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ABSTRACT

In this thesis, a High Impedance Fault (HIF) Detector is builtfor detecting high im-

pedance faults in a power distribution system. The detector consists of an algorithm, a -data

acquisition board, and a Windows program incorporating the algorithm.

A HIF simulation circuit was set up in the laboratory at the University of Manitoba.

The simulated fault cunent proved to be a credible fault-current source for simulating HIF

in a power-distribution system. Foul different kinds of waveforms were collected for faults

involving wet soils, dry soils, grassy wet soils and grassy dry soils, in a power-distribution

system.

The algorithm proposed in this paper for detecting HIF includes three parts: Flicker,

Asymmetry, and Quarter-Cycle Asymmetry, all of which are used as indications of HIF.

The main part of this algorithm uses the half-cycle currcnt rms value to detect Flicker and

Asymmetry when there is ahigh impedance fault. Since at times there is no obvious Flicker

and Asymmetry when a fault happens on wet soil, this algorithm also uses the Quarter-

Cycle Asymmetry feature to detect the fault. These algorithms show good performance

in identifying the characteristics of HIF waveforms. They have good dependability (ability

to trip when it should). In addition, for high impedance fault-like loads (for example a com-

puter current load), the algorithm also gives quite satisfactory results in terms of the security

(abllity to not trip when it should not).

With the Windows program, the detector can be operated in either the Intermittent

or the Continuous mode. It takes 20 seconds for the detector to carry out the whole detection

procedure, so the resultmeets the requirement of real-time detection. In addition, when the

iv



detector is running in the continuous mode, it sends out a 5V or 0V output signal every 20

seconds conesponding to the fault or no-fault situation. This signal can be used for alarm

or trip purposes.
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CHAPTER 1 INTRODUCTION

1.1 High Impedance Fault

IJ.1 Fault Problem Støtement

lVhen a fallen distribution conductor in a power system is in contact with a high-

impedance surface of some matedal, such as asphalt, soil, sand oL trees, the current of this

kind of fault is quite often below the trip level of a fault-clearing device and there is often

an arcing phenomenon at the point where the conductor touches the materjal. This kind of

fault is considered as a high impedance fault or an arcing high impedance fault I I J 1,21.

A high impedance fault ( HIF) frequently happens when a distribution line or a

conductor in a power system faults to the ground, or is contacted by a foreign object, or a

pole or pole hardware is broken. Since the power delivery exists, as long as there is a HIF

in a power system, the following results could be occurdng: energy was te,ftrehazard, power

supply intenuption and property damage. Especially, when a person contacts with an

energized conductor, as shown in Fig I ., it could cause injury or death. Therefore, generally

speaking, a high impedance fault presents a source of threat to a utility's customers and

personnel rather than to the integrity of the power system t 3 I t 4l.



1.1.2 Electrícal Efficts on the Human Body Due to Faults

It is known that the heart of the human body is very vulnerable to electrical current.

When a current flows through the human body, it can result in muscle contraction, heart

stoppage and skin bums. The effects depend on the amount of current, the length of time,

the resistance value of the skin and the current path. Since the human body's skin provides

a lesistance from 1.5 k-ohm to 5.0 k-ohm, when a person touches an energized power line,

the extent of injury could be diffelent in terms of the different skin resistance values [ 1 ].

Fig. I A Person Contøcts the Downed Power Line



1.1.3 V-I Characteristics of HIF

When HIF happens , it can persist for a long period of time because of the lack of a

detecting stlategy. HIF has a random arc behavior. Also, the V-I characteristic of aî arc

is entirely different from that of a metal conductor. Generally speaking, the V-I

characteristic across a conductor is a linear relationship, that is, the voltage across the

conductor is proportional to the current flowing through the conductor. The arcing feature

associated with downed power lines deviates from that of conductor-to-conductor faults,

or across the circuit breaker poles. Arcing in high impedance faults appears as a largely

resistive and nonlinear V- I characteristics as shown in Fig. 2.

E t--r!rlt Cu¡ìÈnl on Dry Soil o SourÈc Volîgc

ÉÞ

]l

2.5

1 .25

0

-2.5

x1o-3

Þ

E

200

100

o

-100

-200

O Fault Curent on Wct Soil o Sourcc Voltc8c

Fig. 2 V - I Characteristics of HIF on Dry and Wet Soil



1.1.4 Dfficulties wíth Detecting HIF

The protection of a primary distribution system is mainly accomplished by

conventional overcunent relays. Unfortunately, the fault current of HIF generally does not

show a large enough value to be detected by an overcunent relay. Thercfore, difficulties

appear when using this technique to detect HIF. While overcun.ent relays interrupt fault

curuents, they should not trip notmal emelgency loads like transient overclln'ents caused

by inrush events or load sulges. For this reason, the trip level must be set at a rclatively high

curlent value to avoid tripping during the normal operations. From a practical poirit of view,

the tdp level of an overcurrent relay is usually set to a value at 125-2000/o of maximum load

cunent[1].

Although the conventional ovelrurrent relays do detect a greatnumber of faults in

the distribution lines, they still do not detect many faults with low fault curuents in which

the magniftide of fault currents is in the range of ( 0 - 120 ) 7o of normal load currcnt; this

is illustrated as shown in Fig. 3.

r.2 Prevíous Reseurch Work ín Detecting High Impedance Faults

With the great efforts done by electrical engineers for detecting HIF, many detection

schemes have been proposed in the past few years.

1.2.1 Carr

Can did a theoretical analysis on a grounded - Y- connected systems. His scheme



Average Maximum Overcurrent
Load Current Load Cunent Settingwww

-r-
-\/ 

I CurrentLevel
V

High Impedance Fault Currrent
( Region Unprotected By Overcunent Relay )

Fig. 3 Reløtion of HIF Current to Overcurrent Reløy Setting

[ 5 ] was based on (1) combining neutral and ground cunent measurements, a proportional

relaying method in which three-phase unbalanced curuents are used for the detection of HIF,

(2) detecting power frequency harmonics, and (3) sensing sequence voltages at the load side

of the line. The negative sequence voltage is preferable to the zero sequence voltage, since

the former is less dependent on the zero sequence impedance which is closely related to the

grounding systems.

1.2.2 Aucoin and Russell

Aucoin and Russell have been playing a leading role in the detection of arcing high

impedance faults by using a harmonic components method. They proposed a HIF detection

method l6I t7l [ 8 ] based on the increase in a high frequency (2-10 kHz ) signal caused

by an arcing phenomenon. This high frequency component is due to continuous strikes in



the air gaps between the conductor and the surface of the material. Russell and others also

proposed a technique [ 9 ] in which burst noise signals near 60 Hz and low frequency

components caused by distorted fault cunents were used for the detection of high impedance

faults. Russell also pointed out that even-order components could be useftil for the detection

of arcing faults.

1.2.3 Jeerings ønd Linders

According to the results of theirresearch, Jeerings and Linders[ 10 ] t 11 I t 12 l

expressed the characteristics of HIF as being highly resistive and nonlinear ; as a result of

this, the currents of low-order harmonics of HIF will appear with current peaks coincident

with the voltage pealis. This characteristic is independent of any other single system

phenomenon. The third harmonic components of the fault cuuent and voltage were

separated from the fundamental and other harmonics. The phasor ratio was defined by the

voltage change to the current change and referred to as the sink impedance. The HIF could

be detected by the sink impedance . The normal power system current may contain third

hatmonic voltage and current as well, but the ratio of their changes is different from the one

for HIF.

1.2.4 Sultan and Swift

Sultan and Swift proposed an algorithm [ 13 ] in which they used Flicker and

Asymmetry to detect the arcing high impedance fault, since Flicker and Asymmetry are



obvious features of an arcing high impedance fault. The algorithm calculates one cycle of

notmal load cunent tms value as reference lrnts-ref, and then compares the rms values of

the following cycles. If any new value is sufficiently different from the refelence value,

Flicker and Asymmetry are calculated. If two continuous half cycle rms values of the

positive side or negative side are different and the differences are changing sign, " Flicker

" is defined. In each cycle, if the positive side rms value is diffelent from the negative side

tms value and the differences are changing sign comparing to next half cycle, "Asymmetry

" is defined. The algorithm showed quite satisfactory performance in identifying HIF as well

as discrimination against fault-like loads such as computer loads and some loads due to

abnormal events in power systems. One of the salient ideas [ 14 ] that they pointed out is

that the design of a reliable high impedance fault detector should include two aspects ; not

only dependability ( ability to trip when it should ) but also security ( ability to not trip when

it should not ), since most HIF detection schemes proposed so far have been tested for

dependability, but few have been tested for security.

