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ABSTRACT

Nonintrusive load disaggregation computer program

to estimate the energy consumption of major end-uses in residential buildings
Medgar L. Marceau

The objective of this thesis is to develop a methodology and the related computer
program for the nonintrusive load disaggregation of total-household electric load into its
end-uses. The computer program estimates the energy consumption of individua_l electric
appliances in a house based on the analysis of the current measured at the house-power-
source interface using a minimum number of sensors. The program, written in the C
programming language, is based on the analysis of total-household electric current data
collected over a period of one year from a house in Montréal. The nonintrusive load
disaggregation computer program can be incorporated into an Energy Monitoring and
Management System (EMMS). An EMMS will (i) continuously monitor and quantify the
real long-term energy impact of renovations, purchases, aging appliances, and changes in
occupant behaviour, (ii) increase the home owner’s awareness of actual energy
performance, and (iii) provide helpful recommendations to the home owner for improving

the energy performance of the house.

The program estimates the contribution of selected appliances to the total energy

consumption of the house. The contribution of an appliance to the total energy

iii



consumption is called the appliance energy share. The results show that for most of the

appliances the difference between measured and estimated energy shares is less than 5%.
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CHAPTER1

INTRODUCTION

The need to conserve energy is universally recognized. The environmental consequences
of energy production and use can no longer be ignored. Competition in the newly
deregulated energy market is forcing energy utilities to offer their customers new
services. For example, some electric utilities have already modified their residential rate-
structure to reflect the time-of-day cost of producing electricity. However, the cost to the
consumer will continue its inevitable increase until it actually reflects the true cost of
energy production and use. To cope with these rising costs, home owners need to be
aware of the actual energy performance of their homes, and they need access to

appropriate advice for implementing energy conservation measures.

1.1 ENERGY CONSERVATION

Almost all houses today were built when energy was cheap and when the environmental
consequences of energy production and use were usually overlooked. They were built
before any regulations on energy efficiency were available or enforced. Consequently,
today there are many opportunities for reducing energy consumption in the residential

sector.

Renovations, aging appliances, newly installed appliances, and changes in occupant
behaviour affect the energy performance of a house. But home owners are often unaware

of how these changes will affect performance. For example, installing a more-efficient



furnace will not necessarily reduce energy bills. If the occupants stop turning down the
thermostat at night because the new furnace is cheaper to operate, their energy costs can

actually increase [Zmeureanu and Marceau, 1998].

1.2 ENERGY AUDIT

To make informed decisions about energy conservation, home owners need a detailed
picture of energy use. An energy audit is an accounting of all such uses. Although this
kind of short-term monitoring is cost-effective, it can only provide energy auditors with
information about energy performance at a specific time. Long-term monitoring, on the
other hand, is more useful because it can provide feedback to the home owner, the utility
company, and the energy auditor on energy use and changes in energy use. However,
because it requires that all end-uses be monitored for a long time, it can be expensive, and

it can inconvenience the occupants.

1.3 LOAD DISAGGREGATION

Over the past several years, researchers have developed methods of disaggregating the
total energy consumption of a house into its end-uses. Analyzing the total-household
energy consumption can provide as detailed a picture of energy use as does detailed long-

term monitoring.

Load disaggregation is a method of extracting from the total load its constituent parts. It
yields information about the energy consumption of end-uses without having to measure

the end-uses directly for long periods of time; therefore, fewer sensors are needed, and



less data is collected. Since there is less data, less analysis is required. Consequently,

monitoring, storage, and transmission costs are lower.

Load disaggregation is intrinsically nonintrusive. Compare this to the conventional and
intrusive practice of sub-metering. Using load disaggregation, building occupants are not
inconvenienced by personnel installing devices on appliances throughout the building,
and there are no visible devices that continually remind the occupants that their behaviour

is somehow being monitored.

1.4 NONINTRUSIVE LOAD DISAGGREGATION COMPUTER PROGRAM

The objective of this thesis is to develop a methodology and the related computer
program for the nonintrusive load disaggregation of total-household electric load into its
end-uses. The computer program estimates the energy consumption of individual electric
appliances in a house based on the analysis of the current measured at the house-power-

source interface using a minimum number of sensors.

The development of the program was based on data collected from a house located in
Montréal. The total electric demand of the house and of each major appliance was
obtained from measurements of electric current over a period of one year. Figure 1 shows
how variations in the demand of the individual appliances are reflected in the total-
household demand. Rules that predict which appliance causes a particular change in the
total demand were identified and organized into an algorithm. This algorithm, called the
appliance-load recognition algorithm, forms the core of the computer program. The

program is coded in the C programming language.
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Figure 1. Variations in the demand of individual appliances are reflected in the total-
household demand. From M. Marceau and R. Zmeureanu. 1998. A non-intrusive appliance
load recognition algorithm to estimate the energy performance of major end-uses in
residential buildings. Proceedings of Second European Conference on Energy Performance
and Indoor Climate in Buildings, November 1998. Lyon, France.

The computer program has two major stages: (1) the sampling mode and (2) the
evaluation mode. In the sampling mode, the operating characteristics of each appliance
are defined using measurements collected over a sampling period of several days. At least
one current sensor per appliance is required to collect the appliance current data during
the sampling mode. In the evaluation mode, the appliance-load recognition algorithm

analyzes the electric current measured from the main supply line using the previously



identified statistics of each appliance. Two current sensors are required to collect the total
current data in the evaluation mode, that is, one on each supply line. The computer
program disaggregates the total-household electricity consumption into its constituent

parts.

The nonintrusive load disaggregation computer program described in this thesis can be
integrated into be the main component of an Energy Monitoring and Management System
(EMMS). An EMMS will (i) continuously monitor and quantify the real long-term energy
impact of renovations, purchases, aging appliances, and changes in occupant behaviour,
(ii) increase the home owner’s awareness of actual energy performance, and (iii) provide
helpful recommendations to the home owner for improving the house’s energy

performance.

1.5 ORGANIZATION OF THESIS
Load disaggregation and the work done by other researches in this field is described in

Chapter 2. The methods of disaggregating electric loads are emphasized.

The data used to develop the nonintrusive load disaggregation computer program is
described in Chapter 3. The data was obtained from an energy audit of a house located in
Montréal. The audit included detailed monitoring of electricity consumption of the entire

house and of the major appliances.

The nonintrusive load disaggregation computer program is described in Chapter 4. The
core of the program is the appliance-load recognition algorithm. The program estimates

the energy consumption of the major household appliances based on short-term



measurements of the appliances and on the long-term analysis of changes in the

total-household electric demand.

The computer program is evaluated for 25 scenarios. These scenarios and the results of

the evaluation are summarized in Chapter 5.

Finally, conclusions and recommendations for further work are presented in Chapters 6

and 7.



CHAPTER 2

LITERATURE REVIEW

The scope of the literature review encompasses the broad area of load disaggregation.
Although this thesis is specifically about nonintrusive electric-load disaggregation,

investigating a broader area will show how the thesis fits into the larger context.

There are two sections to this literature review. The first section contains a summary of
the methods of load disaggregation developed by other researchers. The second section

presents the conclusions from the literature review.

2.1 LOAD DISAGGREGATION

There are several ways of classifying load disaggregation research. For example, Figure 2
shows a classification scheme based on load type and appliance signatures. The three
types are electric, gas, and hot water. The data for load research can be collected either
intrusively or nonintrusively. Researchers usually focus on either the residential sector or
the commercial sector, because each sector has load profiles that are characteristic to it.
However, all methods essentially rely on the assumption that changes in the operation of
an end-use produces recognizable and predictable changes in the total load. Sections 2.1.1

to 2.1.3 discuss each load type.
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Figure 2. Load disaggregation research classified according to load type and appliance
signature. Adapted from Hart, G.W. 1992. Nonintrusive appliance load monitoring.
Proceedings of the IEEE. Vol. 80, No. 12, pp. 1870-1891.

2.1.1 Electric loads

Electric-load disaggregation means disaggregating the total electric load into its end-uses.
The utility-building interface is the utility's electricity revenue meter. The paper by Hart
[Hart, 1992] contains an exhaustive bibliography of research in the area of nonintrusive
appliance-load monitoring up to 1992, and sections I to VI are an excellent introduction
to the topic of electric-load disaggregation. In this paper, the author advances the concept
of appliance signatures. He defines an appliance signature as a measurable parameter of
the total load that gives information about the nature or operating state of an individual

end-use in the load.



There are two classes of appliance signature: nonintrusive and intrusive. These classes
also characterize two approaches to load disaggregation. It is unfortunate that the
modifiers intrusive and nonintrusive mean different things depending on whether they
refer to a procedure or to a signature. For example, a nonintrusive signature can be
measured intrusively or nonintrusively; similarly, an intrusive signature can be measured

intrusively or nonintrusively.

“A nonintrusive signature is one that can be measured by passively observing the
operation of a load” [Hart, 1992], whereas nonintrusive monitoring means that physical
intrusions onto the energy consumer's property are minimized or eliminated. Two types

of nonintrusive signature are steady-state and transient.

Fundamental frequency signatures, such as power, current, and admittance, consist of the
complex ordered pair of an in-phase and an out-of-phase component. However, either
components alone could be used as a signature, although it would be less informative

than using both [Hart, 1992].

Steady-state signatures are derived from the differences between the steady-state
properties of an end-use’s operating states. For example, the steady-state power signature
of a baseboard heater is the power difference between its off state and its on state. Hart
identifies three advantages to using steady-state signatures: (i) They are continuously
present; therefore, high resolution data is not needed to detect their presence. (ii) They
satisfy the constraint that the sum of power changes in any end-use's cycle of state

transitions is zero. This implies that the act of an end-use turning off is also a signature.



(1ii) They are additive when two or more happen coincidentally. This means it is possible

to analyze simultaneous events when their sum is received by a processing algorithm.

Transient signatures, on the other hand, are more difficult to detect and provide less
information than steady-state signatures. However, transient signatures are worthwhile
investigating if they provide useful information to augment that from steady-state
signatures [Hart, 1992]. For example, motors have a characteristic transient signature at
start-up. Therefore, the presence of such a signature can be used to confirm that an

appliance with a motor has turned on.

An intrusive signature requires some form of active interference at the energy consumer's
property, while intrusive monitoring requires that each end-use be instrumented. Intrusive
monitoring necessitates entering the energy consumer’s premises and inconveniencing the
occupants. There are two types of intrusive signature: physical and electrical. Both types

must be generated.

Physically intrusive signatures can be generated by a small device attached to the power
cord of an appliance. Whenever the appliance is activated, the device sends a signalto a
data collector indicating the condition of the appliance's operating state. This kind of
device could also be used to distinguish between two or more appliances with the same

electrical signal.

Electrically intrusive signatures are generated at the electricity meter. It involves
"injecting a signal such as a voltage harmonic or transient at the utility interface. By

analyzing the change in the current waveform, information can be gleaned concerning

10



the types of devices active at that moment” [Hart, 1992]. This procedure is analogous to
sonar: a signal is sent out and the echo that comes back is analyzed. However, because of
concemns about interference and power quality, utilities are reluctant to allow this form of

active signature.

2.1.1.1 Four approaches to electric load disaggregation
This section summarizes four approaches to electric-load disaggregation. Each approach
can be characterized by the input required and the output produced, the method of

disaggregation, the accuracy of the results, and possible applications.

2.1.1.1.1 Nonintrusive Appliance Load Monitor

Hart [Hart, 1992] describes the development of a Nonintrusive Appliance Load Monitor
(NALM). The NALM is a physical device that an electrician installs on the electricity

meter. The outline of the NALM algorithm is shown in Figure 3.

The prototype performs steps 1 through 3 in the field and steps 4 through 8 are executed
in the lab. The commercial unit performs steps 1 through 7 in the field and step 8 is

performed in the lab.

The inputs are power and voltage. The electricity meter is the only point in the entire
building that is instrumented. Sensors in the NALM measure average power and root
mean square (RMS) voltage on each of the two legs over 1-second intervals. "Each
sensor is a digital alternating current monitor configured to calculate RMS voltage and
real and reactive power digitally based on rapid samples of current and voltage

waveforms for the two legs. The data measured is the ordered pair of real and reactive

11



power"” [Hart, 1992]. Each set of data also has an associated time value that represents the
time of the observed measurement. The inputs are used to calculate normalized power for
each leg. Normalized power is equivalent to admittance. The power is normalized to

remove the effects of varying line voltage.

The next step is to pass the data through the edge detection algorithm. It identifies the
location of step-like changes. The location is defined by the time value. The algorithm
segments the normalized power values into periods in which the power is steady and
periods in which it is changing. A steady period is defined as three or more data sampling
periods (that is, at least 3 seconds) in which the input does not vary by more than 15 W
(or 15 VAR for reactive power). The remaining periods are defined as periods of change.
The values within the steady periods are averaged, thereby minimizing the effect of
electrical noise. The difference between steady periods is the step change in power. The
time of the first value in the step change provides the time stamp. The sequence of time-
stamped step-change vectors (they are called vectors because the process of an appliance
turning on or off is analogous to a change in direction) is the output. All outputs below a
certain size threshold are discarded. The magnitude of the size threshold depends on the

power consumption of the appliances that the user wants the algorithm to identify.

Another algorithm groups the observed step changes into clusters. Ideally, each of these
clusters represents one kind of state change for one appliance. Groups of clusters are
paired to form the appliance models. Pairing clusters involves a number of tolerance
criteria for matching the centroid of each cluster. Every time-stamped signature event

corresponds to an appliance changing state. Each cluster represents an appliance. Now it

12



is simply a matter of matching signatures. The statistics are tabulated given that each state
change at every time is known. Finally, the appliances are named. The appliances are
named based on operating power level, the 120-V versus 240-V nature, and the duration
statistics.

v Analog waveforms

1. Mecasure power and voltage

I-second RMS data

2. Normalize, P, = (120/V)?+ P

I Hz Normalized real and reactive power on each leg

3. Edge detection

v List of step changes

4. Cluster analysis

Cluster of step changes
A 4

5. Build appliance modelis

On/off models or finite-state-machine models
y

6. Track behaviour in terms of models

On and off times of cach appliance

7. Tabulate statistics

Energy versus time of day, etc.

8. Appliance naming

Consumer’s name for each appliance
v

Figure 3. Nonintrusive appliance load monitor algorithm. From Hart, G.W. 1992,
Nonintrusive appliance load monitoring. Proceedings of the IEEE. Vol. 80, No. 12,
pp. 1870-1891.
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Field-testing of the prototype NALM compared the performance of the NALM with data
collected conventionally [Carmichael, 1990]. The NALM can recognize small kitchen
appliances with a high degree of accuracy (-1.4% average error) but not lights (15.3%
average error). For larger appliances the error ranged from -2.8% for washers to 46.7%
for electric ranges. The average error for total household energy consumption was -6.5%.
By 1996, seven utilities were field-testing NALMs at up to six customer sites each
[Taylor, 1996]. In one evaluation period, the difference between the NALM estimates for
monthly electricity consumption and data from direct measurement was less than 15% for
all appliances; and less than 10% for pumps and refrigerators. In addition, the NALM
also aided researchers in identifying about five faulty appliances. An important footnote
says that nearly-simultaneous events, within 2 to 3 seconds, accounted for 4% of the
events in one field test where they were carefully counted. But this will vary

considerably, depending on the appliance inventory and usage [Hart, 1992].

There are some disadvantages to this procedure. The first is the 1-second data sampling
rate. Although a slower sampling rate would result in more simultaneous events, it would
also mean lower storage, transmission, and analysis costs. Perhaps it is possible to
decrease the sampling rate without losing critical event information. The second
disadvantage concerns the data itself. Both the real and the reactive components of
current and power are used as input. Perhaps only one of these measurements are needed
to identify a significant number of events. Then there is the hardware: the NALM device
itself requires a qualified electrician to install it. The complexity of the NALM is

necessitated by the complexity of the data it has to collect. However, if only one
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parameter were needed, a simpler device would be sufficient to collect the data. Another
draw back to this approach is the huge processing requirements. The algorithm must
perform sophisticated analyses on all the data before it begins to attributing changes in
the data to specific appliances. It would be more useful, say for a home automation

system, if the data could be processed in real-time.

2.1.1.1.2 Heuristic End-Use Load Profiler

This rule-based algorithm has been developed by Quantum Consulting Inc. [Powers et al.,
1991]. The approach can be classified as nonintrusive because it is unnecessary to enter
the premises. The program disaggregates end-use load profiles from premise-level data.
Premise-level means the total-household energy consumption as measured at the
electricity meter. The algorithm rules are based on pattern recognition. The input to the
program is the premise-level load data, appliance information for standard appliances,
and customer behavioural assumptions obtained through surveys with the customer. For a
given premise-day, the algorithm scans the premise-level load and records the occurrence,
the timing, and the magnitude of all large changes. The algorithm then determines which
changes correspond to the end-use being considered and adjusts them according to
consistency checks. It also requires some information about previous and subsequent
changes at the same premise. The algorithm disaggregates one end-use at a time for each
day starting with the largest and working towards the smallest, that is, it removes the
appliance with the largest operating load from the total load, then the next largest, etc.
The output is heuristic load profiles and appliance energy consumption. A heuristic load

profile is a disaggregated end-use load profile specific to the premise, appliance and day
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being analyzed. This procedure is useful to utility managers and demand-side program

evaluators, and its advantage over sub-metering is low cost.

Results of the work are reported in [Margossian, 1994], [Powers et al., 1992], and
[Powers et al., 1991]. Forty houses were evaluated during four summer months. For large
end-uses, the procedure produces accurate results. The peak values of the disaggregated
air conditioner load profiles when averaged over all househelds for all summer days
differs from the peak of the average metered profile by less than 5%. The average air
conditioner energy consumption estimate derived from the heuristic load profiles differs
from the actual energy consumption by less than 10%. The timing of the average air

conditioner peak is also predicted very accurately.

The procedure, however, is limited to end-uses with large operating levels, such as, air
conditioners, HVAC equipment, and domestic water heaters. It is also limited to
analyzing only one day at a time. Its greatest advantage is that it can use load research

data that utilities may have already collected.

2.1.1.1.3 Individual and Automatic Diagnostics of Electrical Consumption

Another approach to monitor end-uses in houses is reported in [Lebot et. al., 1994]. The
Individual and Automatic Diagnostics of Electrical Consumption (DIACE in French)
procedure requires two visits by an electrician. During the first visit the electrician installs
metering devices and data collectors and an assistant helps the customers fill out a
questionnaire. During the second visit the electrician removes plugs and data collectors.

The metering devices contain sensors called Hall effect sensors, and they are accurate to
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wnhm two percent. The sensors measure voltage, current, and phase angle of the
electrical energy. They store the energy (Wh), the instantaneous power (W, averaged on
the last 10 ms) and the voltage measurement (V). The system can record data at 10-
minute or 15-minute intervals or at an interval greater than 15 minutes. There is no need
to use any wire to connect the system. Communication is through the electrical wiring in
the house. The researchers claim that customer behaviour is unaffected during data
collection, yet the procedure is both physically and electrically intrusive. But at least no

user intervention is required on the part of the customer.

At the time the article was written, there was not enough data collected from a 100-
household study to allow the authors to draw any significant conclusions about the
performance of the system. The article reports that a second phase of the study will be a
nonintrusive analysis of 1000 households. The data from the DIACE 100-household

survey will feed the nonintrusive survey.

Accurate end-use information is important and desirable, but it can be expensive to
collect. This system lacks the efficiency of NALMs and HELP. The data collected is
sufficient for load forecasting, but the system is very intrusive and large amounts of data
must be collected. However, because the plugs are so small, the researchers claim it is
unobtrusive. It would be useful to have a benchmark with which to compare the

performance of truly nonintrusive load disaggregation procedures.
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2.1.1.1.4 Transient load detection in commercial loads

This procedure is an extension of the NALM described in Section 2.1.1.1.1 and the
residential nonintrusive load monitor (res-NILM) described in [Norford et al., 1992]. The
researchers extended the procedure of residential nonintrusive load monitoring to
commercial loads and created the commercial non-intrusive load monitor (com-NILM)
[Norford et al., 1992] and [Norford et al., 1996]. Load disaggregation in the commercial
sector presents special challenges, because power quality is more important: especially in
terms of the operating efficiency of mechanical systems. Furthermore, some equipment
have embedded electronic components that make their steady-state power consumption
appear to be nearly purely resistive. This creates a special problem for the com-NILM
because it relies on reactive power as a component of the appliance signature: especially
because it is common to find more motors, a source of reactive power, in commercial
buildings. Classes of commercial equipment have characteristic start-up transient
signatures. These signatures reflect the physical task the load is performing, for example,
switching on a bank of fluorescent lights is different from turning on a motor. The com-
NILM uses sampling rates significantly faster than 1 Hz to record the presence of start-up
transients. Signal processing is used to analyze the transients and determine which load
has been activated. The com-NILM has also been integrated with building automation
systems to provide fault detection, such as loads that draw extremely distorted, non-
sinusoidal, input current waveforms. Laboratory testing of the prototype has shown that it

is capable of identifying electrical loads from space-conditioning equipment.
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Field-testing needs to be done to further refine and validate this procedure. The concept
of combining start-up transient identification with steady-state identification is
interesting. Whereas either procedures alone may not be accurate enough, both together

may complement each other.

