbbbeeeseessasatbaesseessasabtbasesaessesabbasaeeeesssasbbsaaeeseessabbrbaeesesssassnrres 14

F AN a2 = N[ B ] G TSRS 15
g Lo =T WY1 =1 0T I = 15

F N = N1 ] G R 16
TABLE 3: EXPENDITURES FOR DESIGN TEAM WITHOUT EQUIPMENT ON LOAN CONSIDERED. .......coovvvvvieneeeiiiinneennnn 16

F N o = N1 D] G TSR 16
TABLE 4. SAMPLE SCALED DATA COLLECTED 3/30/2002 OF REFRIGERATOR, FURNACE AND AGGREGATE LOADS IN
DISCRETE VOLTAGE AND CURRENT PEAK VALUES. .....oiiitttiiiie ettt ettt e st e e e s e st s abbbbae s s e s s s saatbanseaesnnans 16

F N = = N1 D] G R 17
FIG. 5: MEASURED NORMALIZED SIGNALS ......ttttiiiieiiiiiittittiessseiiabbaetsesssssisbbsstsasessiabbssssssesssassbsbasssesssasssbbasssesssains 17
FIG. 6: ESTIMATED NORMALIZED SIGNALS FROM INDEPENDENT COMPONENT ANALYSIS. .ciiiiiiriiiieeiiiiiiiieieeeeeens 17
FIG. 7: ERROR CURVES OF MEASURED SIGNALS VS. ESTIMATED SIGNALS. ..vvviiiiiiiiiiiiiiiieeeesisiiiieesseessesisressseesenns 18

F N o = N1 D] G TSR 18
STATEMENT OF DELIVERABLES ...ettiiii it iittttitt e et s e ibtbe et s e e s s e sbb b att s e s s s s sa b b e b e e e s e s s sasb bbb e e e s e s s sasbb b baasseessesabbbaaseeeesssbbbabaeesas 18

F N = = N1 D] 5 SRR 18

TEAM MEMBERS' CURRICULUM VITAE....cttttiiiieiiiiiitiiit i e e s s e ittbett s e e s s esabbasasasssssaabbaaasasesssbbbabasasesssbbbabaeesesssasbbabaeaeas 18



ABSTRACT

In the existing power system, the load is predicted as a composite entity for an entire region
that is supplied by one utility. Due to mandated deregulation of electric utilities, it will now be
advantageous that the actual composition of the load be determined to estimate consumers’ total
load usage. Separating the source load into individual appliance load profiles will allow
consumers to balance their total usage and create a homogeneous, predictable, and stable load.
To create loads of this type, it is necessary to find a method for gathering source load data and
identifying its components. Since monitoring each individual load at the local utility is not
feasible because of economic as well as privacy considerations, non-intrusive monitoring at
some common measuring point is the preferred method. However, this type of measurement is a
combination of signals that will require a source separation technique to determine the individual
load profile for each appliance. To accomplish the task of non-intrusively monitoring loads will
require a suitable data acquisition system as well as a method for signal separation.

In order to provide a compact yet robust data acquisition system, our design consists of
signal conditioning hardware and a data acquisition board with interfacing software. The signal
conditioning hardware attenuates both voltage and current signals to reduce these signals to
levels that can be accepted by an analog to digital converter. The data acquisition board captures
single-phase, instantaneous values for voltage and current and collects these points
simultaneously so that phase angle difference can be determined by a method based on zero
crossing detection. The interfacing software provides a means to store collected data to a
database for signal separation and also for computation of real and reactive power.

The principles of Independent Component Analysis (ICA) and the introduction of FastiCA,
a computational method that applies the statistical techniques of ICA, have been widely used in
many technical areas for signal source separation. Therefore, our method of signal separation
utilizes FastlICA to generate separated appliance load profiles from a residential source load at
the main service bus. By comparing our results from the FastICA algorithm to individually
acquired appliance load profiles, we attempted to determined if ICA and the current FastICA
algorithm is efficient for use in appliance load profile separation.