They also proposed a HIF detection algorithm [ 15 ] which used an artificial neural

network, or simply a neural net ( NN ) 17 l. In the algorithm, a feed-forward three layer

network was trained by high impedance fault loads, fault-like loads and normal load cunent

patterns, using the back propagation training method. The algorithm was tested by tracing

normal load current disturbed by HIF currents on wet and dry soils, an arc welder, computers

and fluorescent lights. The investigation outcomes of the algorithm on these loads was able

to reach general solutions to the problems.



CHAPTER 2 ALGORITHM DESIGN

2.1 Using the R.M.S. Value of the Fault Current In the Algorithm

Since the waveform identification method is going to be used to detect high

impedance faults, the best way is to use half cycle fault current rms values to express Flicker

and Asymmetry concepts. In data acquisition ( discussed in Appendix B in detail ), the

sampling rate is set at32 sample-per-cycle, which is the rate applicable to many modem

practical microplocessor based lelays. For the discrete sampling values, the half cycle fault

current rms value should be;

,r*r: 
,/

I_x
t6

t6

2'f
i:l

Eq. 1

where z; is the jth sample of the current waveform.

2.2 Algorithm

In accordance with the characteristics of HIF waveforms obtained from the

experiments , it was found that there are three obvious features of the fault wavefoms:

Flicker, Asymmetly and Quarter Cycle Asymmetry. The following is a detailed explanation

of the algorithm.
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Fig.4 Fault Current Showing Flicker and Asymmetry

2.2.1 Flicker

We define Flicker as the degree to which the signal amplitude various elratically

from one cycle to the next.

Mathematically, the positive and negative I.r, values are compared in two

continuous cycles to determine Flicker. Here I.., is the half cycle fault curent rms value

as shown in Eq. i. In terms of Fig. 4 and Eq. 2, îtcan be seen that I¡¡¡r1¡1 means jth cycle

positive side half cycle current rms value and lrn,,r2¡1 means the same cycle but negative

value. On the positive waveform side:

ABS { ( I rmstt2l ) - ( Irmsitjl )} >= Cl*( Ir*r1¡U) AND

ABS{( Irmst[3] )-( I,mstt2l )]>= CI*(1,*s1¡21)AND

( Irmstt3l - Irmsl[2] )* ( Irmstt2l - Irmsitll ) < 0

o
IE
F
U

Eq. 2



where C1 is a constant which depends on experimental experience. Generally, C1 : ( 0.05

- 0.1 ).

For the negative wavefolm side, the same feature is required. If Eq. 2 holds for both

the sides of the waveform, then it is said that there is Flicker. The third part of the conditions

inEq.2 means that for each side of the waveform the differences in Ir*, are changing sign.

2.2.2 Asymmetry

The positive and negative I.n-,, values are compared in each cycle.

is Asymmetry. if

ABS{( Irmsr[t] )-( Irnts2trl )]>= C2* ( Irmst[r] )AND

ABS{( Irms2[t] )-( Irmstt2l )]>= C2* ( Irmst[2] )AND

( Irms2tll - Irmst[1] )"'( It'ms|t2l - Ir,rr2[]l ) < 0

It is said that there

Eq. 3

where C2 is also a constant which depends on expedmental experience. Here, the principal

for choosin g C2 is same as in Flicker.

2.2.3 Quarter Cycle Asymmetry

'When HlFhappens on relatively wet soil, the waveform as shown in Fig. 5, is almost

sinusoidal . This kind of fault is very hard to identify if only Flicker and Asymmetry are

used as indications of the fault. However, if the waveform is studied carefully, it can be

realized that there is a quarter cycle asymmetry feature on the wavefom. In fact, the quarter

10
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Fig. 5 Quørter Cycle Asymmetry For Decting Faalt OnWet Soil

cycle asymmetry characteristic appears on all HIF wavefolms obtained. Therefore, this

thesis proposes Quarter Cycle Asymmetry as one of the importantparts of the algorithm.

As seen fi'om Fig.5, in otder to use the Quarter Cycle Asymmetry algorithm it needs to

compale two quarter cycle sampled values for each half cycle, so the following group of

variables are def,ned;

Kl : ABS ( il - i16 ) K2: ABS (12 - iLs )

K3 : ABS (13 - ir4) K4: ABS ( i4 - i13 )

K7:ABS(i7-i10) K8:ABS(i8-i9) F,q.4

A second group of variables can be defined;

Dl:ABS (Kl -K2) D2:ABS (K3 -K4)

D3:ABS (Ks-K6) D4:ABS (K7-K8) Eq. 5

The two groups of variables will be used to calculate Quarter Cycle Asymmetry. It

ll



is extremely important to find the zero crossing point at the beginning of each half cycle;

otherwise, the algorithm will become useless. During data acquisition, there arc 16 samples

at each half cycle, but it is only a coincidence if the sampled data i7 and il6 are equal to

zero. For most cases, they are not zero, so interpolation has to be used to find the zero

crossing point in order to realize the algorithm properly.

2.2.3 Interpolatíon for Fínding Zero Point

When data arc rcad from the data file, if two adjacent data values are of opposite sign,

the actual zero crossing time can be calculated as follows:

Sampled Data CrosstngZero Point

Fí9. 6 Interpolation to Find the Zero Point

From Fig. 6, it is easy to derive that

^ 0 -i( t -Ar)Ò-:l ' 'lXA/"t-'i(t)-i.(t-ar)''\aL Eq'6

From Eq. 6, T0, the new time start point can be found

70 : ( t - Â r ) + ô, 
8q,.7

at t: T0, i (T0) : 0. Then from T0, the same time interval will still be used to get 15 more

L2



sample values of the cunent in order to get the constants K1,K2, . . . . , Dl ,D2,D3,D4. The

same strategy is continuously used to deal with the allzero crossing points no matter whether

the curve is starting at the rising edge or the falling edge. Now it is further defined:

j:4
S:I¿;

J:I
Eq.8

where Dj is defined in Eq. 5. For a sinusoidal waveform, S is much smaller than fol the

waveform of a fault on wet soil.

A sinusoidal wavefotm is symmetrical for each quarter cycle , so the sum S in Eq.8

for a fault on wet soil is obviously bigger than for the sinusoidal wavefolm. This

characteristic is used in the algorithm to check the dependability for a fault on wet soil, and

security for a sinusoidal waveform. As an indication of the Quarter Cycle Asymmetty, the

selection of sum S is 300olo of that for sum S for a sinusoidal waveform.

2.2.4 Algorithm Realization

In the algorithm, i 5000 samples are collected ( it will be discussed in detail later in

the data acquisition part in Appendix B) into adatafile. Then, three cycles of data are read

from the data file each time. Score_Flk, Score_Asym, Score_Quart are calculated using

Eq.i to Eq. 9 as indications of Flicker, Asymmetry, and Quarter Cycle Asymmetry

rcspectively. The sum of the scores are put into an integrator and when the output of the

integrator reaches a sufficient level, (set by experience), a trþ signal is generated. The

integrator output is expressed as follows :

13



Output_new: Output_old + Score_Flk + Score_Asym + Score_Quart Eq.9

There are strategies for choosing the ratios of the Score_Flk, Scole_Asym, and

Scole-Quart as parts of the Output. However, the main aim is that the algorithm should

perfotm dependably (ability to trip when it should ), and as well as be secure ( ability to not

trip when it should not ). Therefore, when all 15000 data points have been acquired , the

outputs should look like Fig. 7 and Fig. 8, in which the X-axis l€plesents time in seconds,

the Y-axis is cuuent, in arbitrary units.

14
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CHAPTER 3 TESTING AND RESULTS

3.1 Apparatus

3.1.1 Circuít Set-up

At the laboratory of the University of Manitoba, a circuit was set up as shown in

Fig. 9 to simulate a HIF in a power distribution system. The current is supplied by a 115 V

single phase voltage source and an isolation ûansformer is used to get rid of DC offset

voltage from the source.

Fig. 9 Schematic of Apparatus for Simulnting HIF

Isolation
Transþrmer RI R2

ãns >l
\J--\ ådrrsv 1

^l
Limiting
Resistors
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Linear
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ç Insulator,r +
Plate

Trip or
Alarm

Channel
Selector

I6



Resistors Ri and R2 are used to limit the HIF current level in order to protect the

AT-MIO-16 data acquisition board t 16 I inserted into a PC computer (see detail in

Appendix A) and the computer itself. A copper conductor touches the ground, which

consists of various kinds of soils contained in a conducting plate. The fault current passes

through a linear shunt lesistor to generate a voltage proportional to the fault cunent. Finally,

the voltage signal is taken to a scope, and the computer, to cany out data acquisition and

analysis.