2.1.2 Gas loads

Gas-load disaggregation means disaggregating the total gas load into its end-uses. In
regions that have direct gas distribution systems, the volume of gas consumed is
measured at the utility revenue meter. Sub-metering even a relatively small, statistically
representative, sample of houses can be expensive. And unlike electric loads, there is no
family of signatures for gas loads. So there are less possible methods of performing
gas-load disaggregation. Gas utilities have tried to rely on conventional means of
indirectly inferring end-use consumption based on monthly bills, the end-uses present at a
particular site, and occupant profiles. However, these methods are not accurate enough to
allow the utility to reliably forecast changes in demand due to changes in end-use or
customer profiles. So research based on electric-load disaggregation has been tried for

gas-load disaggregation.

In [Yamagami et. al., 1996], the authors present the results of research into the
disaggregation of total household gas-demand in Japan. The flow rate (in ft’ per elapsed
time) of all gas appliances in an unspecified number of houses was monitored. Twenty
pairs of gas-meters and data-loggers were installed. This represents about five to six
houses, assuming three to four gas appliances per house. The authors created, tested and

improved a disaggregation algorithm using this detailed data. Then they applied the
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procedure to 600 homes so that they could develop demand models where the gas
demand for the various gas appliances is a function of occupant demographics and

household configurations.

The authors used the disaggregated data of the 600 homes, obtained through conventional
sub-metering, to validate the demand models. Furthermore, since some homes had been
monitored for several years, the researchers were able to observe changes in demand due
to changes in appliances, family demographics, and climate. The algorithm, however, can
not consistently identify variable-rate gas appliances. The authors suggest that a look
backward capability might be able to improve identification of variable-rate gas
appliances. At the time the article was written, the authors were satisfied with the
performance of the algorithm (95% accurate). They suggest that further development will

be required to adapt their procedure to the American market place.

The authors’ observation that a look backward capability might be able to improve
identification of variable-rate gas appliances could also be applicable to electric-load

disaggregation.

2.1.3 Hot water loads

Hot water-load disaggregation means disaggregating the total hot water load into its end-
uses. Sub-metering all hot water end-uses in a home is too expensive: even to obtain a,
relatively small, statistically representative sample. Unlike electric loads, there is no
family of signatures for hot water usc. So, like gas load research, there are less possible

methods for performing hot water load disaggregation.
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In [Lowenstein et al., 1996}, the authors present the results of research in which they
disaggregate hot water use in a house and in the laundry room of an apartment building. It
must be noted, however, that the data was originally collected to study the performance of
heat-pump water heaters, not to perform load research. The data, from sixteen field test
sites, represents the flow rate in gallons per 15-seconds on the cold water feed to the hot
water tanks. By combining a pattern recognition approach and a bin analysis approach,
they are able to disaggregate the total hot water load. However, their method cannot
separate overlapping events. They conclude that it should be possible to develop a signal

recognition algorithm to disaggregate overlapping events.

In conjunction with electric load disaggregation, this method could give building

occupants a more detailed picture of their energy consumption.

2.2 CONCLUSIONS

All three areas of load disaggregation research present opportunities for further study.
However, since most household appliances in North America are electric, there is greater
potential for electric-load disaggregation in terms of load management, energy
conservation, and new technologies like building automation and intelligent buildings.
Furthermore, the volume of research devoted to electric-load disaggregation shows that
there is more interest in this type of load research. Therefore, as a result of the literature
review, the following issues have been identified as deserving of further study. They will
be considered in developing the nonintrusive load disaggregation computer program.

1. Can a load disaggregation computer program be developed without using complex

signal processing algorithms?
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. Is electric current alone a sufficient signature to identify the major appliances in a
building?

. Is there a simple and inexpensive way to measure and collect the data?

. Can transient signatures in residential appliances be detected reliably enough to
consider their signature in an appliance-load recognition algorithm?

. What is the lowest data sampling rate before too many events are missed?

. Is it possible to disaggregate a load in real-time?

. Can a look-backward approach be used to increase the accuracy of a load recognition

algorithm when an appliance event is missed?



CHAPTER3

DATA AND DATA ACQUISITION

This chapter describes the data that was used to develop the load disaggregation computer
program. The data was obtained from an energy audit of a house in Montréal. The audit
included detailed monitoring of electricity consumption of the entire house and of the
major appliances. Once the data was collected, it was manipulated so that it could be

handled easily by the computer program described in this thesis.

3.1 THE MONITORED HOUSE

3.1.1 Main characteristics

The house was built in 1947. It has two floors above ground, a ground-level garage, and a
finished basement, which contains an office, a laundry room, and a bathroom. The total
heated floor area is 158.6 m>. The house is heated by an oil-fueled central hot water
system. There are also two electric baseboard heaters, and each one is installed in a
separate room as a backup. All household appliances are electric. Four people, two adults

and two teenagers, inhabit the house.

3.1.2 Appliances
The major appliances are the domestic water heater, the stove, the two baseboard heaters,
the dishwasher, the clothes washer, and the refrigerator. These appliances consume about

85% of the total household electricity. Lights, small appliances, and the clothes drier
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consume the remaining 15%. The clothes drier was monitored, but, for unknown reasons,

the data recovered was unusable. Note that there is no air-conditioning system.

3.1.3 Wiring

Figure 4 shows schematically how the appliances are connected to the utility power
supply. The utility delivers electricity at a nominal 120 V in each of two legs. The 120-V
appliances are connected to either one of the two legs, and the 240-V appliances are

connected to both legs.

@ Utility
meter

ﬂ ﬂlZO V-Legl

E SN 9-------------- B SbE L L LD I dERE --

{120V - Leg2

e EE RS e e SR I S S
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----- et R T T EIREY -

Figure 4. Appliance wiring schematic.

3.2 MONITORING
3.2.1 Current probes
Figure 5 shows the apparatus that is used to measure electric current. It consists of an

ACR Systems SmartReader 3 electric-current and temperature logger connected to an

24



Amprobe current probe. Depending on the magnitude of the current expected, either the
AG60FL current probe or the A70FL current probe is used. The probe is clamped around
one of the wires in the building-wire pair that deliver electricity to an end-use. If it is not
possible to get access to the pair of wires, a line splitter is attached to the plug end of the
appliance’s power cord and the current probe is instead clamped around the line splitter.
The data logger records the current at a user-specified rate. Each data logger, which has
three channels, is capable of simultaneously recording current measured by three current
probes. However, in order to use the maximum available memory of the data loggers and
to minimize the data recovery frequency, only one current probe is connected to each data
logger. According to the manufacturer’s catalogue, the accuracy of the current probe is
+4%F.S. + 0.4 A, where F.S. is the full scale that the user selects on the current probe

(in this case either 25 or 100 A).

Figure 5. Clamp-on style current probe and data logger apparatus.
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3.2.2 Location of sensors

Figure 6 shows the location of the current probes. Each of the two legs supplying the
house with electricity was monitored individually. Each 120-V appliance was monitored
with one probe and data logger apparatus. A line splitter was used on the refrigerator, the
dishwasher, and the clothes washer, because it was not possible to monitor them directly
from the electricity panel. The water heater is a balanced 240-V appliance. This means
that each 120-V line draws an equal amount of current. Therefore only one probe is
needed, and the measured current can be multiplied by two to obtain the total current. The
stove and the two baseboard heaters, on the other hand, are unbalanced 240-V appliances.
So each of their 120-V lines have to be monitored individually. In total, ten current

probes and ten data loggers were used.

Baseboard Heater 1

Baseboard Heater 2

ih Electricity panel

Wall outlets —»

Clamp-on current probe

Figure 6. Location of current probes.
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3.2.3 Duration and sampling rate

The appliances were monitored for 12 months. Four sampling rates were used, each fora
different period. For example, the sampling rate from October 1996 to January 1997 was
16 seconds. The other sampling rates were 48, 32 and 8 seconds. The disaggregation

algorithm was developed based on the data sampled at 8 and 16 second intervals.

3.2.4 Constant voltage assumption

It is assumed that the voltage supplied by the utility is constant. Nominally, the voltage is
120 V in each of the two legs. Although in reality, it can fluctuate within the range of 105
to 127 V, and the rate of these fluctuations can be as fast as 30 seconds [Brockman,
1998]. No description of how voitage varies over time was found in the literature.
Utilities employ voltage taps inside transformers to provide as near-constant voltage as
possible. So for the purpose of determining energy consumption, a constant voltage is

assumed.

3.3 DaTA

3.3.1 Data collection

One data logger can store 32,767 readings. So the frequency with which the data must be
downloaded depends on the desired sampling rate. For example, when the sampling rate
is set to 16 seconds, one data logger can store six days worth of data. Once the data
logger is full, the data is downloaded to a portable computer. The software, TrendReader,
that comes with the data loggers is used to save the data as an ASCII file. TrendReader

automatically associates a date and time label to each current measurement. Spreadsheet
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software, MicroSoft Excel, is then used to manipulate and format the monitored data so

that it can be used by the computer program described in this thesis.

3.3.2 Data manipulation

The individual data files are imported into a spreadsheet. The data from each appliance
and the total-household data are aligned so that their date and time labels correspond as
close as possible. The date and time labels from the total-household file that contains the
data from leg 1 are used as the reference. The total-household, the stove and the two
baseboard heaters were measured with two current probes each. So each pair of data files
is added together. Then the demand for all data files is calculated using the relationship
P = (V « I)/1000, where P is demand in kilowatts, V is voltage in volts and I is current in
amperes. Finally, appliance demand and total-household demand are saved as individual

files. The energy consumption can be obtained by integrating the demand over time.

3.3.3 Data recovery
Three additional circumstances require that the data be manipulated before the computer
program can use it. The first two are due to the time required to download and the second

is due to synchronization.

The first two circumstances concern the time the data was downloaded. During the time it
takes to download a data logger, the logger is not storing information. So that portion of
the appliance’s operation is not being recorded. However, since it takes less than two
minutes to download a data logger, and downloading is done every six days (because the

sampling rate is 16 seconds), less than one one-hundredths of a percent of the data is
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missed. In order to recover as much data as possible, the missing portion (that which can
be reasonably judgéd as missing) is inserted between the available data. Table 1 shows an
example of missing data in downloaded files. The boxed-in areas show where missing

data was recovered.

The second circumstance has to do with larger gaps during downloading, for example,
there were instances when the data was not downloaded for seven or eight days, and the
earliest data was lost (first-in, first-out principle). So the input data is re-labeled
consecutively because of the gaps in the collected data; otherwise, the program would
make errors in calculating operating statistics. For example, if the refrigerator is on at the
end of December 11 and the next two days’ data is missing, and if the refrigerator is on
again at the beginning of December 13, then it would appear as if the refrigerator is on
continuously for more than two days. The first day of data, October 15, 1996, is
re-labeled January 1, 1996. Appendix A shows the original dates with their corresponding
new dates. Any future version of the program should be capable of handling

non-consecutive data.

The third circumstance concerns the current data for the 240-V appliances. Each 120-V
half was stored on a separate data logger. It was not foreseen that the two should be
synchronized to start recording at the same instant. The result is that when the two halves
are added together, one-off errors are sometimes created. Figure 7 shows the results of
one-off errors. The file that contains the total-household data from leg 1 is used as the
reference, and all the other files are aligned so that their time labels match as closely as

possible those of the household leg 1. The two halves of the baseboard heater file, shown
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in Figures 7d and 7e, are aligned according to the best matching times with the reference
file in Figure 7a. However this makes it appear as if the ON signal consist of two distinct
changes in demand (Figure 7f) when in fact it is only one. A similar situation occurs at
the OFF signal. In the total-household file, this kind of error may result in an event that
shows apparently two ON signals instead of just one. The solution to preventing one-off
errors in the final appliance files is to align each pair of appliance files so that the start
and end of each event lines up as close as possible (Figures 7g to 7i). The same solution
is not practical with the total-household files: There is just too much data to go through,
and it is not obvious what is causing a change in demand in the total. Sections 4.3.4 and

4.3.5 describe two preprocessing algorithms that are used to minimize this kind of error.

In order to avoid downloading time and syncronization-related problems in the future,
downloading time, both in duration and frequency, should be minimized, and all data

loggers should be synchronized so that they start recording at the same time.

3.3.4 Input data-files
After the monitoring period is over, and the data is collected and compiled, there are
seven files: one file for each appliance and one file for the total-household. The values in

each file consists of demand, in kilowatts, with an associate date and time label.
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CHAPTER 4

NONINTRUSIVE LOAD DiSAGGREGATION COMPUTER PROGRAM

The purpose of this chapter is to describe the load disaggregation computer program. The
program estimates the energy consumption of the major household appliances based on
short-term measurements of the appliances and on long-term analysis of the total-
household electric demand. It is written in the C programming language, and has four

principal components, or blocks. The blocks are described in Sections 4.2 to 4.5.

4.1 PROTOTYPE NONINTRUSIVE LOAD DISAGGREGATION COMPUTER PROGRAM
This section gives an overview of the computer program in general terms. Figure 8 shows

the outline of the computer program divided into four blocks.

The input data for the computer program was described in detail in Chapter 3: Data and
data acquisition. The input is a set of data files, which contain a series of electricity
demand values in kilowatts and their date and time labels. There is one data file for each
major household appliance and one data file for the total-household demand. The series
of demand values obtained from the total-household demand is called the rotal demand
signal. The series of demand values obtained from each appliance are called the

appliance demand signals.

The final output from the computer program is the estimated energy consumption of each
appliance. This output is summarized and presented as the estimated percentage

contribution of each appliance to the total electricity consumption of the house. These
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percentage contributions are simply referred to as energy shares. The output will be

discussed in more detail in Section 4.5.

Block 1

Block 2

Block 3

Block 4

Input data-files

!

Sample statistics

l

Preprocessors

l

Appliance-load
recognition algorithm

l

Energy consumption
calculations and output files

/
/
/
4

Data downloaded from data
loggers. Current (A)
converted to demand (kW).

Calculates appliance operating
characteristics from each
appliance file.

Filters data in total household-
demand input file.

Attributes changes in the total-
household demand to specific
appliances.

Calculates the energy
consumption of major household
appliances and saves data.

Figure 8. Four main components of load disaggregation computer program.

Each block of the computer program contains several functions. These functions perform

specific operations, such as, calculating the standard deviation of a series of values,

preprocessing the input data, or formatting data so it can be viewed easily on the screen.

But in the descriptions that follow, only the most significant functions will be described.
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In the first block the user enters the starting and ending dates of the sampling period;
then, the program calculates the sample statistics for each appliance. In the second block,
the user enters the starting and ending dates of the total demand file for which the
program is to disaggregate. This portion of the original total-household electric demand
data is first treated by a series of signal processing algorithms. These algorithms are
called preprocessors because they filter the total demand signal before appliance-load
recognition begins. The third block is the appliance-load recognition algorithm. In the
fourth block the program calculates the energy consumption of each appliance by
integrating the estimated electric demand over time. Finally, it calculates the percentage
contribution of each appliance to the total electricity consumption of the house. The

details of each of these blocks are described in the following sections.

4.2 BLOCK 1: SAMPLE STATISTICS

This block contains all the operations required in the sampling mode. The appliance-load
recognition algorithm and some of the preprocessors require the appliances’ operating
characteristic parameters in order to detect an appliance’s ON or OFF signal. These
parameters are called sample statistics. They are calculated from the appliance demand
signals. First the user chooses the period of time for which the program is to calculate
sample statistics. Then the program reads each appliance file in turn and performs the
relevant calculations. The sample statistics will be used by the preprocessors and by the

appliance load recognition algorithm.



4.2.1 Choose sampling period start and end ranges

The program displays the date and time of the first and last reading in the total demand
file. It then prompts the user to enter the starting and ending dates for which sample
statistics are to be calculated from the appliance files. For example, the user could enter
1996-01-01 00:00:01 and 1996-01-07 23:59:59 to instruct the program to create
temporary appliance files containing only the measurements that fall within these starting
and ending dates. Then the program reads each temporary file in turn and calculates the
appliance event operating statistics. An event in the appliance files is defined as a
consecutive sequence of non-zero measurements. In other words, an event is the set of
data between an appliance’s ON signal and OFF signal. The mean and standard deviation
of all the demand values during an event are calculated along with the events' average,

maximum and minimum duration.

4.2.2 Standard deviation coefficient

The user is prompted to enter a standard deviation coefficient. Then, the program
estimates the upper and lower operating range limits for each appliance using the formula
p + o @ o, where u is the mean, « is the standard deviation coefficient, and o is the
standard deviation. The implications of this procedure are discussed below in

Section 4.4.1, which declares all the assumptions necessary to run the program.

4.3 BLOCK 2: PREPROCESSORS
The second block contains the seven signal processing algorithms. These algorithms are
called signal preprocessors because they filter the total demand signal before appliance-

load recognition begins. All seven preprocessors smooth out small or erratic variation in
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the total demand signal. The first preprocessor adjusts the total signal so that it is never
less than the sum of the demands of all the monitored appliances. The second
preprocessor smooths the signal while variations are within the range of a predetermined
limit. The third preprocessor removes the effect of the data sampling rate while an
appliance is turning on. The fourth preprocessor removes the effect of the data sampling
rate while an appliance is turning off. The fifth preprocessor might well be called the
stove-load recognition algorithm because this is essentially what it does. It is placed here
because early testing of the appliance-load recognition algorithm showed that the
presence of the stove signal in the total demand resulted in a large number of events being
falsely attributed to other appliances. The sixth preprocessor removes individual
asymmetrical spikes. The seventh preprocessor removes individual symmetrical spikes.
The final filtered signal consists of distinct rectangular shapes where each increase or
decrease in demand is more likely to represent a significant ON or OFF signal. Figure 9

shows an example of the total demand signal before and aﬁei' preprocessing.
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Figure 9. Total demand signal before and after preprocessing

4.3.1 Choose evéluation start and end

The first step in the program is the selection of the period of time for which the user
wants the total demand signal disaggregated. The program displays the date, time and
value of the first and last measurement in the total demand file. The user is asked to enter
the period of time for which the signal will be disaggregated. For example, if the input
file contains measurements from January 1 to June 30, the user can enter

1996-01-01 0:00:01 and 1996-01-31 23:59:59 to get the energy consumption of each

appliance in January. The program will only consider the data in this portion of the file.
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4.3.2 Preprocessor I: adjust total with refrigerator

In Chapter 3, the issue of data recovery was discussed. In some situations, the total signal
is less than the sum of all the measured appliances. This discrepancy is noticed when the
refrigerator is the only measured appliance that is on. So this preprocessor fixes the total
signal. The program reads the refrigerator appliance file (fr_dat.prn) and the total demand
file (preinput.prn). It compares the two files with each other, and whenever the value of
the total signal is less than the value of the refrigerator signal, the difference is added to
the value of the total signal. The program then creates a new file called (inpur.prn) which

becomes the new input signal.

4.3.3 Preprocessor 2: averaging

The second preprocessor removes fluctuations in the total signal while they are within

+ 0.1 kW. Figure 10 illustrates how fluctuations are removed for a small segment of data.
The minimum value for any significant ON or OFF signal is set at 0.2 kW because this is
just slightly less than the smallest observed demand of any of the measured appliances in
this house. Variations below this level are assumed to be due to small household
appliances, lights and random variations in voltage and current. This assumption is also
supported by data assembled by Hart [Hart, 1992]. The algorithm for this preprocessor
compares every two successive demand values. If the difference is within + 0.1 kW, it
writes the first value to a temporary file. When it encounters a pair of successive values
whose difference is outside these limits, the program calculates the average of the values
in the temporary file and writes this average value for all the date and time labels of the

values in the temporary file to new file (procssdl.prn). The process of checking for
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differences in the signal outside the range of + 0.1 kW and writing the average values to
the file is repeated until the end of the file is reached. Figure 11 shows an example of the
total signal before and after averaging. The thin line is the original total demand and the

thick line is the demand after averaging with preprocessor 2.
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Figure 10. Detail of averaging preprocessor.
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Figure 11. Averaging preprocessor

4.3.4 Preprocessor 3: stepped ON signal

The third preprocessor fills in the gap left by an initial stepped increase if it is followed
by a constant demand. Because the data sampling rate is 16 seconds, an appliance’s ON
signal does not necessarily appear to occur instantaneously. For example, an appliance
may come on just before a reading is made. When the reading is made, the appliance may
be at 50% of its average operating level. At the next instant a reading is made, it may be
100% of its average operating level. The magnitude of the difference between two
demand values is the indicator for an appliance coming on. But if it is only at 50% of its
average value, it may not be detectable by the appliance-load recognition algorithm.

During early testing of the algorithm, it was found that in some situations the third
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preprocessor tended to filter out the baseboard heater's ON signal. Therefore, a checking
subroutine was added to the preprocessor. It does not allow the third preprocessor to filter
the signal if either of the pair of step increases is within the range of the baseboard heater
operating limits unless the sum of the pair is within the hot water operating limits.

Figure 12 shows two instances where each of these conditions apply.
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Figure 12. Stepped ON signal preprocessor

4.3.5 Preprocessor 4: stepped OFF signal

Sometimes an appliance’s OFF signal spans several time-steps and shows a gradual
decrease in demand. Since this kind of signal is more difficult for the appliance-load
recognition algorithm to detect than a sudden decrease, the fourth preprocessor fills in the

gap left by a terminal stepped decrease if it is preceded by a constant demand.
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4.3.6 Preprocessor 5: characteristic stove profile

Early testing of the appliance-load recognition algorithm indicated that the presence of
the stove signal in the total-household signal resulted in a large number of falsely
identified events. One of the characteristics of the stove signal is that it has a large
amplitude and a short period. In other words, the magnitude of both the amplitude and the
period varies greatly. Although this behavior is characteristic of only the stove, the stove
operating range also overlaps that of all the other appliances. Therefore, if the stove
signal is left in the total-household signal, some of the fluctuations due to the stove may
be falsely attributed to other appliances during appliance-load recognition. Therefore,
preprocessor 5 identifies, isolates and removes the estimated stove signal component of
the total-household signal. Figure 13 shows the result of this procedure. The top curve
(thin line) shows the measured total-household signal, and the middle curve (thick line)
shows the total-household signal after the estimated stove component has been removed.
The portions removed are stored in a temporary file, which will be used later in block 4 to
estimate the stove energy consumption. In order to show how accurate this preprocessor
is, Figure 13 also shows the measured stove signal (dashed line). In this case,

preprocessor 5 overestimates the actual energy consumption of the stove.
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Figure 13. Stove signal preprocessor.

4.3.7 Preprocessor 6: asymmetrical spikes

This preprocessor removes asymmetrical spikes from the total signal. Spikes in the total
demand are occasionally observed when appliances that have a reactive component to
their voltage come on. The refrigerator and the washers have reactive components to their
voltage. The asymmetry indicates the beginning of an event. These spikes may be
characteristic of these appliances. However, it is not known whether or not these spikes
always occur when the appliance comes on, because the 16-second data sampling rate is
sometimes greater than the duration of these spikes. So if the spike occurs during the
instant the data is sampled, it will be recorded. However, consider the following two
cases: In case 1, if the spike occurs between two instances when the current is sampled,
the spike will not be recorded. In case 2, if no spike occurs between two instances when

the current is sampled, again, no spike is recorded. There is no way to discern case 1 from
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case 2. Therefore, the program cannot rely on the presence of these spikes as appliance
event indicators. So, preprocessor 6 removes asymmetrical spikes by replacing the spike
value with the next value in the data stream. Figure 14 shows an example of a refrigerator
ON signal embedded in the total demand signal where the initial spike is identified and

filtered out by preprocessor 6.
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Figure 14. Asymmetrical spikes.

4.3.8 Preprocessor 7: symmetrical spikes
This preprocessor removes symmetrical spikes from the total signal. Short duration
spikes can also occur for reasons not related to the measured appliances. There are a few

reasons why these spikes exist. They may be caused by appliances that were not
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measured, random surges in the current, occupant behaviour, or some unknown reason.
Their characteristic profile consists of a relatively symmetrical spike in a relatively
constant period of demand. For example, Figure 15 shows an example of a symmetrical

spike. Unlike an asymmetrical spike, it does not occurs at the beginning or the end of an

event.
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Figure 15. Symmetrical spikes removed by preprocessor.

4.4 BLOCK 3: APPLIANCE-LOAD RECOGNITION ALGORITHM
The third block of the load disaggregation computer program contains the appliance-load
recognition algorithm. This block contains all the operations required in the evaluation

mode. Its input is the filtered signal from the preprocessors and the statistics gathered
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during the sampling mode. This section first explains the assumptions made during the

development of the algorithm; then, the details of the algorithm are described.

The algorithm basically compares each change in the total demand to each appliance
operating range. If the value of the change is within an appliance range, the change is
attributed to that appliance. A step increase in the total demand signal indicates that an
appliance has turned on. A step decrease indicates that an appliance has turned off.
Developing the basic algorithm led to the creation of a number of checking subroutines.
There are five checking subroutines that check if an ON or OFF signal has been missed or
if a consecutive pair of ON signals actually represents one single ON signal. They are

(i) the average duration check, (ii) the maximum duration checks, (iii) the zero demand

check, (iv) backtracking, and (V) the consecutive pair-of-ON signals check.

4.4.1 Assumptions

The following assumptions were made during the development of the algorithm. In each

case, the reasons for making these assumptions are explained.

4.4.1.1 Statistical range

After the original input signal has been preprocessed, the resulting output signal is free of
most anomalous fluctuations. Therefore, all the variations in the filtered signal should be
due to an appliance turning on or off. Any particular appliance has a limit to the amount
of current it draws from the main supply lines. Therefore, the variations in total electric
demand that are caused by a particular appliance should fall within a predictable range of

that appliance’s operating level. For data that is approximately normally distributed
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[Mendenhall and Sincich, 1992], 95% of the measurements will lie within two standard
deviations of their mean. Therefore, when the variation in electric demand is compared
with pu + 2 e g, as obtained for each appliance during the sampling mode, it is anticipated

that 95% of the ON and OFF signals will be recognized.

4.4.1.2 Coincident signals

The appliance load recognition algorithm assumes that there are no coincident ON or
OFF signals, that is, it assumes that there is never more than one appliance turning on or
off during the same time interval. When there are coincident signal, one or more of the
signals may not be recognized, or the combined effect of the coincident events may lead
to a falsely identified appliance event. This assumption is valid as long as the time
interval is short. The longer the time interval, the greater is the chance that there will be

coincident signals.

4.4.1.3 Washing machines

The dishwasher and the clothes washer have similar operating characteristics. So it is
difficult to distinguish between the two based on their load proﬁleé. But since they both
perform similar functions, they can be lumped together as one appliance in the appliance-
load recognition algorithm. However, this now creates the potential problem of
simuitaneous usage of these two appliances. Therefore, another assumption is that the
dishwasher and the clothes washer are never used at the same time. The data confirms

that this assumption is valid.
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4.4.1.4 OFF signal decreases total demand

A final assumption, that at first glance seems obvious, led to the development of the
average duration checking subroutine. The assumption is this: whenever there is a
decrease in the total demand, an appliance has turned off. This appliance that has just
turned off may or may not be one of the monitored appliances. If the appliance-load
recognition algorithm fails to recognize that an appliance has turned off because the
decrease in total demand does not match any appliance range, then there is a decrease in
total demand that is unaccounted for. Although it is possible that this decrease is due to a
non-monitored appliance turning off, the actions of the preprocessors make this unlikely.
Therefore, a decrease in total demand that does not match an appliance range can serve as
a flag to indicate a potentially missed event. This checking routine is discussed in detail

in Section 4.4.3.1.

4.4.2 Core of computer program: appliance-load recognition algorithm

Figure 16 is a flowchart of the principal elements of the algorithm. Each appliance event
is characterized by an ON signal, an OFF signal, and a duration. The program reads the
first set of values from the input file into the variables time, ,, date, ,, demand,_ . The
subscript n-1 means at time n minus one, in other words, the previous values. Then the
program reads the next set into the variables time,, date,, demand,. The subscript n means
ar time n, that is, the present values. These two sets of data are referred to as a successive
pair of measurements. So the program compares every successive pair of demand
measurements. The difference is the change in demand: Ad = demand, - demand, _,. There

are three possible outcomes and each will follow a different course of action. If Ad is
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positive, there is an increase in demand. If Ad is negative, there is a decrease in demand.
And if Ad is zero, there is no change in demand. When Ad is positive, the algorithm
compares the magnitude of the increase to each appliance range in an attempt to
determine which appliance has turned on. When Ad is negative, the algorithm again
compares the magnitude of the decrease to each appliance range, but now in an attempt to
determine which appliance has turned off. When there is no change in demand, the
algorithm performs the maximum duration check. At every time step, the program keeps
track of how long each appliance has been identified as being ON by incrementing a
duration counter by the magnitude of the time interval. Then the set of values are
incremented so that the newest set becomes the oldest set, that is, demand, becomes
demand, ;. The next set of values are read and they become the newest set. The program
repeats the complete loop until the end of the file is reached. The details of each course of

action and the checking subroutines are explain next.
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Figure 16. Flowchart showing the principal elements of the appliance-load recognition

algorithm.
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4.4.2.1 Increase in total demand

Figure 17 shows the details of the algorithm for the increase-in-demand condition. The
algorithm compares the magnitude of the increase to each appliance range until a match is
found. To avoid the complications that would arise if two or more appliance ranges
overlap, the algorithm compares the increase to each appliance range in the following
order: water heater (HW), baseboard heater (PL), washing machines (W), refrigerator
(FR). For example, if an increase falls within both the baseboard heater range and the
washing machines range, the increase would be attributed to the baseboard heater because
it has the higher priority. The order of priority is arranged in order of decreasing average
operating demand. When an increase is within an appliance range, that appliance is
marked as rurned ON. If the increase does not match the operating range of any appliance
(obtained during the sampling period), the increase is assumed to be caused by other
appliances and the increase is attributed to a variable called residual. Two components of
the backtracking subroutine are integrated with the increase-in-demand procedure. They

will be explained later in Section 4.4.4.

4.4.2.2 Decrease in total demand

Figure 18 shows the details of the algorithm for the decrease-in-demand condition. Just
like for the increase condition, the algorithm compares the magnitude of the decrease to
each appliance range in the same order as before, that is, HW, PL, W, and FR. When an
OFF signal matches an appliance range and the appliance is marked as ON, the appliance
is marked as turned OFF. If an OFF signal matches an appliance range but the appliance

is not marked as ON, the backtracking subroutine is initiated. This procedure is explained
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later in Section 4.4.4. If the decrease does not match any appliance range, the average
duration checking subroutine is initiated. This subroutine is explained in Section 4.4.3.1.
If the decrease can not be attributed to one of the measured appliances turning off, it is
assumed to be caused by an appliance that was not measured. In either case, the residual
is adjusted by the magnitude of the decrease in demand. Finally, if a decrease reduces the
total demand to zero, the zero demand checking subroutine is initiated. This checking

algorithm is explained in Section 4.4.3.3.

4.4.2.3 No change in total demand

Figure 19 shows the flow chart for the situation when there is no change in the total
demand. In this case, when the demand is constant, the maximum duration checking
subroutine is performed. Then the durations of all appliances that are marked as ON are

increased by the magnitude of the time step, At.
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Figure 19. Maximum duration check when there is no change in demand.

4.4.3 Duration checks
There are three duration checking subroutines. The statistics used in the duration checks

come from the statistics gathered during the sampling period.



4.4.3.1 Average duration check

The average duration check is performed every time there is a decrease in the total
demand that is not assigned to an appliance. Figure 20 shows the sequence of steps in this
subroutine. Like the increase-in-demand and decrease-in-demand subroutines, the
average duration subroutine checks the appliances in a predetermine sequence. The
sequence was initially arranged in decreasing order of the appliances’ average duration.
But during the early stages of development, it was found that the present sequence of
water heater, washing machines, baseboard heaters, and refrigerator yield the best results.
During subsequent development, it was found that the average duration check resulted in
an underestimation of energy consumption of the water heater and the refrigerator
because of erroneous and premature OFF signal recognition. So the average duration
variable was replaced with the maximum duration variable for the water heater and
refrigerator only. If an appliance is marked as ON and it has been marked as ON longer
than the average duration (or maximum duration if it is the water heater or the
refrigerator) that was observed during the sampling period, it is marked as turned OFF.
The appliance's operating-state variable and its duration counter are reset to zero, and the

backtrack enabling variable is reset to one.

4.4.3.2 Maximum duration check

When there is no change in total-household demand, the maximum duration checking
subroutine is performed. It checks the duration of each appliance that is marked as ON. If
it has been marked as ON longer than the observed maximum duration for that appliance,

then it is marked as turned OFF. The reasoning behind this is: if an OFF signal is missed,
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the next possible OFF signal will come at the end of the next event. If this happens, the
appliance would have been marked as ON for a long time. So to avoid large
overestimates of energy consumption, it is important to ensure that if an OFF signal is
missed, the appliance is marked as turned OFF as soon as possible. Then its duration

counter is reset to zero and the backtracking enabling variable is reset to one.

4.4.3.3 Zero demand check

If a decrease in total demand reduces the total demand to zero, the zero demand checking
subroutine is initiated. Figure 21 shows the outline of this subroutine. This subroutine is
necessary to prevent the possibility that an OFF signal might still be missed, even after
the two duration checks. If the total demand is zero, there can be no appliance consuming
energy. So when a step decrease reduces the total demand to zero, all appliances are
marked as OFF, the duration counters are reset to zero, and the backtrack enabling

variables are reset to one.
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Figure 21. Zero demand check.
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4.4.4 Backtracking

If an OFF signal matches an appliance range but that appliance is not marked as ON, the
program backtracks through the input file and looks for the presumably missed ON signal
using wider selection criteria. Backtracking will reposition the file position pointer in the
input file back to a time no earlier than the current time, that is, the time at which
backtracking is initiated, mmus the maximum duration of the appliance that initiated
backtracking. Only three appliances have backtracking components: the water heater, the
first baseboard heater and the refrigerator. Unlike the other checking subroutines,
backtracking is not a subroutine. Its statements are not clustered in the same block of
code. Instead, its components occur throughout the algorithm. So the sequence of the
explanation to follow is based on the sequence of events that occur when backtracking is

Initiated.

There are three criteria that must be satisfied before backtracking is initiated. The first is
that a an appliance ON signal must be missed. This occurs when the decrease in demand
matches an appliance range but that particular appliance is not marked as ON. The second
criterion is that backtracking must be allowed; that is, the appliance's backtrack enabling
variable must be equal to one. The third criterion was created to ensure that the program
does not enter a programming loop that has no logical exit: The program compares the
time that backtracking was last initiated for the appliance under consideration,
time_backtrack_initiated, to the time at the current time step, time_now. If
time_backtrack_initiated is later than time_now then backtracking is not allowed. If it is

allowed, the file position pointer in the input file is repositioned to the time that
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corresponds to the time now (the time the pointer currently points to) minus the
maximum duration of the appliance responsible for invoking backtracking. Forexample,
if a water heater ON signal is missed, the file position pointer is repositioned to
time_now - hw_max_duration. The output file position pointer is similarly repositioned
but to one time step before time_now - hw_max_duration. The operating state and the
operating duration of each appliance are read from the output file at this time step. These
values now represent the previous time step. Then the water heater’s probable operating
range is increased. For example, the standard deviation coefficient may be increased from
2 to 3 so that the program looks for a increase in the range of u + 3 ©. The program
proceeds as before. When it encounters an increase that matches the new water heater
range, it first disables backtracking to avoid an infinite loop (which would be created if
backtracking is initiated a second time while within the first loop), and then it marks the
water heater as ON. In the marking an appliance as ON sequence, a check determines
whether it is marked as ON because the ON signal matches the new appliance operating
range or the original operating range. If it is because it matches the new range, the
appliance operating range is reset to the default values and the backtrack enabling
variable is reset to one. Then, when the OFF signal that triggered backtracking is
encountered for the second time, the water heater is marked as OFF as usual. The
duration counter is reset to zero, the backtrack enabling variable is reset to one and the
backtrack-in-effect variable is reset to zero. If, however, no ON signal was found that

matches the unpaired OFF signal, when the OFF signal is encountered a second time, the
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recognition range is reset to the default range. Then the program proceeds with the

average duration checks. From this point onwards, the program proceeds as before.

4.4.5 Consecutive pair of ON signals check

This is the final checking subroutine. It performs a function similar to the third
preprocessor: the one that fills in gaps in a step increase. If the sum of two consecutive
step increase signals is within the water range and if neither of the signals are attributed to

an appliance, the water heater is marked as ON.

4.5 BLOCK 4: ENERGY CONSUMPTION CALCULATIONS

Finally, the fourth block calculates the energy consumption of each appliance by
integrating the electric demand over time. There is a lot of data output from the computer
program. For example, an evaluation period of one day results in over 80 000 individual
data. So in order to evaluate the accuracy of the program, the output data is summarized
in an output rable. Figure 22 shows the general features of the output table. Sections 4.5.1

to 4.5.6 describe the information contained within each area of the table.
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4.5.1 Energy shares

The shaded area A in Figure 21 shows the measured and the estimated energy
consumption. The subarea A, shows the sampling period and the evaluation period. The
subarea A, shows the measured and estimated cumulative demand and energy shares of
each appliance. The total estimated cumulative demand is the total measured cumulative
demand after it has been preprocessed. To get the energy consumption, multiply the

cumulative demand by the size of the time step per hour:

ti ({
energy consumption[kW - h] = cumulative demand [ kW] x mes ep[ 165 ] i

hour | 3600s/hr

The estimated energy shares are corrected with a correction factor so that they represent
energy shares based on the total measured cumulative demand not the total estimated
cumulative demand. The correction factor is the measured cumulative demand divided by

the estimated cumulative demand:

measured cumulative demand
estimated cumulative demand

correction factor =

The subarea A; shows the difference between the measured energy shares and the

estimated energy shares. The first measure of accuracy is the energy shares difference.

4.5.2 Measured operating characteristics
Area B shows the measured operating characteristics of the major appliances during the
user-selected evaluation period. This information comes from the appliance files. It is

available now for validation, but it will not be available in the final version of the
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program, because it will be the actual output sought. For each appliance, the demand
columns show mean demand and demand standard deviation, and the duration columns
show average, minimum and maximum event durations. The last column shows total

number of events for each appliance.

4.5.3 Sampling period operating characteristics
Area C shows the measured operating characteristics of the major appliances during the
user-selected sampling period. This area contains the same kinds of information as

Section B, but unlike Section B, this information will be shown in the final version.

4.5.4 Estimated operating characteristics

Area D shows the summary of the appliance events estimated by the program. Unlike
areas B and C, the mean and standard deviation are not shown, because they are known:
The program assumes that each appliance draws a constant current; therefore, once an ON
signal is detected, it assigns the appropriate appliance mean from the sample statistics as
the estimated operating demand. So the mean is equal to the assigned demand and the

standard deviation is zero.

4.5.5 Event comparison

Area E shows how many estimated events match measured events. It also shows the
number of missed and false events. This section is necessary for validation because it
shows the accuracy of the program in recognizing appliance events. If the program is one
hundred percent accurate, the start and end of each estimated event would correspond to

the start and end of each measured event. However, this is rarely the case. When an event
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is estimated, there are two conditions to consider before one can say that the estimated
event matches a measured event. These are the timing of the ON and OFF of each

estimated event.

If the ON of the estimated event corresponds to the ON of a measured event, and if the
OFF of the estimated event corresponds to the OFF of the same measured event, then the
program has correctly estimated the occurrence of that event. But what if the OFF events
do not occur at the same time? Say the estimated event is turned OFF too soon. Should
this mean that the measured event is missed? It depends on the desired use of the
program. Figures 23 to 25 show the cases representing the possible arrangements of ON
and OFF event-matching. Essentially the definition of a match is this: if an ON signal, an
OFF signal, or a matching pair of ON and OFF signals is detected, then an event match is
made. If an estimated ON or OFF signal is within five time steps (5 x 16 seconds = 80
seconds) of the actual signal, then it is considered a match. The cases in Figure 23 are
considered to be matches, because it is some information about the real event, either the
ON, the OFF or both, embedded in the total signal that contributes to the identification of
the estimated event. Figure 24 shows the cases where there are two matches. In

Figure 24a, one measured event is identified by two estimated events. In Figure 24b, two
measured events are identified by one estimated event. The cases in Figure 25 are
considered to be false events, because none of the information of the measured event

embedded in the total signal is used to identify the estimated event.
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Area E in the output table also shows the stove’s total number of measured, sampled, and
estimated events should be ignored for now. Preprocessor 5 (described in Section 4.3.6),
identifies the component of the total demand signal that is characteristic of the stove and
removes it from the total signal. However, unlike the load disaggregation algorithm,
which identifies one event at a time, preprocessor 5 identifies a group of events as one
event. So, for example, the program could estimate ten measured events correctly yet
assign them to just one estimated event; therefore, it would appear as if nine events were
missed. So to avoid misrepresentation of results, the stove’s total number of measured,
sampled, and estimated events should be ignored in the percentages that follow; however,
these statistics are still included because they are useful for coming up with future

strategies to identify the stove signal.

Another apparent discrepancy that arises will not be evident until actual results are
presented. Figure 24 shows two cases where there are two matches: Figure 24a shows
two estimated events that match one measured event, and Figure 24b shows one
estimated event that matches two measured events. These two cases are defined as
matches because they are each a combination of two simple cases: Figure 24a is a
combination of Figure 23¢ and d; and Figure 24b is a combination of Figure 23b and e.
The apparent discrepancy will arise when the users attempts to check the results by
adding the number of matched events with the number of missed events to see if they
equal the number of estimated events, or by adding the number of matched events to the
number of false events to see if they equal the number of measured events. If the cases

represented in Figures 24a or 24b occur, this checking will not work. And the total
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number of missed and false events will be off by the number of events that are matched

according to Figures 24a and 24b.

4.5.6 Cumulative demand comparison

Although event comparison is useful, the large number of rules defining a match means
that it must be done manually. Event matching that does not take into account the timing
of events is called cumulative demand matching. It is less informative than event
matching, but it has the advantage that it can done automatically, that is, it is a component

of the computer program.

Area F (Figure 22) shows the amount of matched, missed, and false cumulative estimated
demand, and Table 2 shows how the calculations are performed. Columns D and E show
the measured and estimated baseboard heater demand, respectively. Column F shows the
portion of the measured baseboard heater demand that the program correctly identified,
column G shows the portion of the measured baseboard heater demand that it missed, and
column H shows the portion of the estimated baseboard heater demand that it falsely

attributed to the baseboard heater.

Like the information in Area B, cumulative demand comparison can only be used to
validate the computer program because appliance demand will not have been measured

beyond the sampling period.
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Table 2. Comparing measured demand with estimated demand.