3.1.2 Initializatíon of A High Impedance Fault

Before initiating a HIF, it has to to be ensured that all elements can withstand the

maximum possible current. Thereforc, the fault impedance was temporarily set to zero, to

get the worst case. The equivalent circuit for the experiment ( with soil impedance equal to

zero) is rcpresented in Fig. 10.

i(t)

Fí9. 10 Equivalent Circuit for Testing Security of Elements

The elements used in the circuit have the following parameters:

17



Isolation Transformer': its leakage reactance XtVo wouldbe 2o/o - 2.5Vo;

xt:o.oz3 r ttt=I^ttt : 1.oo (ohm)
300

Limiting Resistors: they are two 660W, I l5 V heaters, so it follows that

Rl : R2 : t" 
=\-=ttt 

: 2o.o (ohm)
660

Shunt Resistor: RL : 0.5 ( Ohm ), if only one heater is connected into the circuit, then

theimpedanceof thecircuit Z: R+ jXt, here R:Rl +RL:20.5 (ohm).

However, we are only interested in the magnitude of Z,hence,

zmin : I Rt . x? : 20.5 ( ohm )

Thus, the maximum rms value of the current is:

r _ v _ 115
¡max - Zmin 20.5 

5'61 ( A )

Since the transformer's normal working cunent is 300/110 about 2.73 
^, 

care must be taken

to monitor the current, and only allow this i007o overload for a short time. Normally, the soil

resistance will keep the cunent well below the transformer rating. From Fig. 9, the signal

being taken into the scope ( and the AT-MIO-i6 board ) is the voltage across the linear

resistor. Even under the extreme case, this voltage is only about 3 V which is certainly

safe because the voltage range of the scope is +/- 20V and the voltage range of the data

acquisition board is +/- 10 V.

t8



This initialization of a HIF consists of the closing the

equivalent circuit is shown in Fig. 10, except that there is

representing the soil resistance as shown in Fig. 11.

switch 'S' in Fig. 9. The

a nonlinear resistor , Rs ,

i(t)

<_

Fig. 11 Equivalent Circuit for Simuløting HIF

3.1.3 Sígnal Generatíon ol Computer und Sínusoidal Loads

As mentioned previously, any algorithm for detecting HIF should have two aspects:

dependability and security. In order to check the security of fault-like loads ( e.g. a computer

load) and for normal sinusoidal loads, proper signals must be generated. It is very easy to

get a sinusoidal signal from a signal generator, but for the computer load, a shunt resistor,

RL should be connected in series with a computer. Here, the computer becomes Rs of Fig.

11. The voltage across the linear resistor is taken into the scope and the working computer

through coaxial cables. The experimental setup is as shown in Fig.i2. The voltage across

RL can be adjusted by choosing RL with care, such that safe signals arc taken into the data

t9



acquisition equipment.

See Appendix B for details of the data acquisition procedure.

Fíg. 12 Schematic of Apparatus for Checking Security

GenercLtor
Channel
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Sinusoidal Load

Normal Loacl
No Trip
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3.2 Waveforms

Based on the circuits described, many waveforms were collected including faults

on wet soil, dry soil, grassy wet soil , and grassy dry soil fol a dependability check of the

algorithm. As a security check, sinusoidal and computer load waveforms were also

acquired. These waveforms are illustrated below.
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Fig. 13 Current Wøveþrms of Fault on Wet Soil
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From Fig. 13, for wet soil, it is obvious that only the Quarter Cycle Asymmetry part

of the algorithm explained in Chapter 2 will be effective.

3.2.2 Current Wøveform of Fault on Dry Soil

Wavefomr of HIF on Dry Soil(ferv cycles)

Flik,Âsynrn, Quarlasym

Time (s)

Waveform of HIF on Dry Soil(more cycles)

Flik, ¡.symm,Quil_asym
2

1

-1
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Time (s)

Fig. 14 Curcent Waveþrms of Fault on Dry Soil

In Fig. 14, for dry soil, Quarter Cycle Asymmehy is obviously present in the current

wavefotms. Flicker and Asymmetry are not as obvious. However, if the waveforms could

be observed carefully and the effect of the current's rms value be considercd as well, there
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could be some of all three: Flicker, Asymmetry, and Quarter Cycle Asymmetry.
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3.2.3 Current Waveþrm of Fault on Grassy Wet Soil
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Fig. 15 Current Waveþrms of Fault on Grassy Wet Soil

The waveforms in Fig. 15, for grassy wet soil are similar but not identical to the

waveforms of faults on wet soil . The above waveforms of Fig. i5 have more ripples than

those of faults on pure wet soil. However, Quarter Cycle Asymmetry is still a distinct

characteristic.
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3.2.4 Curcent Waveþrm of Fault on Grassy Dry Soil

Figure 16 shows fault cument waveforms for grassy dry soil. It is quite obvious that

all parts of the algorithm will be relevant.

HIF on Dry Grassy Soil ( ferv cycles)
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Fig. 16 Current Wøveþrms of Fault on Grassy Dry Soil

So far four different waveforms of HIF on different kinds of soil materials have been

shown. Many more waveforms were obtained than those shown here; however', Fig. 13 to

Fig. 16 are enough to illustrate the various types.
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3.2.5 Sínusoidal Current Waveform

It is necessary for us to use a sinusoidal wavefom in order to guarantee never to

trip under nomal conditions. Figure 17 shows this case.
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Fig. 17 Sinusoidal Cunent Waveþrm

3.2,6 Computer Load Current Waveþrm

Typical computer culrent waveforms are shown in Fig. i8. The algorithm must be

"secure" ( not trip ) for this kind of input. It can be easily seen that there are no Flicker and

Asymmetry. There are very slight Quarter Cycle Asymmetry characteristics appeadng on

irrirri
i \ i t\ / \i / \ i
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these waveforms; however, the S for calculating Quarter-Cycle Asymmetry in Eq.8 is

generally bigger than for this waveform.
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Fig. 18 Computer Load Curcent Wøveforms
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3.3 Use of aC++ Program to Realize the Algorithm

Currently, vadous program languages are being used in electrical engineering areas.

The question is which one is better to use to realize the algorithm. Due to the demands of

HIF detection, many 'objects' have to be dealt with, such as data acquisition, data

processing, rcal time display, calculation, detection and conhol. Ithas been concluded that

Ilì, I i

i . rl
!
I

I
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the C or C++ [ 21 I l22l programming language is the best one to use.

3.3.1 C++ Program Based on the DOS System

C and C++ are very similar languages in general use, but C++ is more powerful when

the program becomes large. C++ has two distinct functions C does not have,

1 ) Object oriented plogramming ability.

2) Very easy ûansfer to a Windows pl'ogram, since all Windows pl'ograms coming

with the AT-MIO-I6 data acquisition board are written in C++ .

This research project deals with several aspects, such as data acquisition, data

processing, data files translation from one environment to another environment, algorithm

rcahzation, graphic display of the rcsults on the screen, and so on. Therefore, C++ and a

Windows program will be the fînal goal.

The program has too many details and techniques to explain here. The flowchart is

shown in Fig. 19. For details of the program, see Appendix C.
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Fig. 19 Flowchart of C++ Progrøm for Detecting HIF Based on DOS
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3.3.2 Testing Results and Analysis for Dffirent Waveforms

A facsimile of a test result for a HIFLL wavefom is shown in the Fig. 8. For the

computer load wavefotms, the results always stay the same. Figure 20 illustrates these .

There ¿'s No High Impedance Fault

Outputs of HIFLL Waveþrms
with or without DC Offset

I
.-.-

Trip Level

./ -¿
O u tp u t s orllår S o i d al w av-e; :xi th DCe,ffie t

-?---¿'- -?/--- ¿--'r'
--J 

-¿¿-r---'- .+-eâ?- Outputs of HIFLL loads3,4'-¿---

4567
Time ( seconds )

Fig. 20 Outputs of Stnusoidal and Computer Loads

1211l0
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Generally speaking, the outputs of sinusoidal and computer load waveforms through

the algorithm should always appear as a flat straight line ( see curves 3,4 above) .

Incidentally, a dc offset in an otherwise sinusoidal input was a convenient check of

"Asymmetry": curves I and2 of Fig.20.

The computer load waveform, because it is symmetrical and periodic, will always

give excellent output results( i.e."no trip"). Hence, the most important conclusion is that

the algorithm and program are secure for the HIFLL at least within ttre range considered.

Returning to the dependability of the algorithm and program for HIF: from Fig. 21,

iican be seen that the algorìthm and program worh very well for detecting HIF on wet, dry,

grassy wet, and grassy dry soils. In Fig. 2I, the four output results could vary slightly

depending on random voids within the soils and the extent of the moisture of the soils. Of

course, it is impossible to show all the results here, but the algorithm and program have

indeed worked well in detecting HIF cases for these kinds of soils. Therefore, the final

conclusion is that the algorithm and program have satisfied dependability for HIF cases and

security for HIFLL cases.