A B C D E F G H
Demand (kW) Compared to Mean Demand
Measured Total-Household|] Measured Estimated
Total- After Pre- Baseboard Baseboard | Estimated
Time Household  processing Heater Heater Match Missed False

22:36:33 1216 T 1216 0 0 0 0
22:36:49 1.216 1.216 0 0 0 (i}
22:37:05 1.216 1.216 0 0 0 ()
22:37:221 2.385 2.385 1.253 0 1.253 0
22:37:37 2.694 2.679 1.296 N B 1.296 0
22:37:53 2.694 2679 1296 0 1.296 0
22:38:09 2.668 2.679: 12961 1.258: 1.258 0.038 0
22:38:25 2.668 2.679E 1.2965 1.253§ 1.258 0.038 0
22:38:41 2.668 2.6791 1282 1.258 1.258 0.024 0
22:38:57 2.694 2.679! 1.282! 1.258! 1.258 0.024 0
22:39:13 8.545 8.577! 1.267! 1.258! 1.258 0.009 0
22:39:29 6.937 8.577' __ 0.843!  1.258! 1.258 0 0.415
22:39:45 6.458 5.868 0 1.258 0 1.258
22:40:01 5.868 5.868 0 1.258 0 1.258
22:40:17 6.030 6.472 0 1.258 0 1.258
22:40:33 6.458 6.472 0 0 0 0
22:40:49 6.485 6.472 0 0 0 0
22:41:05 5.868 5.882 0 0 0 0
TOTAL: 74.768 76.293 11111 11.318 7.546 3.980 4.187
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CHAPTERSS
VALIDATION OF NONINTRUSIVE LOAD DISAGGREGATION

COMPUTER PROGRAM

This chapter presents the validation of the nonintrusive load disaggregation computer
program. There are two measures of accuracy that must be considered in order to validate
the performance of the computer program: the accuracy in estimating energy
consumption and the accuracy in identifying appliance events. Both measures of accuracy
must also be considered concurrently in order to completely describe the accuracy of the
program. Since the purpose of the thesis is to develop a working prototype, computer

processing time will not be discussed.

5.1 EVALUATION PERIODS

Table 3 shows twenty-five combinations of sampling period and evaluation period that
are used to test the performance of the computer program. Each pair of sampling period
and evaluation pgriod is called a scenario. Running the program for a particular scenario

is called a run. The output from each run is documented in Appendix B.

5.2 PRESENTATION OF RESULTS

Tables 4 to 9 summarize the results from all twenty-five runs and group them by
appliance. For example, Table 4 shows the results for the water heater. The first two
columns (A and B) show the run number and the evaluation scenario. The next three

columns (C, D, and E) show the measured and estimated energy shares and their
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difference. The next three columns (F, G, and H) show the measured and estimated

energy consumption and the percentage error. The last five columns (I to M) show the

event detection statistics.

Table 3. Twenty-five scenarios for validation of computer program.

Sampie Penod Evaluation Penod
Run Start® End Number Start End Number
Number of Days of Days

1 Tue, Oct 15, 1990 Tue, Oct 135, 1996 B! “Tue, Oct 13, 1996 Tue, Oct 15, 1996 1

2 Wed, Oct 16, 1996  Wed, Oct 16, 1996 I Wed, Oct 16, 1996  Wed, Oct 16, 1996 I

3 Thuy, Oct 17,1996  Thu, Oct 17, 1996 1 Thuy, Oct 17, 1996 Thu, Oct 17, 1996 I

4 Fri, Oct 18, 1996 Fri. Oct 18, 1996 I Fri, Oct 18, 1996 Fri, Oct 18, 1996 1

3 Tue, Oct 13, 1996 Fm, Oc 18, 1996 4| luc OctIs, 1996 Fmoa 18, 199 4 |

6 Mon, Nov 25, 1996 Mon, Nov 25, 1996 1 Mon, Nov 25, 1996 Mon, Nov 25, 1996 1

7 Tue, Nov 26, 1996  Tue, Nov 26, 1996 1 Tue, Nov 26, 1996  Tue, Nov 26, 1996 1

8 Wed, Nov 27, 1996 Wed, Nov 27, 1996 1 Wed, Nov 27, 1996 Wed, Nov 27, 1996 1

9 Thu, Nov 28, 1996  Thu, Nov 28, 1996 1 Thy, Nov 28, 1996  Thu, Nov 28, 1996 1

10 Fri, Nov 29, 1996 Fri, Nov 29, 1996 1 Fri, Nov 29, 1996 Fri, Nov 29, 1996 1

11 Sat, Nov 30, 1996 Sat, Nov 30, 1996 1 Sat, Nov 30, 1996 Sat, Nov 30, 1996 1

12 ‘Mon, Nov 25, 1996 Tar, Nov 30, 1996 [ on, Nov 23, at, Nov 30,

13 Tue, Jan 7, 1997 Tue, Jan 7, 1997 1 Tue, Jan 07, 1997 Tue, Jan 07, 1997 1

14 Wed, Jan 8, 1997 Wed, Jan 8, 1997 I Wed, Jan 08, 1997 Wed, Jan 08, 1997 1

15 Thu, Jan 9, 1997 Thu, Jan 9, 1997 1 Thuy, Jan 09, 1997 Thu, Jan 09, 1997 1

16 Fri, Jan 10, 1997 Fri, Jan 10, 1997 i Fri, Jan 10, 1997 Fri, Jan 10, 1997 1

17 Sat, Jan 11, 1997 Sat, Jan 11, 1997 1 Sat, Jan 11, 1997 Sat,Jan 11, 1997 1

18 Sun, Jan 12, 1997 Sun, Jan 12, 1997 1 Sun, Jan 12, 1997 Sun, Jan 12, 1997 1

19 “Tue, Jan 7, 1997 sun, Jan 12, 1997 (3 “Tue, Jan 07, 1997 Sun, Jan 12, 1997 6

20 Tue, Nov 19, 1996 Mon, Nov 25, 1996 7 Tue, Nov 19, 1996 Mon, Nov 25, 1996 7

2] Tue, Nov 19, 1996 Mon, Nov 25, 1996 7 Tue, Nov 19, 1996 Sat, Nov 30, 1996 14
22 Tue, Nov 19, 1996 Mon, Nov 25, 1996 7 Tue, Nov 19, 1996  Mon, Dec 09, 1996 21
23 Tue, Nov 19, 1996  Mon, Nov 25, 1996 7 Tue,Nov 19, 1996 Wed, Dec 18, 1996  28°**
24 Tue, Nov 19, 1996  Mon, Nov 25, 1996 7 Tue, Nov 19, 1996 Fri, Jan 24, 1997 54=*
25 Tue, Nov 19, 1996  Mon, Nov 25, 1996 7 Tue, Oct 15, 1996 Fri, Jan 24, 1997 T2==

*T'he start 1s always 0:00:00 h and the end is always 23:59:45 h.
**Data do not contain a series of consecutive days with no interruptions.
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5.3 DISCUSSION OF RESULTS

5.3.1 One-day results

Daily results refer to the runs where the sampling period and the evaluation period are
both one day. Daily evaluation was done to fine-tune the computer program. The daily
results show how the computer program performs for a particular day, because the sample
statistics are calculated for that day and then used to disaggregate that same day’s energy
consumption. Only when the sampling period is applied to longer evaluation periods, do

we start to see how the program works for any group of days.

5.3.1.1 Sample of one-day to one-day results

Table 10 shows the results of one particular run. Both the sampling period and the
evaluation period are Friday, October 18, 1996. The difference between the measured and
the estimated energy shares is never greater than 6%. Out of 77 measured events
(11+18+0+6+42), 88% ({11+18+3+36}+77) are correctly identified, and 13%
({0+0+3+7}+77) are missed. Out of all estimated events, 24% ({1+8+8+5}+77) are false.
All of the water heater and the baseboard heater events are recognized, while 86%
(36+42) of the refrigerator events are recognized. Only 8% (1+12) of the estimated water
heater events are false. However, 31% (8+26) of the estimated baseboard heater events
are false. Twelve percent (5+41) of the estimated refrigerator events are false and 17%
(7+42) of the measured refrigerator events are missed. Half the washer events are
successfully identified (3+6) and half are missed (3+6). However, 73% (8+11) of the

estimated washer events are false.
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5.3.1.2 Individual appliance energy consumption and event recognition
5.3.1.2.1 Water heater

The differences in energy shares of one-day to one-day runs (Table 4) show that for some
runs, the program performs very well, for example run 2 on Wednesday, October 16,
1996, the difference is -0.36%. Yet on other days, for example run 11 on Saturday,
November 30, 1996, the difference is 20.03%. On average though, the difference in
percent is 4.25%. Note to that the worst day in terms of matching consumption is a
Saturday. And the worst days in terms of matching events is also a Saturday. Saturday is
a day, presumably, when the occupants are home making frequent use of the hot water.
However, on weekdays, when they are presumably away most of the day, the activation

of the water heater is mostly to make up for standby losses, which follow a regular cycle.

5.3.1.2.2 Stove

The best results for the stove occur when the program is run 2 on Wednesday, October
16, 1996 (Table 5). The difference between measured and estimated stove energy shares
is only -0.53%. And even in absolute terms, this represents justa -9.51%
({4.75-5.28}+5.28) error in energy consumption. Figure 26 shows that the program
identifies, but underestimates, most of the large stove-spikes; and that it misses
completely most of the smaller stove-spikes. Like the water heater, the worst day for
estimating the stove energy consumption is a Saturday: run 17 on January 11, 1997. The
energy shares difference is 9.54%, which is an absolute error of 149.12%
({15.94-6.40}+6.40) in energy consumption. But, let us look more closely at two of the

reasons for this large error and at their consequence.
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Figure 26. Stove demand on October 15, 1996.

Figure 27 shows the stove demand during a five-minute period on this day. This figure
highlights a very important observation: the total household signal does not always
correspond exactly to the sum of the measured appliances even when the measured
appliances are the only ones that are on. In the figure, the thin line with square markers is
the total household demand, and the thin dashed line is the measured stove demand. In
this instance, 100% of the total household demand is due to the stove because no other
monitored appliances are ON. The magnitude of the total household spikes suggests that
indeed not even any of the non-monitored appliances are ON. Yet even in this case, the
stove consumption is overestimated by 15.87%. So although the numbers may show that
the program has not performed well overall, it is clear that for particular periods, it does

perform exactly as intended.
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1.8 | [The only appliance ON during this period is the stove. The ~  |______ |
percentage difference between the measured total-household
1.6 | |cumulative-demand (67.364 Wh) and the measured stove- | ____ =~ i
cumulative-demand (58.596 Wh) is 13%, while compared to the
1.4 | lestimated stove-cumulative-demand (67.983 Wh), it is only 1%.
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Figure 27. Stove consumption on January 11, 1997.

Throughout this entire day, five hot water events are erroneously attributed to the stove.
Therefore, of the 8.288 kW-h that should have gone to the water heater, 6.534 kW-h is
erroneously attributed to the stove. Because the computer program follows an appliance
turn-on preference hierarchy when attributing portions of the total household demand
load to particular appliances, an error in recognizing one appliance can result in an error
in recognizing another appliance. For example, if the program falsely identifies a water
heater event as a stove event, the stove energy consumption is overestimated by the

magnitude of this event and the water heater is underestimated by the magnitude of this

85



event. Again, the accuracy in recognizing one appliance’s energy consumption can affect

the accuracy in recognizing other appliances’ energy consumption.

5.3.1.2.3 Baseboard heater

The best day for energy-shares matching is run 16 on Friday, January 10, 1997 (Table 6).
The difference is only 0.49%. In terms of energy consumption, this is an absolute error of
4.58% ({12.54-12.05}+12.05). The best day for matching events is run 6 on Monday,
November 25, 1996 because almost 90% (8+9) of the events are matched, only one is
missed and only one is false. The worst day for event matching is again a Saturday: run
17 on January 11 this time. The worst day for energy shares is Tuesday, November 26,
1996. The difference is 14.37%, representing an absolute error in energy consumption of
over 100% ({26.37-12.00}+12.00). Therefore, although 80% (4+5) of the events are

recognized, 82% (23+28) of all recognized events are false.

5.3.1.2.4 Washers

The energy shares difference for the washer is always less than 4% (Table 7). Yet, in
general, only about half the events are successfully matched. Furthermore, the actual
energy-consumption absolute errors can be quite large, as large as 246.22%, in fact (run 7
on Tuesday, November 26). However, because the washers’ energy shares are relatively
small, the difference in cost between measured and estimated energy consumption is

accordingly relatively small.
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5.3.1.2.5 Refrigerator

The best day for estimating energy shares and consumption is run 9 on Thursday,
November 28, 1996 (Table 8). The energy-shares difference is only -1.59% while the
energy-consumption absolute error is 1.27%. The program consistently recognizes about

65% of events and of all estimated events, 23% are generally false.

5.3.1.2.6 Summary

Results of daily runs show that the program accurately estimates the energy consumption
of the water heater, and it correctly identifies most water heater events. The program
generally overestimates baseboard heater and washer consumption, and it consistently

underestimates refrigerator consumption.

Furthermore, any particular day is not representative of all other days. The sample
statistics for a particular day may be such that the total signal can be successfully
analyzed, or they may not. Therefore, to avoid the particular anomalies of a particular
day, a longer period should be chosen. The evaluation for all days (runs 5,12,and 19)
shows that selecting a larger sampling period can minimize the effect. Compared to the
all-one-day runs, there is no conclusive difference in energy consumption. However,
there is equal and better event recognition. In other words, the longer the sampling

period, the greater the likelihood that it is representative of average conditions.

5.3.2 Multiple-days results
Multiple-days refer to the runs where the sampling period was kept constant and the

evaluation period was extended (runs 20 to 25). The sampling period, as Table 3 shows,
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is Tuesday, November 19 to Monday, November 25, 1996; and the evaluation period
starts with this same week and gradually it is extended. The difference in energy-shares,
except for the baseboard heater and one instance of the stove, is always less than 5%
(Table 4 to 9). The difference in energy-shares is always less than 10% for the baseboard
heater. The average energy-consumption absolute error for the water heater is 3.43%. The
average energy-consumption absolute error for the baseboard heater is 45.16%. The
energy-consumption absolute error for the refrigerator is consistently about 30%. The
energy-consumption absolute error for the stove and the washers is not consistent. It
varies from 3.24% to 72.09% for the stove and from 37.54% to 162.75% for the washers.
About 25% of the false refrigerator events are one minute or less in duration. Because the
refrigerator demand in relatively small compared to the other major appliances, it is

possible that smaller appliances are mistakenly identified as the refrigerator.

5.3.3 Optimum sampling-period to evaluation-period ratio

The long evaluation-period results in Tables 4 to 9 indicate that increasing the evaluation
period while the sampling period is held constant at one week has no effect on accuracy.
The significance is that one week is long enough to get a statistically representative
sample of each appliance’s operating characteristics. Of course, the data is from the
colder fall and winter months. Further research is needed to test the program under
summer conditions, that is, in the warmer months. The present results show that the ideal
sampling period is seven consecutive days. It has been shown that day-of-the-week
occupant behavior has a large effect on appliance frequency of use and hence energy

consumption.
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CHAPTER 6

CONCLUSIONS

The appliance-load disaggregation computer program described in this thesis estimates
the energy consumption of major household appliances. The following conclusions
concern the runs where the sampling period is one week and evaluation periods is from
one to several weeks. The difference in energy-shares, for all appliances except for the
baseboard heater and one instance of the stove, is always less than 5%. The difference in
energy-shares is always less than 10% for the baseboard heater. The average energy-
consumption absolute error is 3.43% for the water heater, 45.16% for the baseboard
heater, and consistently about 30% for the refrigerator. The energy-consumption absolute
error for the stove and the washers varies between less than 5% and more than 100%.
About 25% of the false refrigerator events are one minute or less in duration.
Furthermore, one week is long enough to get a statistically representative sample of each

appliance’s operating characteristics.

Finally, in meeting the stated objective of developing the methodology and related
computer program for nonintrusive load disaggregation, the following conclusions have
been drawn.

1. Electric current alone is sufficient a signature to identify the major appliances in a

house.
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. Using the combination of data loggers and current probes described in Chapter 3 is a

simple and inexpensive way to measure and collect the data. Installation can be done

in less than an hour, and it does not require an electrician.

. The preprocessing algorithms described in this chapter are based on simple

calculations. Complex equations and transformations from the field of signal

processing are not necessary.

. The look-backward approach (backtracking) is an excellent way of increasing the

accuracy of the appliance-load recognition algorithm when an appliance event is

missed.

. At the present time, the only hindrance to real-time load disaggregation is the

backtracking subroutine. If the accuracy of the program can be increased without using
backtracking, real-time load disaggregation is possible.

The algorithm is capable of disaggregation load data collected at any rate as long as it
is consistent. Further research is needed to measure the accuracy of the program at
longer sampling rates. However, the 16-second sampling rate is not fast enough to rely

on transient signatures in residential appliances as an indicator of appliance activation
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CHAPTER 7

RECOMMENDATIONS FOR FURTHER RESEARCH

The following recommendations are suggestions to other researchers interested in

furthering the goals of this research.

1.

o

(93]

The downloading time, both in duration and frequency, should be minimized, and all
data loggers should be synchronized so that they start recording at the same time to

avoid downloading time and synchronization-related problems in the future

A post-processing algorithm should be added between program blocks 3 and 4 to
further increase the accuracy of the computer program. This algorithm would analyze
the output data and remove short duration events (defined by the minimum durations
in the sampling mode) from the disaggregated output file, and add them to the

residual.

The program should be tested with data collected during the summer months to ensure

that its performance is consistent with the results obtained using winter data.

The program should also be tested with data from other houses. If any modifications to
the program are to be undertaken, it should be restructured so that the user can select
which preprocessors and which checking subroutines to implement, and the order of

appliance turn-on and turn-off sequence.
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APPENDIX A

Actual day

ue, Oct 15,
Wed, Oct 16, 1996
Thu, Oct 17, 1996
Fri, Oct 18, 1996
on, Oct
Tue, Oct 22, 1996
Wed, Oct 23, 1996
Thu, Oct 24, 1996
Fri, Oct 25, 1996
Fri, Nov 08, 1996
Sat, Nov 09, 1996
Sun, Nov 10, 1996
Mon, Nov 11, 1996
Tue, Nov 12, 1996
Wed, Nov 13, 1996
Thu, Nov 14, 1996
Fri, Nov 15, 1996
Sat, Nov 16, 1996

mn, Jan Uo,

Sat, Jan 06, 1996
Sun, Jan 07, 1996
Mon, Jan 08, 1996
Tue. Jan 09, 1996
Wed, Jan 10, 1996
Thu, Jan 11, 1996

Fri, Jan 12, 1996

Sat, Jan 13, 1996
Sun, Jan 14, 1996
Mon, Ian 1S5, 1996
Tue, Jan 16, 1996
Wed, Jan 17, 1996
Thu, Jan 18, 1996

Tue, Nov 13, 1996
Wed, Nov 20, 1996
Thu, Nov 21, 1996
Fri, Nov 22, 1996
Sat, Nov 23, 1996
Sun, Nov 24, 1996

Fri.Jan 19, 1996 | )
Sat, Jan 20, 1996
Sun, Jan 21, 1996
Mon, Jan 22, 1996
Tue, Jan 23, 1996
Wed, Jan 24, 1996

> Week 1

‘Mon. Nov 23, 1996
ue, Nov 26,
Wed, Nov 27, 1996
Thu, Nov 28, 1996
Fri, Nov 29, 1996
Sat, Nov 30, 1996

Thu, Jan 25, 1996 |

T TS, <
Sat, Jan 27, 1996
Sun, Jan 28, 1996

Mon, Jan 29, 1996

? Week 2
Tue, Jan 30, 1996

Sun, Dec U1, 1596
Mon, Dec 02, 1996

t

Tue, Dec 05, 1596 Fri. Feb 02, 1996

Wed, Dec 04, 1996
Thu, Dec 05. 1996
Fri, Dec 06, 1996
Sat, Dec 07, 1996
Sun, Dec 08, 1996
Mon, Dec 09, 1996

i
Missin;
Dec 11 and 12;

|

Tue, Dec 10, 1996 Fr, Feb 09, 1596

Wed, Dec 11, 1996
Sat. Dec 14, 1996
Sun, Dec 15, 1996
Mon, Dec 16, 1996
Tue, Dec 17, 1996
Wed, Dec 18, 1996
u, Dec 19,
Wed, Dec 25. 1996
Thu, Dec 26, 1996
Fri, Dec 27, 1996
Sat, Dec 28, 1996
Sun, Dec 29, 1996
Tue, Dec 31, 1996

Wed, Jan 51, 1596
Thu, Feb 01, 1996 _4

Sat, Feb 03, 1996
Sun, Feb 04, 1996
Mon, Feb 05, 1996
Tue, Feb 06, 1996
Wed, Feb 07, 1996
Thu, Feb 08, 1996 <

\- Week 3

Sat, Feb 10, 1996
Sun, Feb 11, 1996
Mon, Feb 12, 1996
Tue, Feb 13, 1996
Wed, Feb 14, 1996
Thu, Feb 15, 1996 »

n .