Even though quite satisfactory results have been achieved , the research still needs

more improvements. During the data acquisition procedure, there were too many manual

operations required making the procedure unsuitable for automatic control and protection

in power systems. In addition, the outputs based on DOS systems can only be displayed on

one screen at a time. This is not convenient from the customer's point of view. To solve this

problem, a Windows program is a good answer. Fortunately, the program developed was

written by C++ and could be easily transfered to Windows.
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CHAPTER 4 WINDOWS DESIGN AND OPERATION FOR REAL

TIME PROTECTION

4.1 Windows Program Stqtement

Currently, with the development of computer technology, Windows programs are

becoming more and more popular'. It is known that a computer program based on either'

DOS or UNIX systems can be reached by using a mouse to click the appropriate button in

a Windows display. However, the reason for using a true Windows program here to realize

HIF detection is not only because of its popularity, but also its ease of use. As mentioned

previously, the program wdtten in C++ has already been developed. A program written in

C++ is easily transferred to a Windows program. C++ is also object oriented. It is very

suitable for this research project because each problem in the research project can be

considered as an individual object model. The interfaces between them can be finished at

a later time. In tetms of the Windows plogram, each object can be considered as a different

window or button. In addition, a Windows program is considerably more convenient than

one based on DOS. A program based on DOS has only one screen as an output device.

If different screens arc required, different programs have to be run several times. In contrast

to DOS, by clicking the buttons using the mouse, many windows can be opened at the same

time.

32



Another important reason for using the Windows program is the AT-MIO- 1 6 board

requirements. Much of the software that comes with the board is written for MS-Windows

in C++, some of which can can'y out data acquisition continuously. Connecting the C++

program based on DOS to the board softwarc in order to reahze the real time detection and

control is an easier way to do the project.

Since the Windows programming [ 14 ], [ 15 ], [ 16 ] took considerable time, it is

impractical to explain the details here . The Windows program is included in Appendix C.

Only the results of the Windows design which relate to the HIF and HIFLL analysis will be

shown in the following sections.

4.2 Main Wíndows Design

In a Windows program, there are two kinds of windows. One is called the parent

window or main window, and the other is called the child window. The parent window does

the main job and in the meantime, it can talk to its child windows, control them or be

controlled by them.

4.2.1 Signal Acquísitíon Wíndow Design

In the Windows program, two main windows have been designed . One is a signal

acquisition window whose firnctions include data acquisition, data processing, and

displaying the real time signal on the window screen. This window should be used together

with an oscilloscope in order to make sure that the signal waveform is being captured

correctly. The acquisition window as shown n Fig. 22 has a child window called

"Acquisition". As a matter of fact, the child window is only a button. If the signal being
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shown on the scope is needed, it can be acquired using the mouse to click the "Acquisition"

button. The acquisition window program will start to work, performing data acquisition,

processing the data, and then displaying the wavefonn on the screen. In Fig. 22, on the top

bar of the window there is a title "HIF detector " meaning the HIF analysis is in process.

The title will also appear on another main windows design called algorithm output analysis

window, which is to be discussed in the next topic. In Fig. 22, the X-axis rcprcsents time

in seconds, the Y-axis is current, in arbitrary units.

Fig. 22 Signal Acquisition Window Design

On the windows screen, there are only two cycles shown. Many cycles may be

displayed if desired.

working mode

O continuous

O intermittent

Signalvs. Time Plot

Time (s)
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4.2.2 Algorithm Output Analysís Window Design

Fig. 23 Algorithm Output Analysis Window Design

This window inFig.23 is themostimportantone among thedesigned windows, since
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look like what Fig. 24 shows. Otherwise, for HIFLL, the results will appear as shown in

Fig. 24 Window Outputs of HIF

Fig.25, the only difference with Fig. 24beingthe outputcurve and the Alarm Status, which

will be in an off state representing a zero-volt output.
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Fig. 25 Window Outputs of HIFLL
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4.3 Chíld's Wíndow Desígn

4.3.1 Working Mode Windows Design

In Fig. 23, therc is a child window called "WorkÍng Mode" window in which there

are two selections: Continuous and Intermittent.

In the intermittent mode, when the Execute button is selected, the proglam proceeds

with data processing, algorithm realization, and display of ontpnt results. The Windows

program is much more convienent than a DOS plogram. In the DOS system, too many

manual operations are required.

For a power systems field installation, the HIF detection must work continuously

and automatically. This is the continuous mode.

When the Continuous button is clicked, the Windows program will operate

continuously and repeat the whole procedure mentioned above every 20 seconds until the

button Esc is hit.

4.3.2 Threshold Level and Alarm Windows Desígn

Assuming it is in the continuous state, as in Fig. 23, there is a Threshold Level child

window and a vertical bar beside the window. In the bar, there is a button alongside a number

which can be moved by the mouse. The setting is in the range of 0 - 400 (arbitrary units).

The Threshold Level is shown as 150. As previously explained , the setting of the

Threshold Level really depends on experience, but it is very important that the output of
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HIF should always reach this level while the output of HIFLL should not.

The function of the Alarm Status child window is to transmit an extemal signal and

give a warning to operators when there is a HIF. The Alarm Status is in the off state before

the computer runs. When the dynamic output on the window screen reaches the Threshold

Level , the Alarm Status changes to the on state automatically. At the same time, the

sentence There is High Impedance Fault appears on the window as shown in Fig. 24. Tlne

status will stay in the on state until the whole procedurc finishes ( about 7- 10 seconds ).

When the next procedure starts, the Alarm Status will be reset to the off state again

automatically and the sentence There is High Impedance Fault disappears. Then the whole

procedure will be rcpeated. Of course, if the output can not reach the Threshold Level ,

the Alarm Status will stay in the off state as shown in Fig. 25. The on or off state can also

be manually conholled by clicking the button Alarm in order to check the alarm output

function. Whenever Alarm Status is in the on state as shown on Fig. 24, a 5Y signal is

sent through the output channel of the channel selector. Otherwise, the output is zero as

shown in Fig. 25. The signal could be used to trip a breaker, turn on a light, make a sound

through an alarm or whatever the engineer chooses.

4.4 Real Time Detection and Automatic Control

From a power systems perspective, it is acceptable for a high impedance fault to

persist for a relatively long time , possibly around half an hour. Since it only takes 20 seconds

for the Windows program to cany out the whole detection procedure, the result meets the
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requirement of real time detection. In addition, when the Windows program is running in

the continuous state, it sends a 5V or 0V output signal every 20 seconds. This signal can

be used for various automatic control purposes depending on customers' preference.
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CHAPTER 5 RESULTS AND ANALYSß FOR WINDOWS OUTPATS

All the results that have been acquired from the Windows program are similar to

those shown in Fig. 24 andFig.25. ForHIF, some results which are shown could be slightly

different from those in Fig. 24, depending on the soil features and random characteristics

in the HIF. However, the results almost always reach the threshold level as expected. For

HIFLL, some results occasionally go up a bit higher than the horizontal line as shown in

Fig.24. This could be caused by fluctuation in the power supply, unstable operation of the

signal generator(sinusoidal signal with dc offset) or some other magnetic fîeld disturbances.

However, the outputs of the windows program for HIFLL almost never reach the threshold

level. This is the goal which is expected.

5J Windows Outputs for Sinusoídal Wøveþrms wíth Different DC Offsets

As mentioned previously, incidentally, a dc offset in an otherwise sinusoidal input

is a convenient check of "Asymmetly". Such a waveform is shown as follows.

5.1.1 Windows Outputfor an ldeal SinusoidøllYaveform

For an ideal sinusoidal wavefom as shown in Fig. 26, the windows output of the

algorithm is shown nFig.27.
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Fig.26 An ldeal SinusoìdalWaveþrm

Fí9.27 Windows Output of an ldeal SinusoidalWaveform
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5.1.2 Windows Output of SinusoidalWaveþrm with DC Offset

From Fig. 28 and Fig. 29 , the windows output goos up because of Asymmetry of the

waveform.

Fig.28 SinusoidalWaveþrrn with DC offset

Fig.29 Wíndows Output of SinusoidalWaveþrm with DC Offset
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5.2 Windows Output of a Typical Computer Current Load

Since there are no Flicker, Asymmetry, and Quarter Cycle features on the computer

waveform as shown in Fig. 30, the windows output is secure as shown in Fig. 31.

Fig. 30 A Typical Computer Current Waveþrm

Fig.31 Windows Outputfor a Computer CurrentWøveþrm
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5.3 Windows Outputs of Faults onWet Soil

As explained previously, the Quarter-Cycle Asymmefty part of the algorithm will

be effective, the waveform and windows output ar.e shown as in Fig. 32 andFig. 33.

Fig. 32 Current Waveform of Fault on Wet Soíl-I

Fíg.33 Windows Output of Fault onWet Soíl-I
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Figure 34 and Figure 35 show a different case of fault on wet soil: fault current

wavefotm and windows output respectively. The result is similar to the previous one.

Fig. 34 Current Waveþrm of Fault on Wet soil-2

Fig.35 Windows Output of Fault on Wet Soíl-2
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5.4 Wíndows Oatputs of Føults on Dry Soil

As expected, these outputs reach the threshold level faster than those of faults on wet

soil, since three parts of the algorithm are effective. Figure 36 to Figure 39 show two

examples.

Fig.36 CurrentWaveþrm of Fault on Dry Soil-I

Fig. 37 Windows Output of Fault on Dry Soil-I
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Fig.38 CurrentWaveþrm of Fault on Dry Soil-2

Fig. 39 Windows Output of Fault on Dry Soil-2
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5.5 Windows Outputs of Faults on Grassy Wet Soil

In general, current waveforms of faults on grassy

those on pure wet soil. Quarter Cycle Asymmetry is still

faults. Figures 40 to 43, which are in following two pages,

works very well in identifying faults on grassy wet soil

wet soil have more ripples than

an obvious characteristic of the

show thatthe Windows program

as well as on pure wet soil.
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Fig. 40 Curuent Waveþrm of Fault on Grassy Wet Soil-I

Fig.4I Windows Output of Føult on Grassy Wet SoiI-I
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Fí9. 42 Current Waveform of Fault on Grøssy Wet Soil-2

Fig.43 Windows Output of Fault on Grassy Wet Soil-2
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5.6 Windows Outputs of Faults on Grassy Dry Soil

Finally, Figures 44 to 4l show the performances of the Windows program when

faults happen on grassy dry soil. Obviously, the results are satisfactory.

Fig.44 CurrentWaveþrm of Fault on Grassy Dry Soíl-1

Fig.45 Windows Output of Fault on Grøssy Dry Soil-I
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Slgnal vs- T¡me Plot

Tlme (s)

Fig.46 CurrentWaveþrm of Fault on Grassy Dry Soil-2

Fí9. 47 Wíndows Output of Fault on Grassy Dry Soil-2
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CHAPTER 6 CONCLUSrcNS AND FUTURE WORK

6.1. Evaluation of the Círcuit, Algorithm and Program

A HIF simulation circuit was set up in the laboratory at the University of Manitoba.

The fault current proved to be a credible fault current source for simulating HIF in a power

distribution system since the fault current waveforms showed largely resistive and nonlinear

V-I charactedstics.

The algorithm proposed for detecting HIF includes thrce parts: Flicker, Asymmetry

and Quarter-Cycle Asymmetry as indications of fault current waveforms. This algorithm

performed well in identifying the characteristics of the HIF. It guaranteed dependability

( ability to trip when it should ) when detecting high impedance faults. In addition, for loads

similar to high impedance faults ( HIFLL ), it also gave quite satisfactory results when

checking security ( ability to not trip when it should not ).

In terms of the circuit and the algorithm, a DOS based program was written using

C++ language to realize the algorithm. All the results showed good performance on both

HIF and HIFLL, meaning the program matched the algorithm. Due to having too many

manual operations needed during the data acquisition procedure and the lack of automatic

control ability, the program needed to be improved.
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6.2. Advantages of Usíng Wíndows Program

To overcome the disadvantages already mentioned, the program based on DOS was

developed into a Windows program.

The Windows program, the data acquisition board, and the software together make

up the High Impedance Fault Detector. Besides dependability and security, the Detector

has the following advantages ovel the program which was developed based on DOS :

1. It can run intermittently and continuously. It is very convenient for customers to

use.

2. ln the Intermittent working mode, it can send 15000 data points to the Windows

program which makes the final decision and sends a signal out to lepresent either trip or no

trip.

3. In the Continuous working mode, the detector can run continuously and

automatically. Every 20 seconds, it will repeat the whole procedure and send either a five-

volt or zero-volt signal out according to a fault or no fault situation. It will continuously run

forever until terminated by the operator.

With the development of computer technology, the detector could be improved

further totally depending on the customers' requirements and how deeply the customers

want to investigate the area in detecting HIF.
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6.3. Future Work

6.3.1. Securíty Checkfor Fluorescent Light Loads

It is known, a fluorescent light load should be considered as a nomal load. The

HIF detector should definitely not trip this kind of load . As explained by Sultan [ 1 ], a

fluorescent load has a nonlinear V- t characteristic. tt witt be necessary to check the

detector to guarantee security for this load in future.

6.3.2. Field Test

For various reasons, the detector has notbeen tested in the field. To work practically

as expected, it should be first installed onto a power distrjbution line system to field test.
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APPENDIX A

NI-DAQ AT-MIO-16 Board and lts Specífications

This section descdbes the AT-MIO-i6; lists the contents of the AT-MIO-16

describes the optional software and equipment; and explains how to unpack

AT_MIO-16.

1. About the AT-MIO-16

The AT-MIO-I6 is a high-performance, software-configurable lZ-bitDAQ board

for laboratory, test and measulement, and data acquisition and control applications. The

board perfotms high-accuracy measurements with high-speed sottling to 12 bits, noise as

low as 0,1 LSBnns, and a typical DNL of +/-0,5 LSB. Because of its FIFOs and dual

-channel DMA, the AT-MIO-i6 can achieve high performance. even when used in

environments that may have long intenupt latencies such as Windows.

A common problem with DAQ boards is that you can not easily synchronize seveial

measurement functions to a common trigger or timing event. The AT-MIO-16 has the Real

Time System Integration ( RTSI ) bus to solve this problem. The RTSI bus consists of our

custom RTSI bus interface chip and a ribbon cable to route timing and trigger signals

between several functions on one or DAQ boards in your PC.

The AT-MIO-16 can interface to the Signal Conditioning Extensions for

Instrumentation ( SCXI ) system so that you can acquire over 3000 analog signals from

kir;

the
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thermocouples, RTDs, strain gauges, voltage sources, and current sources. You can also

acquire or generate digital signals for communication and control. SCXI is the

instrumentation front-end for plug-in DAQ boards.

2. What the Kit Should Contain

Two versions of the AT-MIO-I6 are avalLable -one version for each of two gain

ranges. The AT-MIO-I6L ( L stands forlow-level signals ). The AT-MIO-16H ( H stands

for high-level signals ) has software-programmable gain settings of I, 2, 4, and 8 for

high-level analog input signals. The AT-MIO-16 (Ll}{ ) -9 contains an ADC with a 9

micro second conversion time. The AT-MIO-I6 (LlH ) -9 is capable of data acquisition

rates of up to 100 kHz.

Each version of the AT-MIO-16 board has a different part number and kit part

number, listed as follows.

Kit
Name

KIt part Number Kit Component
Board
Part
Number

AT-MIO-I6L_9

AT_MIO_I6H_9

77625-01

17625-tr

AT-MIO-16L-9 Board

AT-MIO-16H-9 Board

180705-0i

180705-1 i

The board partnumber is printed on your board along the top edge on the component

side. You can identify which version of the AT-MIO-16 board you have by looking up the

part number in the preceding table.

In addition to the board, each version of the AT-MIO-16 kit contains the following

components.
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Kit Component Part Number

AT-MIO-16 User Manual

NI-DAQ software For PC components, with manuals
NI-DAQ Software User Manual for PC Compatibles
NI-DAQ Function Reference Manual for PC Compatibles

320416-0r

176250-01
320498-0r
320499-0t

Detailed specifications of the At-MIO-i6 ar.e listed in Specifications.

3. Software programming Choices

Thete are four options to choose from when programming your National Instruments

Plug-in data acquisition board and SXCI hardware.

4. LabVIEW and LabWindows Applications Software

LabVIEW and LabWindows are innovative program developmentsoftware package

for data acquisition and control applications. LabVIEW uses graphical programming,

whereas LabWindows enhances traditional programming languages. Both packages include

extensive libraries for data acquisition, instrument control, data analysis, and graphical data

presentation.

LabVIEW cumently runs on three different platforms-AT/MC/EISA computers

running Microsoft Windows, the Macintosh platform, and the Sun SPARC station platform.

LabVIEW features interactive graphics, a state-of-the-art user interface, and a powerful

graphical programming language. The LabVIETV Data Acquisition VI Library, a series of

VIs forusing LabVIEW with National Instruments boards, is included with LabVIEW. The
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LabVIEW Data Acquisition VI Libraries are functionally equivalent to the NI-DAQ

software.

LabWindows has two versions-LabWindows for DOS is for use on PCs running

DOS, and LabWindows/CVl is for use on PCs running Windows and Sun SPARC stations.