Sat, Feb 17, 1996

Sun, Feb 18, 1996
Mon, Feb 19, 1996

Tue, Feb 20, 1996
Wed, Feb 21, 1996
Thu, Feb 22, 1996

> Week 4
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ue, Jan U/,
Wed, Jan 08, 1997
Thu, Jan 09, 1997
Fri, Jan 10, 1997
Sat, Jan 11, 1997
Sun, Jan 12, 1997

Mon, Jan T3,
Tue, Jan 14, 1997

Wed, Jan 15, 1997
Thu, Jan 16, 1997

Mon. Jan 20, 1997
Tue, Jan 21, 1997

Wed, Jan 22, 1997
Thu, Jan 23, 1997

Fri, Jan 24, 1997

LEGEND TO INPUT FILES
Renamed Actual day ~ Renamed
on, Jan OI, Wed, Jan 01, 1997 Fri, Feb 23. 1996
Tue, Jan 02, 1996 Thu, Jan 02, 1997 Sat, Feb 24, 1996
Wed, Jan 03, 1996 Fri, Jan 03, 1997 Sun, Feb 25, 1996
Thu, Jan 04, 1996 Sat, Jan 04, 1997 Mon, Feb 26, 1996

ue, -
Wed, Feb 28, 1996
Thu, Feb 29, 1996
Fri. Mar 01, 1996
Sat, Mar 02, 1996
Sun, Mar 03, 1996

on, >
Tue, Mar 05, 1996
Wed, Mar 06, 1996
Thu, Mar 07, 1996
Fri, Mar 08, 1996
Sat. Mar 09, 1996
Sun. Mar 10, 1996
Mon, Mar 11, 1996
Tue, Mar 12, 1996




APPENDIX B

COMPUTER PROGRAM OUTPUT FILE: SUMMARIES FOR 25 RUNS

95



0 0 0 0 0000 000'0 L)
14 111 st LH €200 rivo ooy
0 0 0 0 0000 0000 Dysemysi(
$ 96 968 8ty $80'0 trLo Byse s3y1010)
4] 91y 41 (113 $60'0 YAl NI} proqaseg
$6 9 (414 (4 o 6£6'0 0§
£l 1413 91t 689 6LE°0 P90y BIEH I
siu3Ag Jo [T UMy afwaay ‘A1 'PIS U
‘ON (w0} (spu023s) uoyieinqy (MY) pusuiaq SOLISILVLS AVINVS
w [T W w [T [T JaK]
(v, 4R 98!S 9Ls'EvL lojsaduyy 14 1443 [4']% 8811 €200 rivo 1onRdypy
96169 6£9'97 sLI'sL saysep $ 96 968 P14 $80°0 o Lysemysiq
{744 9r'ert [TN113 Jaea} preoqaseq 0 0 0 0 0000 0000 1S S3410)D
Wil [x{ X144 uesn dA0l§ 4] 91y [4(] 61¢ ¥60'0 114 Rieaf] preoqase]
1w'is 896's8t 88 YIET Bt | ka1 $6 9 1413 9 (4 { ]} 6£6'0 J10l§
sy passiiN PPN NIHOLYIN ONVIEA t! [41% 9zl 649 6LE'0 LA Rdinid | Bedad 11
(M) puswaq] aapienum) SALLYTINNND SIUIAY JO wnwju wnwxepy L ITIYY ‘AN 'PS [T
‘ON [®10], (spuod3s) uotiemq (Mx) pusuiaqy SOLLSILVLS aIUNSVIN
§°0- 1982 08’8t pLS 6481 L W (paiswiis3) jenpisay
L " ww yo'st 610°0¢81 (parynoj)) enpisoy
1{} st 9T or 9% 9ELT 198 s 9¢°¢l £9°€l 990°168 ot'6l Tirest sopndiyay
1} [4 £ (174 4 88 99¢ €9'c- 6l's ws ILEObE LU w SIYSYM Yog
(11} (11} w 00'0 000'0 PDASEAM S0
w w w 96l rigiol saysemysia
£ rne 809 1114 e I W LT6' 1Y . . { 1DIv3j| puoqaseg
n ¢ o 8 3 e A 65'6 §9'6 esvose [t Loz'esy | 1213} pRogaseq
€l 9 144 M €50 sL'y 8Ly ¥s6'tIE 149 SELINE 310)§
0 { 14} 4} 1413 1241 [ATA €L 65°9¢ 89t 6L8°20¥T wee 978'00$Z BRIe| LM
00°001 ¥9'001 1€5°L959 w w (8ujssarand sayv) feio],
w sy s £10'9289 {indup) w10y,
os|e.d passiy paydI siuaazfjo | wntujugy  wnuixeyy  odeiaay saueys a1eyg £81u] anyg (MY) puewaq anyg (A\Y) pueiagg
$IUAAY JO ‘ON ‘ON 910, (spu03as) uopuangy Aouz v paNdIN0Y K3ug aapie|nwn)) ABsauzy afigun)
NOSIHVINOD INTAA SOLLSIL VLS INJAR QHLVINLLSH I palewisiy PAANSIN NOLLINASNOD ADYINY

9661 's1 G010 ‘an}, 0)
9661 ‘sl 13qo1Q ‘an), o)

9661 '§1 4290150 *an . Pat1a uojienteasy
9661 's 1 3290130 'any. :popay ajduieg

96



0 0 0 0 0000 0000 npQa
14 '143 958¢ 111} 9700 Liro omadugy
0 0 0 0 0000 0000 Rysemysi
0 0 0 0 0000 0000 P 401D
£l st oozt £0¢ ¥80'0 1741 e} preoqasey
0 0 0 0 0000 0000 A0S
0l Yot isiy 111 $oL'0 sis'y B ielintd | Rad
$|U3AY JO Nt Wnwxep ofuiday ‘A1 PIS [T
‘ON |e1o) (spuaas) uoneng (M) puswag SOLLSLLVLS ATdNVS
w [T [T [T wu w FET™e]
oresit 144114 yez'Lool lopadjgay {4 143 9¢8¢ 1111 9200 tro Jopsdiyay
0000 0000 0000 SBIYSEM 0 0 0 0 0000 0000 Lysemysiq
606'6¢ 928'66 o 1Y proqaseg 0 0 0 0 000'0 0000 Bysep sy0)D
0000 000°0 0000 34015 £l  14] 00Tl £0$ 800 {4l 13183} proqaseg
958 T pLELT LY Jjea] M 0 0 0 0 000’0 0000 a0l
ey passin PPN NINDLVIN (INVINRQ) ol vot sty kL6 $90 8IS BRI} BIEM
(M) puniiaq) sajlejnuiny HALLVINNND 511347 Jo wnuuey wnuxep afesany AN 'MS ueapy
‘ON (w0, (spuoaas) voping (MY) pusidq SOLLSILV.LS QNS VN
ne- Y73 et 166'83¢1 w [ (paiswipiszy) (enpisay
w w " wor £01'sr11 (pa1inajeD) jnpisay
] []] 1Y 6f 14 958¢ ¥oll "'t L6l sL6t 08s°'TTH [ 44 Lrr'9oti wopnidyjay
0 0 0 0 0 0 0 00'0 00'0 0 0000 w W sIAsem Yiog
[T w [T] 000 000'0 JIYSEA 0]
(1] [ 1] (1] 000 0000 semsil
\ 9Ll 9Ll 9Ll . yto 1240} VRN , . T 93] preogasey
¢ ! t " ” L oo |V 9L oLt weory |69 Ls'ots 1 32103} progasey
0 0 0 0 00'0 000 0 0000 000 0000 N0)§
0 0 ol [} yot iy £L6 9¢°0 1°sr (1814 0b0'LPLT Ly'sy 885" 1SLL 2104 Sl
00001 L$°001 LhT60LS L w (Bupssanong sayv) oL
(1] [T} [T} $$9°0L9¢ (induy) jerog,
as|ed PSSIN payIIN SIUAAN JO | winmjulpy  wnlgxepy 93wy SANYS onyg A1} g (A\Y) puswid(y EIT (%) putagq
$IUIAZ JO "ON ‘ON |WI0L (spuo3as) uopesngy L3y uy [LETRETTI ) A1auy aafienuIn) K31y aagenun)
NOSIHVJIINOD INHAZ SOLLSLLVLS INAAT (ELLVINLLSA NNHI pajvlisy palnsedn NOLLIWNSNOD ADMINT

9661 '91 1390130 ‘P2
9661 ‘91 13q0150 "pa

o
(]

9661 911390150 'PIAA :PON3] UOlIUNeAT
9661 ‘91 1340190 ‘popN :poldg ajduug

97



0 0 0 0 0000 0000 nia
17 9%6¥ 86t ot sto0 £iro 0je23u50y
0 0 0 0 0000 0000 Bysemysiq
0 0 0 0 000'0 0000 SHYSEM SO
61 0or {s6t 9 ro0o L A Rieap] peoqaseg
" 9N "we 68 10€°1 [1/%4 0§
ol [41% 919¢ rig 1870 16¥'y JaN3f] WM
siuaag Jo iy winuxe FITRY ‘A1 PSS e
‘ON [wiol, (spuoa3s) uojung (M) pueua SOLLSILVLS SHTINVS
w w [T] (TN w w nua
9%1°1£1 1oy stl'oLL 1010315y 14 9%6¥ ¥86¢ o $200 o Jonipjey
000°0 0000 0000 shaysem, ] 0 0 0 0000 0000 ysemysiq
£86'56! {74 411 $96'89¢ Biea}] prroqaseg 0 0 0 0 0000 0000 Y S0
0000 wein 0000 31015 61 0oy TS6¢ yi9 yi00 W'l Ry peoqaseg
WLI9L LIFIEL 66’850 Liedf] ey 3] 9l (119 68 [[] (1794 ao)§
o8y passiN Py NIHOLVIN GNVINiQ 0t 5¢ 919¢ ris 180 16V'y L] PIM
(M) pusiag 3apwpnumy HALLVINWNND $iudAg Jo wnwuyy wupxepy adusdAy A1 PIS U
‘ON [WoL (spu023s) uojming (M) puvinagy SOLLSULLVLS (RNNSVIN
9wt 6012 T 14 Y6L'8611 e w (porewiis) penpisay
w w w £9'81 yeg'0so0l (pawynoje)) [enpysay
1] 0t st 143 oot L66 00'9 1131 86'S1 1£€°106 $8'1T 98U omdngey
0 0 0 0 0 0 000 00'0 0 0000 w w SRYSEA Yog
(1 (1] w 000 0000 JYSEM SN0
(1] W w 000 0000 saysemysiq
0 Q 0 0 . 000 0 000°0 . . T 13103} proqaseg
¢ 9 61 » oL wt sr'El 95's1 e | éareze 1 32103y preogoseg
0 0 0 0 [y x4 00'0 0 000'0 (134 14/ ¥44} 301§
14 ] 8 89t 919¢ 971 006" 19°6¥ 10°0§ 1870787 19'0r 9580617 R RISH
00001 18°001 £5L's896 o LU (Suissazong sayy) peiog,
w w o 159'6£95 (induy) puio g,
)¢ pASIN PPN $uAg Jo | wmwpuny  wmupxegy  adeay sanys amys A3u7 FITH (A\Y) pusinagq FI'T (M) pueinag
$1U3A7 JO 'ON ‘ON |Ql0], (spuo3as) uonwnq £312u3 uy [IETEETTV g Kdrauy QAjlejnIuny) Kdugy FIVITTT T Y
NOSIMVINOD LNIAT SIOLLSLLVLS INIAT QRLVINLLSE fedaatd 114 pajennisy paimseapy NOILIINNSNOD ADMANT

9661 ‘L1 1990130 "uy}, 0)
9661 ‘L1 1390130 "oyt o)

9661 ‘L1 1300130 ‘ML :pouad uoyenjeas]
9661 ‘L1 129010 ‘wf], :popag sjduwg

98



0 0 0 0 0000 000'0 8
w 114 t6Le £LIt £00 41 4] sopnipjy
0 0 0 0 0000 000'0 usemyniq
9 96 968 i8¢ 2800 yeL'o Ry 54101)
H] 00r 4143 s o §6T'1 1D} proqAeg
[4] 9 ornt 19 1H $09°1 34015
i 9tt ([l 09 LIg0 vy kit L Bl 1.1
SIU3A3 JO wintupygy T T ey ‘A1 'PIS [T
‘ON (W0}, (s5puod3s) uojiemqy (M) puswidqg SOLLSLLVLS HTdNYS
eu ('] [ ]} ({1} {11 w .—om_ﬂ—
sho'és 96L°00¢ 6(8'1L6 10le13811)5y [44 "s ({713 (Y41 £200 £€tro iowdyey
665501 vl we'Ls ShYseM 9 96 968 8¢ $80'0 PEL'D Hysemysia
885651 008°1§T 956685 $1e3} proqaseqg 0 0 0 0 0000 0000 Ry S0
0000 sof'cL 0000 9A0I§ 8l ooy e LS o s6t't Rway| pmoqaseg
98I's8 9oLt LsT's061 121e3){ DM 14} 9 ot 19 124} Yo'y LLUDS
ey passiN PPRIN NIHOLVIN ONVINEQ 1] 9¢t (411} 879 LIgo £ory ot | a1
(AN puswiagt oapeun) HALLVINWND 514243 Jo whl W FiMIYY ‘AN 'P'S e
ON(w0L (spuodas) uopesng (M) pusuq SOULSILYLS ARUNSVAN
]
A 2% sL8t Ly'sl L8roie w w (parmwyisg) jenpsay
w w w el 91989 (parnajuD) fenpisay
$ L 9 14 9 Tt ri6 §0's uie i #88°0£01 (11414 $65°TLT sopsdpgey
'] £ t " [4% 088 £8¢ o8'l- 9%'t 86't TZRYY) " w SIRYSEM Ylog)
i w “w 000 000'0 1{sEA SH0)D)
W w L ne 9210°s0! ysemysi
0 0 0 0 . 000 0 0000 , , T Piedf| pioqaseqy
s 0 " o & sel o5t %'t 9E's1 £r'st osere | gsvive 1 121031} peogaseq
0 0 0 0 ts'l 000 0 0000 141 SO8°¢CL dolg
! 0 1] 4} 802 1411} 1111 o1 6L°0F $6°0¥ £hr0661 69'6¢ £96'LT61 R sompm
00'001 L¥'001 S6hos8y jwu " (upssasod sayy) wiog,
Bl e o L6S'LS8Y (nduy) oy,
ey passiN paydIel SIUIAT] JO | winuniggy  winiyxepy  9desoay saieys aleyg £Ssauy aIwys (MY) prreunq I (MY) puvwaq
$IU3AT JO 'ON ‘ON 910, (spuod3s) uopeingg K313 v PO £3sg AN IMING A81au3 apspnun)
NOSINVJIINOD INAAY SOLLSILVLS INSAM QILLVINLLSH Ll 4 pargtunsiy painseap NOLLIWNASNOD ADMIN:

9661 ‘81 13G010 ‘4 o}
9661 ‘81 4390190 ‘114 ol

9661 ‘81 199010 ‘124 :pop3( uojeneAs]
9661 ‘81 1310120 ‘114 :popsag dydures

99



0 0 0 0 000'0 0000 Ruag
19! 96 o€ N ¥20'0 Pivo 1010131412y
0 0 0 0 0000 000'0 ysemysiq
‘ " 96 968 Lor $80°0 6tL'0 RSEM SO
19 st 00%L s o 134 hieajf preoqasey
st 9N "s 14 981" 1310 sA0i§
14 roe 4114 $8L reo 98r'y fdinid | Bucdad
$IU9AY JO Wity [T [ ITTY, A1 'PIS uedly
‘ON (etoL (spuoaas) uopng {mx) puswaq SOLLSLLV.LS FTINVS
[ [} "w ww w w w nug
yereLy 113 2414 sLe'vLse 13y 9 96y $86¢ (0] yZo'o o ooy
oS sLE'6t sSr'Lot shasem i 9 968 Lor 8800 6cL'0 Nysemysiq
0r0'6LE1 1 11%443 120°Tr02 e progaseg 0 0 0 0 000'0 000'0 JTTA S0D
oLT'$s€ (11 4113 £r0'927 A0S 19 114 00TL e o 1374 Rieap| peoqaseq
STL'L6M 9L9'T9¢ L20'8016 Jajeaj| e 8l 9l vhs » 981°1 s8l’l aAoig
asjey PassiN PPN | NIDDLVIN ONVINEQ 14 ot iy $8L vit'o 98re Nlvagy M
(M) pwiuiag aafisjnuny FJALLYIONND $1UaA7 jo WUy wnwpxe aduiaay 'A3q PIS v
‘ON |wi0} (spu0d3s) uoiiuing (MA) puvuing SOLLSILVLS AIUNSYIN
s 18l 16'%! 95¢'BEC s L (parerupisyy) [enpisay
et " w §$°07 11599 (paisinoie)) jenpysay
14 1 9l ol 9 yi6t 6¥0! sy iwin il 009' LoV It 018°0£08 wundujey
67 $ 9 st 4% 968 S0§ 9l Ls'e 65't WssI8 L ww SIETM Yiog
i w " 00’0 [17) 1)) S SM0)D)
w . w 160 018907 nysemysyg
0t 43 yoLz 969 . o' 144 orE6rs . . T iwaj] preoqaseg
6 § 6 o P e ey [MT 952t 5921 weuse (Y sLevoLL | 131ea)| progaseg
9 9l 95rt (1144 Lo 12X 95T €IE18s 11 X4 41 4173 a0l
| £ o 1 80 L (X{) 89 or'oy o £5L°60901 wiy £0L'0LY6 NI PILM
00°001 69001 £8Lse8ty o o (3uissasong Jayy) miog,
w o e 1T6'66912 (1ndup) w01,
ofjeq passiN PAPICN swaAg jo | umutjupy  winugxupy  93esoay saelg oleyg Adoug T (MY) pueunq amys (M) puswaq
S1UaAY JO ‘'ON ‘ON [Wi0L, (spuodas) uopiemq K31aug uy paILo) A81au7 asjleuny £duy Afiejnun)
NOSIHVJINOD INTAT SOLLSILVLS INTAH QILVINLLSA AR palsiuis pansealy NOLLJWNSNOD ADY:NT

9661 ‘81 129010 ‘1 o
9661 ‘81 420130 ‘Nt o

9661 '§1 1990190 'anL :polidg uojn(eAy
9661 ‘S1 1390130 *an. :podg ajdiueg

100



0 0 0 [ 000'0 000'0 »pq
o Us 14114 SLT Y70'0 0¥'0 sopsiyyey
0 0 (] 0 000'0 0000 Jaysemifsiq
0 0 0 0 000'0 0000 1TeA 53410))
6 96 967 001 $60'0 yr'y Je3p preoqaseyg
£l 9l 299 (1] ({TX4 $88'¢ sA0lg
£l N4y 8961 £€9 0S€'0 96 210} DM
SIAY .-o wnuyuiy wnuxey omu.g< ‘A1 ‘MS wepn
‘ON w01 (spuodas) wopengy (M) puewingg SOLLSLLYLS F1JNVS
('] w w L {1 [ {1] [ {] .-otﬁ
$EL°601 lol'sts 196'T2L 0850y or us 14147 sLl y20'0 f0r'o Jopiafugay
000'0 000'0 0000 e 0 0 0 0 000'0 000'0 Jysemysiq
99l 1o'ete 8LO'9SY Riva prroqaseg 0 0 0 0 000'0 000'0 Lysep s340))
296'CL 186'10¥ 996'9¢ aAolg 6 9% 9L6T Y001 $60'0 vor' Nwai| puogaseq
t'Les ars'tiL L R dY]] bt | B ol 9N W iy rLL {11Y anoly
Ay passiy PaIRgy NIHOLVIN ONVI:IQ) Ll 0t el LY 05t'0 Ry Btavie | Rednd .Y
(MY) prwusaq aapiegnuin) AALLV'IONND 51U3Ag Jo Wi unuixey aduaay A1 PIS Ry
"ON ju101, (spuo3s) uohesqy (M) prewingy SOILSILVLS AAYNSVAN
or'al- 6L'TE e 8K LK6) w [ (parewupis)) (enpysoy
w w L 6t'0C 9cT's61 1 (pawymje)) pnpisay
’ 6\ 1 13 i 9Lt [ ore wn 1 $69'2¢8 (1444 290’101 sopadiay
0 0 0 0 0 0 0 00'0 000 0 0000 w w ssysem Yog
o v w 000 0000 HYSEA S0
' w W 00'0 0000 %B.EQ
{ 1] 41 14411 . ol i 199'98 . ) T 1213} progoseg
t ! s 8 o8y 08zl 88 o %8 806 wozes (OO 660089 { 1210341 pmoqoseg
1 3001 2001 8001 19's 9l 68’1 0£6'011 6rL 1173 11 noig
t 4 It u ozt 0002 173 65T 16'or ({214 105'62¥C 0ee LOE'ONTT LR Y
00'001 fetol E8Y'6E65 ] w {Buissacoly sayy) oy
w ._. w 659'198§ (indup) wioy,
EIT passiN payaep SUAAT JO [ wnwiulpy  winwxey  aluiaay sanyg amyg £31auy FITTT (M) preusdq) areyg (MY) puswdq
SIUIAT JO ‘ON ‘ON juioL (spuosas) uopmng K3saug vy pa1an0) Ky AAjeguuny K3nug aApepnwn
NOSIVIWNO0I INSAH SOLLSLLV.LS AINTAT QELLVINLLSA AuRYq pajewsisy pamswap NOLLIWNSNOD ADY:INT

9661 ‘ST 19QUIAON ‘vop o)
0661 'ST 19GUIAON ‘o 0)