LabWindows /CVI features interactive graphics, a state-of-the-art user interface, and uses

the ANSI standard C programming language. The LabWindows Data Acquisition Library,

a series of ftinctions for using LabWindows for DOS and LabWindows with National

Instruments Boards, is included with LabV/indows for DOS and LabWindows /CVI. The
l'

LabWindows Data Acquisition libraries are functionally equivalent to the NI-DAQ

software.

Using LabWindows orLabWindows software will greatly diminish the development

time for your data acquisition and control application. Part numbers for these software

products are as follows:

Software Part Number

LabVIEW for Windows
LabVIEW for Macintosh
LabVIEW for Sun
LabWindows for DOS
LabWindows/CVl for Windows
LabWindows/CVl For Sun

116670_i0r
t7614r-0r
77668W0r
776415-0r
776800-01
776820-03r

5. NI-DAQ Driver Software
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The NI-DAQ Driver software has an extensive library of functions that you can call

from your application programming environment. These functions include routines for

analog input ( A/D conversion ), buffered data acquisition ( high-speed A/D conversion ),

analog output ( D/A conversion ), waveform generation, digital I/O, counter/timer

opelations, SCXI, RTSI, selfcalibration, messaging, and acquiring data to extended

memory.

The NI-DAQ also internally addresses many of the complex issues between the

computer and the plug-in board such as programming intenupts and DMA controllers.

NI-DAQ maintains a consistent software interface among its different versions so that you

can change platforms with minimal modifications to your code. The following block

diagram illustrates the relationship between NI-DAQ and LabVIEW and LabWindows.

You can see that the data acquisition parts of LabVIEW and LabWindows are functionally

equivalent to the NI-DAQ softwarc.

The National Instruments PC, AT, and MC Series data acquisition boards are

packaged with NI-DAQ software for PC compatibles. NI-DAQ software for PC

compatibles comes with language interfaces for Professional BASIC, Turbo Pascal, Turbo

C, Turbo C++, Borland C++, and Microsoft C for DOS; And Visual Basic, Turbo Pascal,

Microsoft C with SDK, and Borland C++ for Windows. You can use your AT-MIO-16,

together with other PC, AI, and MC Series data acquisition Boards and SCXI hardware, with

NI-DAQ software for PC compatibles.
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Conventional

Programming
Environmental
( PC, Macintosh or
Sun SPARCstation

LabVIEW
( PC, Macintosh

or
Sun SPARCstation
)

LabWindows

( PC or Sun
SPARCstation )

\f^r'
I NI-DAQ I

I uriuer Soft- |I *ur" I,t-\
Data Acquisition

Boards or
SCXI Hardware

<>
Personal Com-
puter

or
Workstation

The National Instruments NB Series data Acquisition Boards are packaged with

NI-DAQ software for Macintosh. NI-DAQ software for Macintosh comers with language

interfaces for MPWC, THINK C, Pascal, and Microsoft QuickBASIC. Any Language that

uses Device Manager Toolbox calls can access NI-DAQ software for Macintosh. You can

use NB Series data acquisition Boards and SCXI hardware with NI-DAQ software for

Macintosh.

The National Instruments SB Series data acquisition Boards are packaged with

NI-DAQ software for Sun, which comes with a language interface for ANSIC.

6, Register-Level Programmíng

The final option for programming any National Instruments data acquisition

hardware is to write register-level software. Writing register-level programming software

can be very time consuming and inefficient, and is not recommended for most users. The
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only users who should consider writing register-level software should meet at least one of

the following criteria:

* National Instruments does not support your operating system or programming

language.

+ You al'e an experienced register-level programmer who is more comfortable

writing youl' own register-level software.

Even if you are an experienced register-level programmer, consider using NI-DAQ,

LAbVIEW, ol LabWindows to program your National Instruments data acquisition

hardware. Using the NI-DAQ, LabVIEW, or LabWindows software is easier than, is as

flexible as, and can save weeks of development time over register-level programming.

The AT-MIO-16 User Manual contains complete instructions for programming

your data acquisition board with NI_DAQ, LabVIEW, or LabWindows. If you are using

NI-DAQ, LabVIEW or LabWindows to control your board, you should not need the

register-level programmer manual. The AT-MIO-i6 Register-Level Programmer Manual

contains programming details, such as register maps, bit descriptions, and register

programming hints that you will need only forregister-level programming. Some hardware

user manuals include register map description s and register progr¿rmming hints.

7. Unpackíng

Your AT-MIO-16 boards is shipped in an antistatic package to prevent electrostatic

damage to the board. Electrostatic discharge can damage several components on the board.

To avoid such damage in handling the board, take the following precautions:

* Touch the antistatic package to a metal part of your computer chassis before
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removing the board from the package.

* Remove the board from the package and inspect the board for loose components

or any other sign of damage. Notify National Instruments if the board appears damaged in

any way. Do not install a damaged board into your computer.

8. AT-MIO-16 Specifications

This part lists the specifications for the AT-MIO-16. These specifications are

typical at25 degree C unless otherwise noted.

Analog Input

Input Characteristics

Number of channels 16 single-ended or 8 differential,

Type of ADC

Resolution

Max sampling rate

Input signal ranges

AT-MIO-i6H and AT-MIO- 16DH

AT-MIO-16L and AT-MIO-I6DL

Input coupling

Max V/orking voltage ( signal

+ common mode )

jumper-selectable

Sampling, successive approximation

12 bits, I in 4096

100 KS/s

DC

Each input should remain within 12 V

of AIGND
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Board Gain

( Software
Selectable

)

Board Range
( Jumper Selectable )

+l- l0Y +l- 5Y 0to10 V

+/- 10 V
+/-5V
+l-2.5 Y
+l- 1.25 Y

+/-5V
+l-2.5Y
+/- 1.25 Y
+/- 0.63 V

0to10V
0to5V
0to2.5V
0 to 1.25V

Board Gain

( Software
Selectable

)

Board Range
( Jumper Selectable )

+/- 10 V +l- 5Y 0to10 V

I
10

100
500

+/- 10 V
+l-IY
+/- 0.1 V
+l- 0.02Y

+/-5V
+/- 0.5 V
+/- 0.05 V
+/- 0.01 V

0to10V
0to1V
0 to 0.01 V
0 to 0.02 V

Overvoltage protection +/- 35 V powered on, +/- 20 V powered

Inputs protected

FIFO buffer size

Data tansfers

DMA modes

Thansfer Characteristics

off

ACH < 0..15 >

16 samples

DMA, interrupts, programmed I/O

Demand
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Relative accuracy +l-0.9 LSB typical, +l-I.5 LSB max

DNL +/-0.50 LSB typical, +l-0.95 LSB max

No missing codes i2 bits, guaranteed

Offset error

Pregain error after calibration +l-2.44 Micro V ( -L board )

Pregain eror before calibration +/-153 Micro V ( -H board )

Postgain euor after calibration +l-1.22 mV max

Postgain enor before calibration +/-85 V max

Gain error ( relative to caliblation reference )

After calibration

Before calibration

Gain :! I with gain error adjusted to 0

at gain : 1

Amplifier Characteristics

Input impedance

Input bias cument

Input offset current

CMRR

Dynamic Characteristics

Bandwith

Small signal ( -3 dB )

Settling time to full-scale step

0.02447o of reading (244 ppm ) max

0.857o of reading ( 8500 ppm ) max

0.027o of reading ( 200 ppm ) max

1 G Ohm in parallel wittr 50 pF

+l-25 nA,

+/-15 nA
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Gain CMRR
DC to 100H2

I
10
100

75 dB
95 dB
105 dB

650 kIJz@ gain =1

Gain Accuracy

+l- 0.024Vo
(+l-l LSB )

+l- 0.0l2%o
( +/- 0.0LSB)

<: 10

100
500

i0 Micro s

14 Micro s

47 Micro s

10 Micro s

14 Micro s

50 Micro s

System noise ( including quantization enor )

Gain 20 V Range 10 V Range

<: 10

100
500

0.10 LSB rms
0.15 LSB rms
0.30 LSB rms

0.20 LSB ms
0.20 LSB rms
0.40 LSB ms

Slew rate 5.0 V/micro second

Stability

Recommended warm-up time 15 min

Offset temperature coefficient
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Analog Output

Output Characteristics

Number of channels

Resolution

Max update rate

Type of DAC

Data transfers

T[ansfer Characteristics

Pregain

Postgain

Onboard calibration reference

Level

Temperature coefficient

Long-term stability

6 micro V/C degree

160 micro V/C degree

2.5Y +l- 10 mV

l0 ppm/C degree max

20 ppm/1000 hr

2 voltage

l2bits,l n 4096

250 KS/s

Double-buffered, mulitiplying

Interrupts, programmed I/O

+/-0.25 LSB typical, +/-0.5 LSB max

+/-0.50 LSB typical, +/-1.0 LSB max

+l-0.2 LSB typical, +/-1.0 LSB max

12 bits guaranteed

Relative accuracy ( INL )

Bipolar range

Unipolar range

DNL

Monotonicity

Offset error

After calibration
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Ranges

Output coupling

Output impedance

Curent drive

Protection

Power'-on state

External reference input

Range

Overvoltage protection

Input impedance

. Dynamic Characteristics

Before calibration

Gain error ( relative to internal reference )

Aftel calibration

Before calibration

Voltage Output

+l- 64 mV max

+/-0.0177o of reading (170 ppm) max

+l-0.777o of reading (7700 ppm ) max

+/-l0V 0-10V, jumper selectable

DC

<:0.2 Ohm

+/-2 mA max

Short-circuit protection

Undetermined

+/-10V

+/-25Y powered on

11 KOhm

4 micro second for a20 V step

30V/micro S

1 mV rms, DC to 1 MHz

8VO

TTL

Settling time to 0.024% FSR

Slew rate

Noise

Digitøl IIO

Number of channels

Compatibility
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Digital logic Levels

Power on state

Data transfers

Timing IlO

Number of channels

Resolution

counter/timers

Frequency scalers

Compatibility

Base clocks available

Base clock accuracy

Max source frequency

Min source pulse duration

Configured as input

Programmed VO

3 counters/timers, 1 frequency scalers

i6 bits

4 bits

TTL, pulled high wiflt 4.7 Ohm resistors

lMHz, 100kHz, 10 kHz, lkHz,l00Hz

+l-0.0lVo

6.897 MHz

70 ns

Level Min Max

Input low voltage
Input high voltage
Input low current
(Vin:0.4 V )
Input high current
( Vin:2.1V )

OV
2Y

0.8 v
6V

-20 micro A

20 micro A

Output low voltage
( Iout = 24 A)
Output high voltage
( Iout : -2.6 A) 2.4V

0.5 v
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Min date pulse duration

Data transfers

Triggers

Digital Ttigger

Compatibility

Response

Pulse width

RTSI

Triggers

Bus Interface

Power requírement

+5 VDC ( +l-57o )

Physical

Dimensions

VO connector

Form factor

Envíronment

Operating temperature

Storage temperafure

Relative humidity

145 ns

Programmed I/O

TTL

Falling edge

50 ns min

7

Slave

1.6 A

13.3by 3.9 n. (33.782 by 9.906 cm)

50-pin male ribbon connector

AT

0 to 70 C degree

-55 to 150 C degree

57o to 907o noncondensing
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Appendix B.

Data Acquísition and Fíles Translation

I Datu Acquísition

This section is an overview of the data acquisition procedure using the National

Instruments AT-MIO- l6 board and the Lotus I-2-3 data acquisition software package. For

detailed descriptions and procedures on using the menu items in the Data Acquisition

Module, consult Chapter 4 of 'DataAcquisition Module Command Reference' t 17 I . The

procedure for using the software package includes the following steps:

l) To Load the Data Acquisition Module

Befote using the Data Acquisition Module, make sure 1-2-3 is loaded with the data

acquisition driver added to the current driver set. Follow the steps listed in ' Installing and

Starting the Data Acquisition Module '[ 18 ] . Press t ALT l- FS to display the Data

Acquisition main menu.

2) To Set up an Experiment

Begin setting up the experiment, by selecting ID Settings. Use the ID Settings menus

to specify where the data comes from( the inpuloutput I/O channels ), where to place or read

data in the 1-2-3 worksheet, and how to convert the data. Then, go to the Stage-Settings

menus to indicate the conditions under which data is to be collected or sent. It includes the

acquisition rate and how much data to acquire or send.
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3) To Enter Data VO Information

An ID identifies the source of data VO. To create an ID, select ID Settings followed

by ID. Enteran IDname. Enterthe typeof theID(analog-in,digital-in,binary-in, counter,

analog - out, digital - out, binary - out ), the board, and the channel to associate with. Use

the Range menu item to indicate where in the l-2-3 worksheet to place or read data from

the ID. Use Formula to specify a conversion formula for the ID.

4) To Test Data Input

First, select Observe. On the observe screen, data values appear and chänge as you

vary the input. You can compare the raw data values to a known input to determine a

conversion fotmula for each ID. If you associate a formula with an ID, the converted values

appear in the Observe screen.

5) To Set Stages

After you specify the active ID and the l-2-3 worksheet range where to place or read

data, switch to the Stage-Settings Sheet. There are three different stages you can set for a

data acquisition session. Each stage has an individual set of data IlO, a sample rate, an

amount and a trigger. In each of the stages you want to use, select the IDs from which to

collect or send data. Then enter a sampling rate and the number of samples to acquire or send

during each stage. The Data Acquisition Module collects or sends samples from the

designated IDs at the specified rate until the correct number of samples is acquired or sent.

Use the Trigger menu item to enter a trigger to start each stage.

6) To Start the Data Acquisition

Select Go from the Data Acquisition Module main menu to start the data acquisition.
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The data is placed in the I-2-3 worksheet. Once data is collected, leave the Data Acquisition

Module by selecting Quit.

7) To Save Settings and Data

Save the settings by selecting Name from either the ID - Settings or Stage - Settings

menus, choose a name for the worksheet you want to save the data file in and then it is ready

to be used later. Now, the data is on the worksheet. The data format must next be considered.

2. Translation ol Worksheet Data File to DOS File

Suppose everybody aheady understands the lotus 1-2-3 worksheet. There have

been 15000 data items in the data acquisition worksheet as shown in Fig. 48, the worksheet

data file should be translated into a suitable DOS file with which it is possible for us to use

a C program for further analysis. It should be understood that the worksheet illustrated in

Fig. 48 is a special worksheet for data acquisition which uses the 'National lnstrument

Software Package' Meøsureforlotus I-2-3 t i9l. If the worksheetcouldbe changed into

a Lotusl-2-3 worksheet, it would be easily translated into a DOS file. It was found that

the following steps will do the translation of the file.

1) Quit Data Acquisition worksheet and enter the Lotus I-2-3 maih menu.

2) Type Print , File. From the File list, select the name in which the data file was

saved. Type Replace.

3) Type Range , lnput Range A1 . . E3000 ( the range for 15000 data items obtained).

4) Type Go, Quit, Quit, Finally, type Yes.
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AT - MIO Board Command Main Menu

Go Verify Observe ID - Setting Stage - Setting Quit

Fig.48 Lotus 1-2-3 Data Acquisition Worksheet
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3. Translation of DOS File to EMTDC Multþlot File

Now there is a DOS data file with 5 columns and 3000 rows, the same format as

theworksheet. Thefilefotmat shouldbechangedintoa2columnand 15000 row format

file suitable for the EMTDC [ 20 ] multiplot software to print. A program ( see Appendix

C ) called TODOS was written to execute this step. Fig. 49 is the flowchart of ttre program.

Find Zero Point and Start

Get Rid off Bad Reading

Make EMTDC File

Fì9. 49 Flowchart of Program from DOS to EMTDC

Finally, the format of the file is 2 columns, 15000 rows, which is easy for both

EMTDC and C program to use. The software procedures which have been finished so far

are illustrated in Fig. 50.
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LOTUS

1-2-3

EMTDC

_>

C++Progrctm

Fig. 50 Data Acquisition Software Blockdingram
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- Appendix C.