9661 *ST 1DGUIGAON ‘UOJY :POJIJ UONEN|EAZ]
9661 ‘ST 12WIAON ‘UOpy :pondy djdweg

101



0 0 0 0 0000 0000 nuq
144 2%V 0r6¢ oSt 9200 90b0 sopsaduyoy
0 0 0 0 0000 0000 RyseAysiq
S 9% 968 18¢ o SIL'0 RYsEM sayo))
S 9%6¢ 99t oLIT 1Zro £Le’l Rieay poqaseg
[4] 9 14111 £9y €8t £50'¢ Aol§
£l Y0t 9LsT £001 1670 Ley NI WM
SIAY .—o wnupyg E::.-x-z om-o>< ‘A ‘s uedp
‘ON (v0L (spuodas) uojieinqy (M) puewiag SOLLSLLVLS A'1dNVS
Qu w w ww w w niq
€IL'09 96L¢8% 989'909 jo1e13))04 44 9%6¥ (17414 9 900 90¥'0 loudyyay
6Y8'867 sle98 0000 SIYsEM, S 96 968 I8¢ o StLo Rysemysia
sLe'oLS! Les'cry 115% 114 I3 preoqasegg 0 0 0 0 0000 0000 RYSEM S3Y0D)
14 TN ¥59'€59 SOL'SOr 9A0i§ S 96¥ ¥99¢ oL 1Yo £Lel N3y pieoqaseg
L¥0'66 siL'e6l 8E5°L9EE D i | B 4] 9 1441 (V] (¥ 1] £s0't aolg
g passiiy PRI NIHOLVIN NVINEQ £l Yot 91§t £001 [{14] LLE'Y bdnid | Bl 1
(M) pumiuagy oAty JALLVINNND $iudsg Jo Wiy wnwixep aqenaay A pIS uedy
‘ON Jei0], (spuodas) vojieingy (M¥) purwagy SOLISILV.LS QUNSVIN
oo 201 Hn 065't98 LU w (parewiyisig) jenpisay
L w L i $86'688 (pore|nojeD) jenpisay
9 8l 114 67 b4 reoe 196 18’9 90'6 1's 60¥'LoL L8'sl unree Josdiyay
1] s 0 1] 14 968 Los we £'c (1'3% 68'867 w " SIYsEM Yiog
w w L 00'0 0000 DYseM sy
L ww L 1N} 8i€'98 ysemysiq
L 9 888l 61¢ . 66't (1124 6£911E | . T 1aleap pieoqaseq
t 0 ' T « e o6 (LY R 05t sy (20U e e s o]
X4 9 1141} 08l L] 143 1e°s 74 x414 ¥9'el 9t°6501 0)§
0 0 1] 1] ot 9Lst SL6 144} or'ey £y $85°990E w'sy 9sT'L9SE NI 12
00001 5'001 tl'gosL  (w w (Rujssasosd sayv) jeiog,
ey w o SLSL9LL (indug) juioy
BT PISIN PaYyIINN 81022 )0 | umuuggy  wnuyxepy  9denay sa1eYS aog Adug anys (Mx) pusuiaqg dueys (M) pueuiaqq
$1uaAg Jo 'oN ‘ON |eloL (spuoaas) uonenqy Adnuy vy paiaun) &31ug ERNTTTONTT Y Adug aAfiejnUnD
NOSTHVJAINOD INTAT SOLLSILVIS INFAT QILVINILSY RuaIdg paleuiisy paInsedpy NOLLIWNSNOD ADMINY

0661 '97 19quI2A0N ‘on}
9661 ‘97 19quAON ‘any,

[}
o)

9661 '9Z J5QUIBAON ‘on, (poLIag uojien[eas)
0661 ‘97 22qA0N ‘anf :pouad sjdug

102



0 0 o 0 0000 000°0 By
rw sty wure 9501 Lo £0K0 sopdyyay
9 9 1143 ] oo 00L'0 Saysemysi()
0 0 0 o 0000 000'0 1yseM S30)D)
’ ¥29 4[4 224} $6£°0 9¥E'l 13} preogaseg
0 0 0 0 0000 000'0 ar0)g
ol 1413 8019 0591 [144] 98L'Y DY LM
S)UdA jO gy wmunxegy oan.o>< ‘AX]'MS neXN
‘ON (W0), (5pu03s) wojengy (M) pusuiaq) SOLISILVAS HIINVS
U ww w L {0} [{T] L} niq
Larest £18'90¢ 0Ey'Yos8 10y " Wy uw 950! Lo £0¥'0 sopniypy
860'¢7 L60'vy 0000 SIYSUM 0 (] 0 0 000°0 0000 saysemysy
0719 1sT6lIT 995°L0C 1apwap) prrogaseg 9 9 143 891 rL0'0 00L'0 BYSEM S0
0000 0000 0000 araig J (14] 4134 9zt 680 e’ 1aay| progaseq
olg'yy 695992 ovg6sTy 121t DM 0 (1} (1} 0 0000 0000 aaoig
sy passiN PP | NIHDLVIN GNVINIQ) o e 8029 0591 L1441 98ty ki | B 11
?’xv puriua P»_-_:E:U JALLYINWND 1AY Jo LT T umuhxep ouEg< ‘Ag 'MS uedp
‘ON (w100 (spu023s) uopeinq (MY) puvuing SOLLSILY.LS AIUNSYAN
00 el W 1sTU6 w [ (1) penpisay
w L w wu sBrI6 (PoIgmajeD) (enpisay
] n 3 " 9 113 166 9Nt 121 syt Lieezon 1591 £0C°EL I wopniyjay
| 9 0 { 143 14 1143 670 o £e'0 260'€C7 w w SRYSA Yoy
w L0 w 0 L60'YY 12ysEM, S3410)D)
w L1 w 00'0 0000 .-!qn!':.na
9 e ror 66 " oL'o oLo sig'ey ) . T 1am3y) preoqaseg
0z ! £ Ll ) o0rr S 055" 180! 80l sstoce |99 sy 1 23103} poqaseg
0 0 0 0 00’0 00’0 0 000'0 000 0000 aa0ig
0 | 6 6 (413 1244 311} y0'c 1809 90'19 059'¥IEY 16'€9 60v'9LSY R pRM
00°001 000! 06otolL  eu s {Bujssasoy 1y) teio),
e w w 1112802 (indup) mioy,
ELILE] passiN paydegy $1UdA3 Jo umuiy  wnwxep une-o...< sauys LN »m.ocm— TN ;axv puswidq eyg Aaxv pueindq ~
$1U3AT Jo 'ON ‘ON {ei0g, (spu03as) uojeng) &fug u) padaLo) A31u73 AN Ay JapEuInD
NOSIMVINOD INJAT SOLLSLLV.LS INAAT QR LVINLLSE U] parutiiszy painseay NOLLIWASNOD ADYANT

9661 ‘LT 1:)war0N ‘Poy o
9661 ‘LT $qwA0N ‘pam [

0661 ‘L7 19GUIDAON 'PaA\ (POID| UOHIEN|VAT
9661 ‘LT 13qU3AON ‘PO ipohiag 3jdueg

103



0 0 0 0 0000 0000 »PQa
14 96r s0re 6l y20'0 for'o Jojedyjey
0 0 0 0 000'0 000'0 RysEMysi()
0 0 0 0 0000 0000 RsEM S0
£l "s or29l (X474 or'o 9Lel IR proqasey
" 9l Yol 131} 981°7 8087 sA0lg
4] et 960 47 9820 €9ty BRI DM
§juaAg Jo umiuipy vy aJwany ‘A1 'PIS [T
‘ON oL (spuodas) uokiwing {Mx) pueuaqy SOLLSLLVLS FTdNVS
(T T [T [T [N [T q
124 ¥1114 68C'HHC 086998 Jowdngy 144 96¥ 80be 6111 ¥t0'0 £0r'o wpnriypy
0000 0000 0000 SRy 0 0 0 0 000'0 000°0 Bigsaysia
tstétot 615606 691'v081 Ly preogaseq 0 0 0 0 000'0 0000 Jaysup sapog)
(14114 91T't0s s61°8bl M0l €l "s 0rZ91 (X474 oo 9Le’l R proqaseq
69Y' L3y ¥y'L96 ST0'8Trl vk | R 24 9 yoL 111 981 8087 A0l
L] PAsIN PIYIEN NIHDLVIN UNVINAQ 4] 413 9602 [4{Y) 9820 £9E°Y Jajeajy oM
(MY) preusaq aaprenwny FJALLVINNND fiu3ag jo g wnwpxep oduiasy ‘A PIS L) |
‘ON jei0) (spuosas) uonwing (M) puewag SOLLSILVLS GTUNSVIN
16'¢- $9°0¢ 6L'0¢ Y60'enLT LU LU (palews)isy) (enpisay
“w w w (/814 'otel (PawynajeD) jenpisay
L Ll 9 €€ 9l 80v¢ ¥6tl 65') 1021 Lzl vos'riot 09l 69¢° 1121 wopsniugy
0 0 0 0 0 0 0 00'0 000 0 0000 w LU SIysTA Yog
"W (11 w 000 000°0 DA 24104
W ] [T 00'0 000'0 RyseMysKl
1 [41 ¥06! " . 114 9L YL X , T hivag) progqaseg)
o 0 s oz 0 e wn [OF i 550 wosmiz |7V B69°cILL | 13100}) pmogareg
9 143 147} sor €0'c 14 oty 68¥'c8e 1L 1Hr'is9 0g
0 4 8 L] 8t 9607 88 60'S o'z (3 14 Lor's16l 6897 T9¥'96£T R B
00'001 Lv'ool S0E°0S68  [wu w (Buissadong 12yv) riog
L s ke $81°8068 (induy) priog,
oseq passiiN Py SIWAAY Jo | wntuipy  winwxepy  o8wsaay sasys asys £31uy aneyg (MX) pueiuag FYTT (A1) pusag
$)U3AY Jo ‘ON ‘ON [uio], (spuoaas) uopsangg Adnug u) paano) K81uy ety K1 aAapvhwn)
NOSIHVANG.) INTAT SOLLSLLYLS INTJAHT AALVINILLSY AL paetutisiy pamseapy NOLLIWNSNOD ADYANY

9661 ‘8T 19quA0N ‘Iyj] o)
9661 ‘8T 19qUIIAON 't | o

9661 ‘8T 13qQIIIAON ‘ny| ‘pouad uojenjeAs]
9661 ‘ST 12qWIAON ‘Myf, :poudg ajdueg

104



] 0 0 0 0000 0000 I
] (173 988 st 920'0 or'e PTTe TR
0 0 0 0 0000 0000 1sEMYSI)
9 % 968 e 1o L0 BISEM SHY\01)
8¢ (11 9191 s 6810 811 131ea]) progaseg
(4] 9 828 91 o't 006'S anaig
] 114 1£001 sest s81'0 6EE°Y B} RIM
sjuaA3 jo E__:__EZ :.:E-xaz on-o>< .>oa .—:m N
‘ON (voL (spuoas) uojieing (M) puewaqy SOILSILVLS FIdNVS
 {1] | {T] | 1] W w W 0|
1Ho'oLl 16228 65089 sopadpyay 1] s 888¢ s 920'0 000 sordygoy
651'8zl T Y] tstos KRS 9 9% 968 8¢ "o wL'o saysemysi(
980°L0F 689°0LT 89'08¢) 1310341 preoqaseg 0 0 0 () 0000 0000 124SEA S10])
0000 Ty 0000 an0yg 13 vor 9191 (11 6810 'T14] 13)e3)) progasegy
9L0'00¥ 199'8£9 AN 741 1216241 M (] 9 143 ]| orv'l 006's 9A0)§
ey passi pagaeiy | NIHDLVIX GNVINiHQ 1] 114 Lol 1411 [T1K) ({4 BRI PN
(M) puwiuag aaiwnwny HALLVINWND $1843 Jo wnuugN Wy dBeany AX1PIS ueapy
‘oN 0L, (spu0d3s) wopeing) (M%) preuing SOLLSLLVLS GAUNSYAN
wn- Wiz T3 £56'0L07 T w (pomusyisiy) (enpjsay
w w L] ]| e (pore)d)uD) jenpisay
£l 91 [13 or i T 177 99'¢ 168 %8 1L0'098 s 066'90Z1 0pdu)y
9 t ’ ol {3 968 o6y nr e 44 96NIT " w SIASEM Yrog
W (11 w 000 0000 IS 50D
" w w $0°1 LErion ysemys|
1 1] o8y Yot - 8o 8b'o LLLoy . . T 13} preogaseg
§ ¢ it 8 o otst 209 e £0'3! sl gt [0FL £Leissl { 32103} preogasegy
0 0 0 0 "wi 00’0 0 0000 "wi yeecnL an0I§
1 9 9 L ot 91001 68%T 6Lt 68y wer 89L'¥TLY 1wis £6£'£96Y LT Y
00001 29001 8LY'BS96 w L (Bujssasong 1yy) (w0l
w " " 652'6656 (induy) fuiog,
L —vonzz so_.u_az SIWAAY ..o E__E_____Z E:.Exuz om§u>< sanys g »n.usm_ ays ;C_v puenidqy o._-..m b’xv pusw(]
$)U3A3 Jo 'ON ‘ON uIo], {spuodas) uopeingy &31u3p uy paaun) Kdiug AN £310u3) SAlIsUWNYD
NOSIMVJNOD INTFAT SHLSILVLS INFAT QALVINLLSE i |J14] pawwisy pamseapy NOLLIWNSNOD ADYANA

9661 *
9661

67 19GIWAAON ‘11 0)
6T 1GUIIAON *1;) ]

9661 ‘6T 19qUIA0N ‘i :pojiag tofienjeAz)
0661 ‘6T 12WIAON ‘|1 :popag sjdweg

105



0 0 0 0 0000 0000 »Lua
9% 9%6¥ 2oy sl £20'0 80V0 wdpgy
or 9 969 (1114 1800 9ML'0 Jaysemysiy
0 0 0 0 0000 0000 BYSEA saf)
01 Yor 9Ltl "9 o 907\ )R} pleoqaseg
it 9l U 0t (1]} X4 "e'y 3A0}§
sl 98t 8219 ri9l ¥91°0 Lov'y 13183}] RIEM
51u2Ag JO wnwnE wnipxepy aduay AN PIS e
‘ON o0, (spu0das) uojIng (M) puswing SOILSILYIS TWINVS
T w [T} (TN w [T FETTy]
$99°'00t 1114244 196°968 oadugay 9 96y Yooy sev! £t0'o 8040 orRiiyey
we'L6 [1t4114 £08'651 staysem, 0 0 0 0 0000 000’0 Rysemysia
620'086 90¥'8E1 9L0'6LE ey pwoqaseg oy 9 959 (1114 1800 9NL'0 RYSEA S3Y10))
060'T $08°L611 980°161 0i§ 0f or 9Lel 9 irt'o 9Tl R progassy
087 668 £hi'869¢ 9'952¢ BHI| DM 4y N 9l o 0yt ’oe'v 3\0ig
L] passiiy PaYIny NIHOLVIN (INVTQ 1 9€e [14}) [IL]] 9o Lov'y Bieag) PEM
(AN powiaq aagiejnun) HALYINWND 51U3Ag JO winuuipy wnuxe afesany ‘A1 'PIS ]
‘ON (w101 (spu0das) uojeancy (MY) puewag SOLLSILVLS QTUNSVIN
[ 31 1r'os {5’08 seTeoL w w (parewysy) fenpisay
"w LU LU 9% [YAN Y44 (patejnoje)) jenpisay
L U 24 It one oor Ziet 60'T vt WL ({24111} 0§'6 regozel soudyoy
9 9 14} 0 i 1143 114 98°0 "wi 132 6¥9'LST w w SRASEM Yrog
w “w w oLt o'sLe lysem 30
w w W 000 0000 eI
9 9L ot 60L " 0t 187 LeLote R R 1 Rap| proqaieg
€ ¢ L " ) oel s ol " Ble ueses  |"E wriy { 19103y preoqureg
L 9l (41 1] 9% 8t'l 6t't sLr'eét 66'6 16g'aRel 30§
0 L s $ 1413 819 9881 £0'01 wet 06'67 12033114 sL6y L3L'P169 BRI 1M
00'001 19°001 9sK'e86t! w w (Bugssasasg sayy) (nioy,
ey " ' 161°006£ 1 (induy) mog,
aseq PSS [LUTETUT SIuaAg jo | wnwpngy Wiy 03wty [EITT g A0y ateyg (A\Y) puewag aYg (M) puetwaq
$)uaag Jo ‘oN ‘ON [810], (spuoaas) uopmng A3nug vy panano) Adnuyg ALY A3uy SAjIUMLNY)
NOSIHVANOD LNTAY SOLLSILV.LS INHAT QALVILLSH AR paleuisy PIamseap NOLLJWNSNOD ADYHNA

9661 *0€ 12qIWIA0N ‘1S
9661 ‘0F 130N ‘18

0
0)

0661 ‘0€ 13QUIZAON *18G :poldd vopen|ea]
9661 '0F JAHWIA0N ‘Ieg :popsy sjduies

106



0 0 0 0 000'0 0000 Lug
1124 96b 12474 ozl §200 S0¥'0 oty
9 9N 959 ({114 180°0 riL'o hsemysia
i 96 968 8t 6Z1'0 €iLo 1ysEA 410D
9L oy 09l 1111 0s€'0 0t} 1isap] proqaseg
€6 91 1413} S61 3144 LsLe A0l
r 887 1£001 91t Lgto LLEY I I
SIAY JO Wy Wik xep Y A1 PIS uep
‘ON (w01 (spuodas) uopeing (M) pusia(p SOLLSILVLS TTINYVS
w [T [T W . TN 0nuq
10’96 Ln'e1e6t €68°975Y lojesadyoy 1174 96¥ 12414 otzl s200 so¥'o lojesadyay
111§ 141 695’167 se6'vll AN " 96 968 113 621’0 firo sysemysiq
9L0°008S 1141 124 0se'c6sy 1213} proqasey 9 9l 959 114 1800 "o RYsEM SAPOYD
te'ole Ll 9€8°08L 0I5 9 ror 0¥291 et 0s€'0 o'l hjeaty progaseg
$L9°608L 965 8129 810°'56¢81 o | o1 6 9 [47]] $61 (L4 Lst'e ol
osjeq PIssIN PN | NIHOLVIN ONYINAQ 1} 114 18001 9Nl LETo L'y g viat L B 11}
(M) puewiaq aAnejnwn) FJALLVINKND §1u3Ag Jo WUy wnuxep aJuny "A3(] 'PIS ueIp
‘ON (e, (spu0a3s) uojmng (M) pusutaqy SOLLSILYLS AINSVIW
060 rrsi '8l Ay ] w wu (pawwifis) jenpisoy
w w " yo'Ll Ls9'8186 {paienjuD) jenpisay
43 10t 44} €61 9 0yor vt re st'ot re'ol $96'06¥S wrl oro'9reL sondyyey
124 |14 6 4} 4] 968 18r o 14 6Tl 0l8'989 w L ST yrog
w L w 6L'0 6116y BYsEM say0))
w sy . $£°0 ss¥'L8l laysemysi()
9 9l 4114 (114 " 6'¢ Vo't 8rzeot . , T Rivaf] proqaseg
nu 6 u s 9 e coL %Y ¥'s £9's! seoors | 0C! 1991889 1 3102} prvogaseg
14 9 el 061 $6'S 907 e LrL'ten 108 141 %4144 34015
9 U 9 ¥ zu (741 0¥l i’y 6r'sy LLsy €69'h06ST  (WE'9Y ro'cione RINY] aM
00'001 Ls'001 woETEs o w (Bujssasong 1Y) nio),
w eu o 6L6°811€5 (indu) ysiog,
osjeq PASIN PN siwAg jo | whunuiy wnuwigxepy  9Swaay saryg aneyg £diaug a1uis (M) pueiuaqq s (MY) pusiaq
$juaAg Jo 'oN *ON |¥10], {spuoaas) uopengy Kdrnuy vy paidauo)) A3nuy ERVITTHTT Y Ky ERV)LTHT Y
NOSIYVANOD INTAY SOILSILVLS INAAT (EILVINLLSH ekttt LA | pateuilisiy pamseIy NOLLINNSNOD ADYANY

9661 ‘0 13quIaAoN ‘leg
9661 '0¢ 19quaroN ‘iug

o)
0}

0661 *ST 13QUIGAON ‘O (PONIJ Uolen|RAY
9661 ‘ST 19GIUANON ‘Uojy :pouay ajduieg

107



0 0 0 0 0000 0000 Nl
14 H41Y 86t 6501 yto'o tivo lopipgoy
0 0 0 0 0000 0000 ysemysiq
0 0 0 0 0000 000'0 RYsYM 401D
9 "s 08z 144 €se'o el LIl pmoqaseg
ol n 1144 L 1$9°0 186'C 0i§
1] 1413 9eLY [1x4] 1£2°0 (1141 Rt | Bt o
SiuaAg Jo wnuy wnwyxegg 1T ‘A1 'PIS ey
‘ON (0], (5pu0d3s) uoneing (M) puswnq SOLLSILVLS F1JNYS
({1} [ 1] [ {1} L (1] [ {1} " .—OE
e 131D 14441/ ] [T TTET 114 1413 (1713 6501 y20'0 £r'o wopsafyyoy
0000 0000 0000 SIaysEM 0 0 0 0 0000 0000 nRysemysq
9'tos awuLry $90'566 RIY preoqaseq 0 0 0 0 0000 0000 Bysem 130D
000'0 11, ¥114 0000 Aol 9l "ws (114 (144 £€$eo 141y Riea}] proqateg
00L'681 SSL8T £61°08L¢ R Risp ol 9 114/ L 159°0 186 01§
sy passiN PN NIHOLVYIN ONVINTQ 1 (413 9ELY [134) 1£Lo iry Ridf] em
.B.: pusila(] aapimpnuny HALLYINNND $iuaAg jo iy wnwxey adenany ‘A 'PIS weIN
'ON (w10L (spuo2as) uojeing (MY) pueitagy SILSILVLS ANUNSVAN
0€1- ra (11944 LS9'8561 w . (pareiipisy) qenpisay
w LU w (INT4 sor'Lest (paminoju)) jenpisay
’ tl 1% Le {3 ¥86¢ 8501 |18s°2 95"l 1911 $99'0101 el 9080t wpdpjay
0 0 0 0 0 0 0 000 000 0 0000 w w siaysem yog
w (1] w 00'0 0000 RYSEM SHP0(D)
" L ('] [ (1] 00’0 0000 %’-—aﬁﬁ-
04 [4% 889 9ty . 06'¢ {6t et , , T DRI pwoqaseg
€ ! " I¢ 9 ol sis |0 wol 6191 gsiont [679! Pre 6091 1 133} poqaseg
0 0 0 0 108°T 000 0 0000 08 0oLt SA0IS
4 0 " 1] 41} oty €601 132 I 'y 19°¢y £68'696¢€ (781 1$6'808¢ R Riey,
00001 £p'001 "ewnis w " (Bupssarosg yv) (mo),
w W w 6V v0L8 (indug) yetoy,
sy PSSl papIeRy WA JO | wnupy  wniugxepy  adesdny sauRYyS anys Aiaug amys (M) pusiagy FITITS (M) pusunq
$1U3AY JO 'ON ‘ON (W0}, (spuoaas) uopeing] K3sauzp vy paidavo) Kd1auy AN £31uy EINTETTT T Y
NOSIHVANOD INJAH SOLLSLLVLS ANJAT QI LVINLLSH AN pawitisy pamsedy NOLLIWNSNOD ADYINH

L1661 "0 Kienueg ‘an | o)
1661 ‘L0 Kienugg fang 0}

L661 L0 K1enuef *ang :poua] uopienjeas]
L661 *L0 Kienuer ‘any pold( djdueg

108



0 [} 0 0 000'0 000'0 0
9 89¢ 800¢ seot $20'0 £iro sopsdiyoy
0 0 0 0 000'0 000'0 nysemisiq
9 % 968 18¢ 001'0 o RASUA S3Y10)D)
st e 909 0981 9L0'0 LIT Al 12103} proqaseq
y 9l (74 ue 1L8'0 6L 2401
rl {13 20§ 88zl $LT0 0or'y DI 12M
SIUdAY) .—o E:..::_z :.:E_n-z on-.u.»( ‘\NQq ‘PIs eIy
‘oN (w0} (spuoaas) uoning (MY) puswaq SOLLSLLYLS FTdNVS
{ {1} ({1} w [ ]T] W u uu‘_n
SHe'6 128'L6€ £eLies Jojuapoy o 89¢ 800 sE0t $T0'0 fivo weduyy
Letn LLy'os 986'Ts slaysep, 9 9 968 18¢ 001'0 [14X] Jysemysia
Uess SoroLyl 1He'sr sa1e3}| preoqaseq) 0 0 0 0 0000 0000 BYSEA S34101)
1v8°0t 16L'08 $00'0F 840IS st 1413 909 0981 9L0'0 91 133} piroqaseg
soL' 1€y 9£0'19¢ 6LE'690Y el | i1 v N (20 [4]4 180 6Lt A0i§
ey passi P NIHOLVIN ONVINI( 4] st rtos Tl SLto or'y L TRELY
A.sxv puuia() o>_-._=E=U JALLYINONND S$IUdNY JO wnuupy uniuxupy ou-.u>< ‘A 'PIS N
‘ON [vI0L, (spu023s) uogieing (M) puewiagy SILISILVLS AFUNSYIN
66'81- T30 80's¢ 6L8'685¢ ey [ (paimwps3) penpjsay
w L e 06's1 L9§'LT94 (Pareynoje)) fenpsay
7] {3 13 %3 800¢ 96 Ny 9%y 198 816188 ([1F4] 114 34d] L))y
£ £ " {3 L 413 650 09'( 19’1l (U] w w SIYSEM Yog
w [ 1] u 000 0000 RISEM no..-c_U
Ll v w 101 fiv'eol RYsesysil
1 " 8 ' . r0'0 Y'o o't . . T 121e3) | preoqaseg)
s s ot ] el 86 W 89 w9 wrgee TP AETN 1 123 preagaseg]
| rop Yoy o $9'0 050 05’0 9¥8'05 N LYIN ] 2A0I§
{ €t € 419 0§ 1111 143} 9Ly 8Ly L80°106¥ stey SIVoLos 2] 1AM,
0000t 5001 ¥s0'06201  {eu L] (Jugssasoig sayy) o)
) w L w 1Z8'€6201 (indug) ety
ney pIssiN PaPIR $IAAY JO EsE_:_Z winwyxely oqu>< saeys A”YS h&.u:.n_ ALY ;axv puswa(g EITN ;axv puswa(
$IU3AY JO ‘ON ‘'ON (¢l0L (spuosas) uonesng A31ug u) paidaL) Kdrugy saflenuwnD Adsuy 2A)lw[nwnY
NOSINVINOD INTAT SOUSILVLS INJAT GILLVIWILST P pasuwsi pamsea NOLLIWNSNOD ADYINT

L661 ‘80 Kunuer ‘pag o
L661 80 Kunuef ‘posy o

1661 ‘80 unueg ‘payy popdy uojienjvaz]
L1661 ‘80 Ssunvep ‘papy ipoudy ajdwug

109



0 0 0 0 0000 0000 Buq
or 144 516 14| £20'0 rvo sopndyoy
0 0 0 0 0000 0000 nisenysiq
0 0 0 0 0000 0000 BysEM S340)D)
9 124 11413 oLt 6L0'0 ({14] 1ajeag] preoqsegd
8 8 9L (14 1160 (Y4 %4 3A01§
i (114 969 (4] 6780 9Er'y L] vk
siuaAg Jo nusuy gy wnuixey ofesony AN 'PIS uvapy
‘ON 18101 (spuodas) uopiuing) (M%) puniag SOILSLLVLS HIdNVS
[ {I] [ ['] [ {1] [{1] [ {7} [ ') .—U:A—
610°¢s (8919 e JLICTE TR o 414 1411 1114 £200 riv'o opdyy
0000 0000 0000 siaysey 0 0 0 0 0000 000°0 Lysemysiq
698'60% Te's98 S0L'¥SS 1By poqaseg 0 0 0 0 000'0 000'0 RYSEM 401D
roriu UL sirst aalg 9l 124 0zss oL 6L00 {14} NIy poqaseq
BLLESE 66'8L 69t 660 BRIy 8t 1 8L el 116’0 114X 4 401§
anjed passin PNy NIHOLVIN ONVIWHQ 1] (114 9592 60 6LE0 9Er'y e DA
cﬁé U] dAjieynwny HALLVINKND $1U2A] JO oy wiawpxepy afenaay ‘A1 IS ueapy
‘ON 0L (spuod2s) voneing) (M) peunq SILISILVLS GRUNSVIWN
Lo 38 (Y41} £51°009¢ w “w (patewyisg) penpisay
w w v SINIT 08€'1951 {poreinaje)) |mpisay
| 9l [ 14 14 (] otls i 99 99'6 9L'6 oot o'l stL'6Tel owRiysy
0 0 0 0 0 0 0 000 000 0 0000 w W SYsYM Yiog
w o u 00'0 0000 12y 23410)
. u u 000 000'0 1semyI
. ¢ 11} (i'14} yoL . S1°e A4 050091 , ’ T Rivaj| progaseyy
’ ol 9 L ¥ oz soul  |%° £ sl stsvos |16 g6 I 1313} preoquseg
| oL 8L 11]2 " 087 (134 e8'981 Vet 008°1¥S 3r01§
s 0 " 9 4]} 9597 059 ' L9'st 90'6¢ Lbl'E88e STt 174 1414 DI M
00001 oo'tot 6TRISHL w w (Bugssazong sahy) jeiog
w e w 950°18€L (nduy) jwog
n|eq passi Py SIUaAg Jo | Wyl waulxep]  a3usaAy SImYS amys £Rsaugy awys (MY puewaq AYS (MY) puewidq
$)uaAg Jo ‘oN ‘ON {910}, (spuodas) uopeing Lug u padIL0) Adaug AN N Adsaug ANRjWND
NOSIHVAWNOD INTAL SOLLSILVLS INTAT QILVINLIST AW paleuitisiy paimseapy NOLLIWNSNOD ADYINH

L661 ‘60 Krenuep ‘myp 1]
1661 ‘60 Stenuer ‘myg, 0)

L661 ‘60 Kiunuvg ‘WL (popiag uojenisay
L1661 60 Kenup ‘o, ipopay) ojdines

110



0 0 0 0 0000 0000 nua
1 s $00L 651 20’0 1o oud)yay
$ 14 9Ls (4174 180°0 869'0 Dysemynq
9 96 088 18¢ scl'o 6EL°0 Jysum sagoy)
] 96y wit 141 ] ftl'o [74] Rl proqaseg
ol 4 959 sél 1414} LT 301§
] 41} [1141% $601 0870 oLY'y D | a1
$IU3AT] JO W wnunxegy ey ‘A 'PIS [T
‘ON (01 (spuodas) wopemq (Mx) punuiag SOLLSILVLS 3TdNVS
[T [T] e w w w sauq
$50°L8 9.9'919 s'sie [T T € s 800, 2651 £20'0 1y'o Jopndijoy
%Lt 1z5°re 117K} sl 9 96 088 18¢ 8Eto 6EL'0 Rysemysiq
11§14/ reLe 1177172 113} preoqaseqg s 143 9Ls 4174 180°0 869'0 YSEM SMI0)D)
6109 r'ist secest nag 8t 96¢ (1244 141 ] £T'o 1ot Rieagy preoqasegg
LT 064 $OL'8¢ 985°€0lr 23] diem 0l 143 959 s6) H4 14} 9LT aa0)§
Ay PassiN Pt NINDLVIN ANVINAQ r 1413 11413 $601 ost'o oLk Sieap) M
(M) pueiiaqg aagimpnuiny HALLVINWNND sluaAg jo ununuiy wnuixegy oduday ‘A PIS e
‘ON (010, (spuodas) uopesng (MY) pusuinq SILLSILYLS GUNSYIN
or'ee pI'st 11414 £19°09¢7 w LU (palew)isg) pnpysay
w w w e Tigpeor (parenajeD) enpisay
1 1] u 9t i 66y 96 oL's 09'6 ¥9'6 LLS'T06 ot's! 861°Terl Jowsdiyay
" y | 6l it 038 9€e - L6t 86'C 65¢°8LY W w Slysep Yo
w W w ro 6t ysem S0
w “w w [N 10L's01 Rysemysiq
14 08 e us § 180 w0 £68°9L X . T iwat proqaseg
s ’ " 0z 1 wee e | N s wezon |50 Lovsen { 1w progaseg
y  14] 088 e L6'0 09t 19'7 SSLINL Ls'e 908°ELE ao0g
| 9 1]} ] 443 11413 8501 wi- 9l'Ly Le'Ly L1312 yL'sy 168°182¥ R 32wm
00°001 9v'00! S0TE0k6  {w w (Russ3001g 12y v) oy,
w w "W 855'09¢6 (indup) mo,)
osje4 passi papiey SINAAZ JO | wnwjmpy  winwgxegy  a8esday sams s £3u3 Avyg (M) pusiaq anyg (M) prewinq
$IU3AZ JO ‘ON ‘ON (Mol (spuoaas) uoyiung Kdaug vy [LETREITT Y A3ug Ay A3y A Iwnun)
NOSITHVJINGD INFAY SILLSILVLES INFAH AILVINILST MY pajunisi| PaInse3py NOLLIWNSNOD ADYANT

L661 .O— .es-:-H .m—'.— 0)
1661 '01 Kmnuer ‘pyg o

L661 ‘01 Arenuey ‘L :popsaq uopuniuAg
L661 ‘01 Kienuer ‘1] ‘pouag sjduneg

111



0 0 0 0 0000 0000 b
9 96y 9Ly 911 1200 yiro FTTE TTTEN]
4% %N 89L {34 £80°0 yeL'o Rysumysiq
L 9 968 (Y43 vt L0 S S3YRD
4] s 08bri 14444 £50°0 [{14] Bjed}| prroqaseg
wt 9 9191 6F 6180 (410 Aoig
1 [413 isiel €12 £0Z°0 09’y D vt { Bt 11
$1u3A7 Jo wnjuyy wnuxep adnany ‘A 'PIS uwapy
‘ON o) (spuoas) uojingy (M¥) puswaq SOLISILVLS TTINVS
w w [T} [T] w w nug
y6l't6 Horsrs 085°L9% [T T 9¢ 96¥ 9Liy 9IS 1200 rivo lojeniyjoy
{194 1Y Tis'o8t 919'091 SIYSUA L 9 968 (143 o HLo Jaysemysiq
$6'2921 23 Y14 LSl 1Y prroqaseg [41 9 89L 114 £80°0 Lo RYSEA 41010
12 X441 $69'LLY sITeLs A0S 4} "s osrrl 11474 £60°0 W't 21034] proqaseg
(LINT]]] 061'0LIE 191°LELS lapap] Ly e 9 2191 6y 6180 141N 310)§
»je4 PIssiN P NIHOLVIN ONVINEQ 1] [413 (4114 IE1L 4] wrey b | B 31
(M) pumwiaqg aapinun) BALLVINNND $1uaAg Jo umwiupy wnxepy ey A1 'PIS uedpy
“ON [mioL (spu0das) uoingy AB_: puriia SOLISILVLS GYNSYIN
[IX3 96'c€ 7353 10LEY9  fuu w (pawyisy) enpsay
wu w w {14 0¥6°60£ S (parinoqe)) fenpisay
] 6l 1] §T 43 orty 810l 98°C Le's Le'e pLL'BSY YA LY opadyyay
14 0f 6 0s 9 968 114 Lo 11 24 1{ x4 LS6'LLY u w SRYSEM Yog)
w "W L tL 116'8¢¢ Bysem sy
w "w s §5°0 LITsol aysemysi(l
t 143 1] 14 9ts1 . Lt L 90€°9bt . i T lleag| preoqaseg
' ol t L e suc ez | (s's (s's strssor 5N 66y'90zL 1 13w3} prvoqaseg
65 9l it (1144 56" ¥6's1 S6'sl £81'911¢ o9 9Lgostl 01§
| 6 9 L 413 891¢l oLt 99’8 $6'9¢ 96'9¢ 096'0CLL 19'sh 15€°1168 R TR Y
00001 0001 grp'shsel  uu w (8ussasoyg sayy) o],
w " “w BLE'BES61 (induy) oy,
Y] passiN paydepy SIaAz Jo | wnwpupy  wnpxepy  23wday sareys aeyg 431307 amyg (MY pueuagg FTT (M%) puvung
£1U347 J0 ‘ON ‘ON |v10], (spuodas) uojiung £31au7 uy ALY £3uy SA)leghun;) £33y EIVITTTT Y
NOSDIVJW0D LNFATR SILISLLVLS INSAR QALVIWNLLSH AW pauiisiy PainseIN NOLLIJWNSNOD ADYAN

1661 ‘11 Kienugp ‘g o)
L661 ‘11 Kmnuug ‘leg o}

L661 ‘11 Kvenuef ‘jes :popay uojenjeas]
1661 ‘1) Kmnue( ‘g poisdy sjdeg

112



0 0 0 0 0000 0000 nuq
8t Wy [4X4] L6t oo sivo oy
0t 91 ¥29 06l 6800 YoL'0 Rysemysia
L 96 968 (Y43 o [AYX)] Jisem 501D
44 1443 Te9L e {800 n Jajea preoqaseg
(14 9 888¢ 961 $6°0 619't Aol
§1 [411 i9 yist wro Lr'y R | B 11
$1U9AT JO wnuuy unuixep afeisay AX] PIS ey
‘ON %0, {spuodas) uojieing (M3) puswaq SHLSILYIS TTINVS
[T 11 w [T W [T] RpQq
s t81'v69 98£°789 lonsadpyay 8t w9 wwy L6t1 oo 111 4] 0maspjey
090'961 you'eel 114414 SIYSYM L 96 968 1143 tvl'o LEL'o RysImysiq
6L6'CLON cLe'vstt 113103 »ieaf] preoqaseq 0t 91 124 064 6800 YoL'0 BYSEM S3401)
L6L'660t czL'es oz8'ess a0g [44 (171 9L e £80'0 HTt Riedp preoqasey
L69'L18) 24N SHE'SLEY Do | 1\ 6y 9N T 961 14711] 619\ SADIS
vy passiiy Py NHIOLVIN ONVINAQ 1! 411 9 yist wio LEy'y 2134 I
(MY) puewiag aspiegnun) FALLVINNND $)aAg JO Wy IRy Ay ‘A 'pIS uvap
‘ON |st0], (spuoads) uopein() (AY) pusiagy SOLLSLLVAS QHUNSVIN
I} 1143 FINT LerstLe w w (parsuisy)) enpjsoy
LU w L $L'ST rio'sise (pawmofe)) (enpisay
1 sl ot It (43 1149 156 %0’y 60's s 109'69L 1K) 69¢'9LEN oy
u 14 1" 13 it 088 881 8t'0" SU't L 131411/ u L SINSYM Yiog
" LU LU i [41%1114 RYSEM s40))
. L w oLo LOY' YOI ysemysi
L '] 0891 [¢1] . 60t 1He 0LE'L9r . . T Jaed proqasey
i t L 9 un . T o 99 worue |0 966191 ) 1313p) progaseg
L 9 T6te 1est jog'e- el st L19'Te6l 18'6 erssinl 0IS
$ $ ] H 08 9 ££91 SL'T 68'v¥ si'sy O'E6LY nw 69Y°0¥¢9 R M
00001 Ls'004 Hegist o w (Bussadoid sa)jy) (wio),
e " . 0£9'$¥05 | (indup) jmog
asey PSS parpogy S J0 | wnunupy  wnugxepy  o3ussay $2001|S ayg AR1au3 FYTT (M) pusuiaqy anyg (AMX) punaq
$1uU3Ag JO "ON ‘ON [vi0}, (spuodas) uopeingy Afrauzg uy paaLe) £813u3) N mun) Ao EXYRTT (T
NOSI¥VAWO0D INTAT SOLLSLLYAS INGAH QHLLVINLLSA uanjiq pawuinsy painseay NOLLAWNNSNOD ADYING

1661 ‘T1 Arenuef ‘ung
L661 ‘71 Kwnuvp ‘ung

0
o)

(661 ‘71 Anenug ‘ung :popsag uopenjeag
L661 ‘T Avenuer ‘ung :poyag ojdutes

113



0 0 0 0 0000 0000 »ua
[A14 96V (4413 80€1 £20'0 £ivo Ry
L9 9 9L e 9800 FILo Bysemysiq
9 91 968 Ist o orL'o RYSEM S0
v 96¥ 96091 sont 091’0 (2441 Niea}| prroqaseq
(414 9 888¢ 68 reo'y Uyl Mg
6L {114 14113 sovl 0sT'0 95¥'y RIS RIM
$IU3AY JO Wy wintjxepy adetoay ‘A% 'PIS uedpy
‘ON {n10), (spuodas) uotieingg (M) punisiaq SILLSILVLS TTdNVS
W “w w [T [T w nEQa
9TE'659 66005 olCLeNY TR et 96¥ sl 80¢€1 €200 £Iro 1oldugoy
68L'LSE} L85°8L9 LsLaLe SIYSEM 9 9 968 (113 %o oFL'o Rysemysia
olg'eLes Lo1'stsy SLY'IRlS R} proqaseq L9 9 89L 414 980°0 Lo BRYsEp YD
LI19°$58¢E Lot oze'crrl 3a0i§ 6 9%6r 96091 sort ol'0 (44| I3} proqsey
£99'865L L99°91T¥ S0L'v899 g sem wr 9 888¢ 68 o'l 9 anolg
anjey passiiy papIy NIHOLVIN ONVINEQ 6L 14 [411] sori osz'o oK'y DRI M
(M) prewiag aspisjnin) SJALULVTINNND S1U2A7] JO winunuly WLy FITIRY AN} 'PIS Uy
‘ON jeio), (spuudas) uoguanq) (M) puewacy SOILSILVLS AIUNSYHN
80’y ] el pSO'TEVEL L "W (patewiisiy) penpisay
w “w W et $16'8K 091 (patenaie)) enpisay
9§ 16 9 961 9 1L99 9iot 1% 6L 'L 9E9'9¥iIe or'tl 6ve' 1108 Jopsadujoy
Lol (] 19 [14) 9l 968 08¢ 96°0° [ 124 (A4 9ys'bELL w w SRYSEM Yog
w “w L1 060 90K e€9 ysep s301)
[ 1] eu (1) 090 8L6' 1Ly —v.-ncii_ﬁ
14 4 (1741 60L | YA [Z4) EErsLIt . } T BRI prsoqase]
L6 st i £l o Mwie  ses Lo W 08’11 iseeees [SE! 9’50101 1 3313} preogasegy
14 91 1119 (1144 06’1 19°L (41X} LEB'H6TS 19'¢ o1 0r6¢ 3A0i§
"n £l 9 6L 08 14111} 85¢1 "'y '8y 6L'8Y ILEERTYE  [B6'EY SLE 10608 R} kM
00001 st'ool 6TLLOSOL e w (3uss2304 12yV) jeroy,
w su w 160'¥970L (ndug) juiog,
s|e4 passiiy pape SuaAg Jo | winunuypy  umwpsepy  d8eday SaIYS ays £sou3 aeyg (M) puemx) uelyg (M) puewa)
$1UaAY JO 'ON ‘ON |¥10] (spu0d3s) uoyieingy AQsoug wy pau0) &dwy) EXVITTIT T Kdnousy aAnvWInY
NOSIHVIINOGD LN:IAS SILLSLLV.LS ANIAZ QELLVINLLSH IR paisngisiy R1nsuIN NOLEIWNSNOD ADMEINH

1661 ‘71 Lenuer ‘ung o
L661 ‘T Lienueg ‘ung o

1661 ‘L0 Kiunuer ‘an
L661 ‘L0 Krenuwg ‘ang,

POLId] UDTIRN|NAY
potsag s(duieg

114



0 0 0 0 0000 0000 R
174 9 14113 siel §700 Loro 103u)0y
] (4} 86 ber LS00 0o Risengslg
44 08 968 89¢ tol'o ofL'o 1SN S0
681 1114 850! 66 £0€'0 £l 1)} proqaseg
(114 91 orri r6 14 &4 06T’y 3aolg
4] $0€ 00001 LT0| L8T0 96ty RE3] PRM
$1U3A7 JO gy wntixep odenay ‘A ‘MIS uedW
‘ON (€04, (spu0d3s) uopving (M) pueuingy SOLLSLLV.LS ATJNYVS
[T [T [T [T w ' JETTe]
tel'Lott 208'669¢ 6€8°6515 10adigoy 314 9] TiLs 8icl s10'0 Lov'o Jojesaiygoy
[i1¢ 424 88r's6¢ fer'Lel SIYsEM 44 08 968 89¢ £01°0 YA Risemysiq
Loe'eLos [ IR 1414 1€9'8986 R preogaseq 8 4% 876 1414 150’0 oL'o RysEM S340)D
nIor T 1680 Ltoe'zrtl N0i§ 651 951 82501 6¥6 £OE'0 (Y24 R} peoqaseg
CLYCRIS YT SESE 0V9'99102 Bkl | R (114 9 ovvl 1] 114 44 06’y 3A0I§
a4 Passiy Py NIHOLVIN GNVIIQ 4] b0t 00001 Lzol [A14] 96¢'Y oo | Rt 1
(AN) puewiaq 2anejnwin) AALLYINNND SIaAz Jo wuy wnuixepy adenay ‘A1 'PIS U
‘ON Juio), (spu03s) uopwing (M) pusiiag SOLISLLVLS A3¥NSVan |
057 (131 96'¢1 $S9°L166 w w (paiswiyisy) jenpisay
LU L w sl [LI4114]] (pawnaje)) (enpysay
13 (24} orl 161 143 14133 otel 60°'r (1311} ot L6'99Y9 wel 1vE°6568 Jopadupy
[]3 [£4 9 14 9% 124 143 {1 [x&4 sTT £5T00Kt w LU sRyseM Yiog
w L w 20 LO§'EN 1YSEM SO
w uu w 650 riv'eut Rysemysiq
” 143 1144 895 . L9 9 186'LT6 . , T 13183} preoqaseq
i s ol m 9 ee s e TR 952t tsectons (L6 Pi¥'soozh | 131031] prroqaseg
61 9 0967 SEr "9 Lt (144 088°pbs | 168 STL'EESS A0S
6! 0l 1] 6 8y (417} €001 €«©'e 8oy 08'0p E1€°05€EST S1°'8¢ $06'10LET Rie Py
00'001 08001 ULy fw w (3upssasosg ayv) (v,
v Ll w 91$'92179 (induy) oioy,
o4 PassIN paydrepy $1U3a3 JO wnwiuy  wougxepy  afesaay sanyg aeyg £31ug aeys (AY) pueia(y FYTTT (A\Y) puswaq
$)UaA7 JO ‘ON ‘ON (vIoL (spuoaas) uoneingg Ldoug uy [IEIEETTTGY A31augy anwnn) Kdauy EXITTHTT Y
NOSINVJIWNOD LNHAY SIHLSLLVLS INTAT QALVILISA U palewtisy PAANSRIN NOLLJWNSNOD ADM:IN

9661 'ST 13qUIA0N ‘uopy
9661 '$T GUIdAON ‘uopy

0)
o

0661 *61 J9GUIGAON ‘] :pOLaJ uojeN|¥AT
9661 *61 3GUIAUN ‘| :poiag afdiueg

115



0 0 0 0 0000 0000 Lpa
9 94 (4113 8itl $T0'0 Loro w0y
8 4} 86 (414 LS00 0zL'o Bysemysiq
144 08 968 89t £01'0 0£L'0 Rysep S0
651 9T 82501 6¥6 £0£°0 [ Y24 DI preoqaseq
617 9 orrl ¥6 74 X4 06T’y A0S
4] (1Y 00001 L0l 1870 96¢°¥ IO PIT
51UdA7 JO Wiy wnuixep adesany ‘AN PIS uedpy
‘ON (00) {spuo3as) uojiuing (M) pusuiagy SOLISILYLS HTINYS
w T [ [T T [T 04
(1] 91144 69TSLIL 080°06L01 tojesadjyyay 1t 9 89151 (111] $10'0 900 lopsadyyay
£9¢'L061 9Lo'sLtl 901°60¢ slysep 14 08 968 1e o 8o Lyswmysq
[ [141t4]] ofT'8619 809'9¢L61 04e3}] pleoqaseg 06 9l 876 ort £L0°0 1o RIS s34
131 41,14 £16'6018 608°LLET LA Lst 962 96491 0¥01 $9£°0 pIgl R} proqgisey
$92'90821 61199911 $9£°08690 23 BIvM sLy 9N ['{124 ({1 64T rir'e oig
e passiN payiey NIHOLVIN ONVINEQ 1] 882 2e00t 1841 920 16£°¢ 1210344 JakeM
(M) pusiaq) aapegniun) HALLYINKWND Siuaag jo winuuiy wnwpxepy ey ‘A 'PIS inajy
"ON [wiof, (spuo2as) uopeing (M1) purwing SOLLSLLVLS (FIMNSVIN
- 1¥'61 15°61 1wLewvr e LU (porwpsy) (enpjsoy
w w w s1'gl 1% §11474 (pawynoje)) jenpisay
{1 "ne 60¢ 141/ 9l 9¢8¢ (124 99°¢ e LY'6 62¥' €808t el 6rER96L1 omdupy
19 91 1] i it '124) 899 sro- oLl 1 695'91EL w u SYSSA Yiog)
w w w 1o £68'856 Ysem sa40)0)
L "W w ¥$'0 (YA 14] Bisemysi()
991 9 8092 (21 | tL'y sL'y olr'ezy9 . : T 13y | progaseg
rne o e I 9 T I ik frLl i goLzvsez |0 SeUvs6IT § 19183 preogaseg)
M 9 0961 L 144 s’y sTC we V96'sTry sL'L wrisvol JA0lg
4 14 Y| 9Ll ' (741 [1¥4} 19°0- L 214 61'vb 059'98L6¢ {914 Y01 L¥98S BRI M
00'00!t £$°001 681°L009E1  jeu LU (Bupssadosg 1yy) uio),
uu L w ___BsLS6TSEL (induy) mog
ﬂ.nn— 303.2 PPN SIUAY .-o ...._E_:.z _.__:Ezgz ouEu,;< nu::.w EILHTIN .Am.o:m_ o::-w. A>€= puux( LI ;C: peuq
$IUaAY JO ON ‘ON |01, (spuoaas) uopemy] £310u3) vy PalsLo) L3 aAflumnn) Koy Afiemun)
NOSIHVIWNO0) INTAT SILLSLLVLS INFA QA LVINLLSH AR pawtnsy PANSWIN NOLLINNSNOD ADUN:

9661 "0F 130N ‘1§
9661 ‘ST 10N ‘topy

o)
o)

9661 ‘61 12GIIGAON ‘an g, (poNd] tojienjuat
9661 ‘61 330N ‘an |, :pondg djdes

116



0 0 [ 0 0000 0000 L}
L9z 9 (4111 st $20'0 Lor'o ondiey
8 [4) 876 1314 L50'0 oo Rijsemysi)
144 08 968 89t foi'0 0EL'0 BYsEM $34101)
651 952 850! (1) £0t'0 (X4 ] Rje3} preoqaseg
617 91 orvl 6 L14 X4 o6ty 01§
¥8 LY 00001 LT01 187’0 96t ¥ ieagy 1A
TR T wnwui wnuxep a8enoAy ‘A3 'PIS ueap
‘ON (10, (spuoas) uopwiy] (M¥) pusuiag SOLLSILVLS HIJNVS
o [ 11} [-{1] w L '] eu nuq
ys6'0p0E 0L$'¥0LO} 111841¢]] 100e331)3y 96L 91 89is1 [11] $20°0 Loro soenidyyay
060'2$61 "Byisel 61L'98¢ shaysem, 8¢ 08 968 sLt 801°0 otL'o RYysemysiQ)
9r8'c986! 189'98¢6L 0¥¥'1890L R} proqaseg 101 9l 86 1414 pLO'O Lo BYsEM S0
098067 s 66201 L66'860¢€ YL 69¢ ¥9 %6191 [17) 9e0 (1A BIe3}| proqasegy
$r6'4E8LI 988'LIcs! 005°TTLIL ieaj] Jasm 60L 9 (I14 1Y (4] 981t 9L 0I5
ey PassiN paydaeN NIHOLVIN ONVINEQ 697 ¥ 14X, 1] tLil LSE'0 vy Dk | Bt
(M) puswiaqg aspwnuin) SALLVINNND siuarg Jo wiujiy wintuyxpy adunay "A] 'PIS ueajy
‘ON {810, (spuodas) uoying (M) puewmaqy SOUSLLVLS aNSYAN
170 98l 98l oLLostse e L (paretupsy) (enpisay
LU w L Ls'gl 5L 1968€ (poseinoje)) penpisay
1$9 n 9¢8¢ $91) 10’y 16'6 16’6 60t°00£6| 6t $16°65697 wpdugey
ozl 9 szl $59 L'o- wl te't 608'8¢5¢ w w SIS Yo
"w w w "o 9re 050l HYsem s3Y01D
w w w 1s'o LS¥'E66 Lysemysiq
6L 9 $097 11 o. 9%’y (19 91v'riss , . T DI pioqaseg
16§ 9 e TR T ki 991 $£'91 TRT LI edd e 1 13103 preoqaseg
i 9 0961 X£4 "ne 80'€ ore 8r€'L009 169 6£$'86€¢1 L
oLt 11 9100t 801 Lo'r- 109y LToy SPY'L0968 V6BV 98¢°0v0LS el DIRELT Y
00°001 95°001 L96'05Lk61  [eu L (Bujssazosg 12yv) wioy,
s w w B6'$L9E61 (indug) iy,
ey passig PN SN JO | wihunupy  winugxepy  93e1day SABYS aseys A21au3 T (M%) puswaq anys (AMx) puewsnqg
$1U3A% JO ‘ON ‘ON julog (spuoaas) uopieing A3rauy uy paidaNe) K31ouzg EYSITTITTT g £81auy AW
NOSNVJINOD INIJAT SIOLLSILVLS INHAT QRLVINILSH NUANY(] pojeinnsy paInseIpN NOLIJWNSNOD ADN:INA

9661 ‘60 13qWw323(] ‘uop
9661 ST 12qWIAON ‘uop

o)
0}

9661 ‘61 12qIAON *an) PoLId,| uonenjea])
9661 ‘61 1qUIdAON ‘any, poudg 3jdug

117



0 0 0 0 0000 0000 »uq
(174 9 14113 gicl §20°0 Lor'o Jowsinjay
8 43 876 1214 LS00 ozL'o Ryseasiq
[44 08 968 8¢ fot'o otL'o RISEM S2401D
6%1 95t :1471]] (13 tot'o £l Rieaf) puoqaseg
612 91 orel ¥6 174 44 06T’y 2A0I§
1] b0t 00004 Lol 1 14] %Ly niwagf REm
$)UAY JO [T WX unay ‘A1 PIS ueapy
‘ON (oL (spuo3as) vonwing (MY) puwaq SOILSILYLS FTINVS
(T T [T [T [T [T nuq
1144 11]Y 6La'91¢HI SSTCLENT 10182311304 L90l 9 89161 riel r0°'0 01¥'o lonsadpjay
69¢° 1E00 Loe'sLLl tiroLe SIYSEM 14 08 968 $O¢ gol'o 0tL'0 Bysemysig
06165657 99704 (148 [ 1374 R proqasey M 9 L4{] 174 yLO'0 Lo 1seM 5340
990°986¢ 6s0'czect teLrive A0l (14} 2] 91TET 166 6t¢°0 Yoty By proqaseg
80T RLINT $L60KVOT 0l5'16656 LRl P £90l 9 (17413 €ot 666'1 141 &4 A0Ig
|ef PpassiN payiIey NIHOLVIN ONVINIC) $9¢ Y9 {t001 [411} 8tLo 6lr'y R I
(M) pusiaQ aapenun) FALLVINNND $IU3AT JO W)y ey adunaay AXL'PIS [THT
‘ON (10 (spu023s) uolein) (M) puertiagy SIOLLSLLVLS aDINSVAWN
800 85°61 69°61 9s10Ls0s  [wu [ (parewisy) jenpisay
w L W 99'6l T6L°LSYOS (paremdje)) enpisay
058 9l 968¢ ol 144 e é 0oL 11zse $6'¢l el 0685¢ Jopsaduyoy
&1} 9! F174} Y 98°'0" wl £l 980°'20L¥ w L SRYSEM Yoy
w w "W 6v'0 6Lyl S SI01D
w w w Lvo SOy 00z RYseMysi()
00t 9t 8092 1114 . 15’y (347 org'se9ll . . T 129§ preoqaseq]
" 9l vee w9 |0 0051 80'51 wovige (B Lacusone { 13t} proqaseq
414 9 0961 414 o8¢ 't (Y4 L6L’090L $59 06L'L6L91 0§
9¢ {4 91001 807! - Ls'9r 1890 LTL99neTl  joesy SO¥'EErIL RIS M
00°001 75001 LL6'YZOSST e L (Juissazong 3ayy) peio),
w L w $90'L899¢1 (nduy) peio,
os|eg passiy paydiey siagjo | unuwiupy  wiougxegy  a8esday sayg ateyg A81auy EITH (M) pususagg T (M) puewaqy
$IUIAY JO "ON ‘ON (®I0) (spuoaas) uoneng A310u73 wy [(LTRETTVY £81au7 Angnun) L3 Alje|mun)
NOSIHVAINOGD INTAYL SIOLLSLLVLS INAAT GALVINLLSE UINY(] pAaRvps paimsedy NOILIWNSNOD ADMIINY

*T1 Put || $3qutads() Joj uiep ou 910N

9661 '81 1aquanaQ ‘pap o)
0661 *SZ 5qUIdA0N "oy )

9661 ‘61 1GUIIAON ‘at1] (PO UoLEN|RAT
0661 *61 19qtdA0N ‘any :popdg adueg

118



0 0 0 0 000'0 0000 nia
Loz 91 LS glel $20'0 Lov'o Jomsdpgy
8 [43 876 (113 Lso'o ozLo Lysemysiq
[44 08 968 89t £o1'o otL'o RYSEM $HI0))
651 95 92501 6b6 £0£°0 124] 13} proqaseq
612 ot o ¥6 ar't o6’y sA0ig
8 Y0¢g 00001 Lot 1140} 9%’y D M
$juday jo umuIlN wnwxey ou-.u>< ‘A1 ‘Ms U
‘ON (810 (spuodas) uojiesng (MX) pusuiaqy SOLLSILVLS H1INVS
[{T} L 1] o st [i{1} [ [T} 53
LicesL O8'CY6LT SEY'OSLTY lolsadupay 9607 9 1] 60¢1 ¥20'0 Lro Jojeniugy
665°18¢8 061'96L¢ Lee'srtt SIYSEM 121} 9n 968 oLt 801°0 9tL'0 Rysemysi
16E'OVBSS  SBL'SELET  ILI'SKeBY 12je3}] preogaseg (744 91 w6 (144 8L0'0 riL'o Jysem S|
659PMOTY  ¥SL'OLBOT LEVIONL LI 13} 9 09Lse 0901 L0g'0 982’} 12124 pwoqasugg
GLEBBTES  TOL'YBSIY  ¥BEEMIO0 DTN $807 9 888¢ €01 859' e aaoig
ey passiN PN | NIHOLVIN GNVINEQ £69 9 960L1 [114] $62°0 orv'y CLTELTY
(M) pua(g aapeinwn) SALLVINNND $1UdAg JO wnugy wnuixep [T ‘AT 'PIS uap
‘ON |uioy, (spuodas) uopuiyy (MY) puewagy SOLLSILVLS (HYNSVHW
"n's 1{XT e 8€L°70696  |ev [T (pamuiyisy) jenpjsay
w e LU oIt 206'290E 11 (patnaje)) (enpisay
] 91 8L Lt r'c $E'6 or'e 5080005  {6T€1 SLT¥690L Jojesadyjay
[173 91 el €9 06'0- "wi 59l 996°0(86 w w s1yseM Yog
W w | o 1E 3144 Risep 40D
o w w 50 1991642 Rysemysiq
029 9 9506 805 . o'y wy $59'€L0ST , . T 12May] proyaseg)
09¥1 91 816 989 e 160l 66vi weLie |10 956'089ZL 1 1313} progasegy
(14 ot 9126 €9 {891 v9'c 9°¢ orIIrKel  IES ez zLest aA0l§
189 43 80051 95¢1 £6'1- sy'Ly e LILIELEST 1SSy 980'8207¥C 210} PIUM
00004 $5°00( L6y LiLyES (v e (Suissasorg 1Yv) viog,
s ' L LED'EBLIES (ndup) jwog
o._c.._ _vonn_z paydegg Siu3AYg Jo E:E_:_z ====_x¢2 quu»< s o::-m .3_2.."_ u.-._m ;»xv _E.z:ua Aeyy ~3$ pueuid(
$IuaAY jo ‘oN 'O {810, (spuodas) uoneing &droug uy ALY 3wy XTI Ty Y vy aanunun)
NOSIMVANOD INTAT SIILSILVLS INTAT QRLVINLLSH A pajeutnisy painseay NOLLEWNSNOD ADYANY
*T1PUN [ | 13qQUIId3(] 10§ B)Up OU ;J)0N
1661 ‘bz Kienueg ‘ng 0) 0661 '61 12quIaA0N ‘an| :polag uohunieay

0661 ‘ST 13qWIAON ‘uoy

o 0661 ‘61 19qW2A0N *any, :popag ojdueg

119



0 0 0 0 0000 000'0 L
19t 91 4113 8i€l §20'0 Loro Jojesadyyay
] 113 826 11 150'0 Lo LsEMySK()
Fi4 o8 968 89¢ £01'0 osL'o 1YsEM 8210
651 95t 82501 o6 £0£'0 Lyl 12102} proqaseg
612 91 ovrt 6 9T 06T’y noig
8 YOE 00001 Lol L8T0 96£'Y 2L 1M
FUELY: B4 ol winuixep on.:o.»< ‘A1 .v-m uedpy
‘ON (0101, (spu023s) uojiving (mx) pusuwaq SOLLSILVLS TINVS
(U1} w " 111 "l "W .0_5
L£6'8¢6 €CO'10s6E  TLE688ES loje13841)5y (1414 9 815t 114} ¥20'0 Tro sojusdngoy
WE6sIIL BOSOULY  66Y6EST SIsEM 12 9l 968 £Le tore Lo Bnysemysig
OSL'SLLOL  WSI'LBNIE  LBTESKES 1) preoqasey (1124 9 e (144 6L0°0 siLo Jaysem saof)
6YTYEOST  6ETORZOT  YOL'ZLINN 9r0I§ 101 91 0oLse £ o 62’1 1)e3)} proqaseg
ICOPPOEL  lOL'6ETSL  19rTsestt DI PNM List ] 888¢ 50l o't 1522 aroig
passiiy PN | NIHOLVIN ANVINTQ e %) 950L1 Lozl £6L'0 sEr'y 121631 121w
A;xv v-l.——va g.—c_._E._U m>. h<._3_220 $HIaAGY JO E::::.Z E._E_xaz on-:u>< .>o: .Ew :-u—‘
‘ON (Wog, (spu023s) uojieingy (MX) punwiagy SILLSILVAS a2¥NSVAN
[TX3 €89 $6'97 986'6L¥T07  |uu " (parwus3)) (enpysay
o L w Lret 1091612 (Pawaje))) jenpisay
L6t 9l 8TEL 180t SO0 Ly 1w S0U'88IC9 KTl $00' 1916 sy
9%p 9 el {1 o 91 691 108'86971 e w SIS thog
w w 1] 9¢°0 6658992 [EIT7 R ETT Ty )
w w e oro S0L'LSYE PYsemysK]
s6L 9 9506 (143 . Bty ov'y 206'950€Y . . T 1owa) | proqaseq
$t61 9 W6 89 wy »6's) 00! rzusor {01 1y oreos | 12103}t preogasegy
L 9t 9126 612 810 o8y Wy ris'90z9¢ (860 £05'810LE anoig
tos 13 80081 981 Lr'o 10°0¥ o1'or 160°L6610E  |8Y'OF 9I'T6140E 2 i
00001 SH001 THL'6OLYSL {0 o (Buissadoly sayy) miog,
w w e £90°66€15L (nduj) er0,
LR _.onn_z IR $13AY uo E.:.:_:_Z wnuseiN omEu>< SanRyS LI »m.u:m_ eyg ;wlﬁ pueiuay B2 A?xv Privig
$1UaA3 JO ‘ON "ON |910], (spuodas) uopuing) Liouy vy PAID) Aoy AN Adnw;) dA)gMUNnY)
NOSIHVIWNOD INHAH SILSILVIS INFAH CELLVINLISH 2au21apyi(l parusy pammseapy NOLLIWNSNOD AOHNT
.N_ v::_ _ _ ._o._:_ouoa— 5‘_ 55. ol _o.cz
L1661 ‘vz Kaonunp *pg 0) 9661 '§1 13q0190 *an ], :popdg uopEnjEAl]

9661 ‘ST 13qUIdA0N ‘uopy

ol 9661 ‘61 13quasoN ‘any,

poudyy aydueg

120