Lístings of Source Program

1 A Windows Programfor Detectíng High Impedance Fault

2 A C++ Programfor Detectíng High Impedance Føult

3 A C++ Program of Files Translation
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f f *'4+'4*r..r..:l'+¿.* r.-¿.*r¡* * *'4'4'+)..'++**>FNllr'4*>!'+'4'+*'4'+'+*'4>?+**r..'4*'r>?.'+)'r.t-*.¿.'+.**.*.4>?-4.+-4*+¿.**-4-+

// INCLUDE FILES

#include <windows.h>

#include <stdlib.h>

#include <stdio.h>

#include <math.h>

#include "wdaq_bc.h"

#include "daqhimpf.h"

long FAR PASCAL 
-expoft 

Vy'ndProc(HWND hWnd, UINT iMessage, UINT wParam, LONG lParam);

/*.*'Í:Í-**>k*{<***':c*:3*::.>l:F *::c******'k'k *}k':(* **:f >k**:;.'!**::.>3>3'F>:<:k'k****'!3*t<*:i.:!;t >¡'Fò-'¡¿:*'F*::.***

II GLOBALVARIABLES
/.'F**tr******::€'!.**'i3Í.***':c*:l':.**::<*;k:k*X'k)¡;:.:F***>!****::.*:Fls*>F*;k:¡;k**'t'ic'k**,!*:!****;:.****

unsigned long

unsigned long

HANDLE
HANDLE
short

short

short

short

numSamples;

numResults; /* number of samples stored in buffer */

hvoltBuffer : 0; /* handle to a buffer of memory */
hResultBuffer=O;

currentmode:O;

color;

aquire-down:0;

alarm_on=0;//

ll':r>f***;f*rF¿F+c**.*******lÉ'F¿rtÉtr:k****'is**'F*******:k***************:¡**{<'i<t¡:¡:f >:.**********

// CLASS DEFINITIONS
1***>?*>F,F*>*:i.;1.** ** àF*+t¡ ****t:.13rl *+:;:<ìk*>k**+3:i.*:1.*rf *t:.{e+.r:r*****lÉ***'*ric**rFr!):.**.¡:rf >!:****+:****

Main Program Class

class Main

{
public:

static HANDLE hlnstance;

static HANDLE hPrevlnstance;

static int nCmdShow;

static int MessageloopQ;

);
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il

ll static field definitions

HANDLE Main::hlnstance = 0;

HANDLE Main::hPrevlnstance = 0;

int Main::nCmdShow:O;intMain::Messageloop0

{
MSG msg;

while(GetMessage(&msg,NULL,0,0))

{
TranslateMessage(&msg);

DispatchMessage(&msg) ;

)
letuln msg.wParam;

)
ll*'+>?X*,F>l>'s*:ktk*t:c:::* *>¡* *>lt3ti.tk * tir* ti.**)¡.;i:t3***'l;:<>:(***:!c **':( * **t! r:c**;F';.'i.:!*:¡ t!:¡L*r:.**'k:!*rf f:**':r **;:.

Base Window Class
/l'4'4>r>F;f>f>l:*X:k***tFt:c **:k *'l***:¡ **t:.*,:<*****r:c:i¡:¡*'i<*'krk:f r:c'F>! >!>F>! * r¡.*;F** >:<)k *:!.à¡*r:.**;:.*::i:t**r:c+J::.**

class Window

{
protected:

HWND hWnd;

public:

HV/ND GetHandle(void) {returnhWnd;}
BOOL Show(int nCmdShow) { return ShowWindow(hWncl, nCmdshow); }
void Updare(void) {UpdateV/indow(hV/nd);}
virtual long WndProc( UINT iMessage, UINT wparam,LoNc lparam) : Q;

);

//*****rF******lÉlrài.**** *t<*******:¡(:i¡*{<*{<*****'ic****'':<*******'F'F'k*** ***rJ****:k*>k*':c':<**{€

Derived Graph Window Class
//*t:.***r¡:*:ic'l:k*>:cì!r:ct:r,¡t¡t<>¡ )¡.lk**:¡ *,lrk**** *ìt:ic*{<**:k*** *;¡.:k * á<** *ri.rþ>l** *rFrF):c*** ***** *rk::.*'!r:.*>f

class GraphWindow : public Window

{
public:

GraphWindow(FIWND hWnd);

static void RegisterQ

{
WNDCLASS wndclass; // Stn¡cture used to register Vy'indows class.

wndclass.style = NULL;
wndclass.lpfnWndProc = ::WndProc;

wndclass.cbClsExtra =0;
wndclass.cbWndExtra = sizeof(GraphWindow x);

wndclass.hlnstance :Main::hlnstance;

il
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wndclass.hlcon = Loadlcon(Main::hlnstance, IDI_APPLICATION);
wndclass.hCursor' = LoadCursor(NULL, IDC_ARROV/);
wndclass.hbrBackground = GetStockObject(LTGRAY_BRUS H);
wndclass.lpszMenuName = NULL;
wndclass.lpszClassName : "GraphWndClass";

if (! RegisterClass(&wndclass))

exit(FALSE);

) void Paint0;

long WndProc( UINT iMessage, UINT wParam,LONG lParam);

h

// class method definitions

GraphWindow : : GraphWindow(HWND hParentWnd)

{

if (!(hWnd : CleateWindow("GraphWndClass",NULL,
V/S-CHILD I V/S-VISIBLE I V/S_BORDER,3OO, 1 00,520,360,
hPar entWnd,PB_GRAPHWIN,Main: : hlnsrance,(LPSTR)this)))

exit(FALSE);

Show(Main: : nCmdShow);

Update0;

)

void GraphWindow: : Paint0

{
HDC hDC; // display context for.graph window
PAINTSTRUCT ps; llpaint structure

HPEN hNewPen,hOldPen;

HCURSOR hNewCur,hOldCur;

HBRUSH hBKBrush,hOldBrush;

HFONT hNewFont,hOldFont;

long int ij; llloop variable

int ix; llloop variable

double xscale; ll scale for x axis

float huge *ipVoltBuffer; ll huge pointer to sample buffer
hDC = BeginPaint(hWnd,&ps);

hNewCur: LoadCursor(NULL,IDC_WAIT); /l change cursor to hour glass

hOldCur: SetCursor(hNewCur); SeIMapMode(hDC,MM_ANISOTROPIC);
SetViewportOrg(hDC,0,360);

SetViewportExt(hDC,520,3 60) ;

ll define logical coordinate system

SetWindowEx(hDC,XHI-XLO,YHI-YLO ) ;

85



SetWindowOrg(hDC,0, I 280) ;

ll Draw graph

hNewPen : CreatePen(PS_SOLID, I,RGB( I 28, I 28, 128)); / I draw hash marks
hOldPen : SelectObject(hDC,hNewPen) ;

for (i=XLo; i<:XHr; ia=(xHI-XLOyXNUMDIM)
{

MoveTo(hDC,i,YHI); // vertical hash

LineTo(hDC,i,YLO);

)
for (i:YLO; i<=YHI; i+:(YHI-YLOyYNUMDIM)
{

MoveTo(hDC,XLO,i);

LineTo(hDC,XHI,i);
// horizontal hash

)
SelectObject(hDC,hOldPen) ;

DeleteObject(hNewPen) ;

if(aquire_down::0)

{
hNewFont : CreateFonr(5,0,0,0,FW_BOLD,FALSE,FALSE,FALSE,ANSI_CHARSET,

OUT-DEFAULT-PRECIS,CLIP-DEEAULT_PRECIiS,DEFAULT-Q UALITY,
VARIA BLF._PITCH I FF_ROMAN,"Tns Rmn");
hOldFont : SelectObject(hDC,hNewFont);

hBKBrush=CleateSolidBrush(RGB( 1 28,128,128));

hNewPen : CreatePen(PS_SOLID, 1,RGB(200,200,200)) ;

hOldPen = SelectObject(hDC,hNewPen) ;

hOldBrush:SelectObject(hDC,hBKBrush) ;

S etTextAlign(hDC,TA_LEFT) ;

TextOut(hDC,2,1160," ",9);
S etTextAlign(hDC,TA_CENTER) ;

TextOut(hDC,40, 1 1 60," 1.0",3);

TextOu(hDC,60,7160," ",J);
TextOu (hDC,80,lI 60," 2.0",3);

TextOu(hDC,100,1160," ",7);
TextOu t(hDC,l20,l 160," 3.0",3) ;

TextOu(hDC,7Q,1160," ",J);
TextOut(hDC,1 60,1 160," 4.0",3) ;

TextOu(hDC,180,1160," ",'/);
TextOut(hDC,200, I 1 60,"5.0",3);

TextOut(hDC,220,1160," ",J);
TextOu(hDC,240,1 160," 6.0",3) ;

TextOut(hDC,260,1160," ",J);
TextOut(hDC,280, 1 1 60,"7.0",3) ;

TextOu(hDC,300,1160," ",J);
Tex tOut(hDC,320,1 160," 8.0",3) ;

// draw axes
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TextOut(hDC34f,ll60," ",J);
Tex tOu t(hDC,3 60, 1 I 60," 9.0",3) ;

TextOut(hDC,380,1160," ",7);

TextOu(hDC,400, I 160," I 0.0",3);

TextOut(hDC,420,7760," ",J);
Tex tOu t(hDC,440, 1 160," 1 1.0",3) ;

S etTextA lign(hDC,TA_RIGHT) ;

TextOut(hDC,479,1160," ",8);
S etTex tA Iign(hDC,TA_LEFT) ;

SelectObject(hDC,hOldPen);

DeleteObject(hNewPen);

SelectObject(hDC,hOldBmsh) ;

DeleteObject(hBKBmsh) ;

SelectObject(hDC,hO ldFont) ;

DeleteObject(hNewFont);

hNewPen : CreatePen(PS_SOLID,l,RGB(0,255,0)); // draw axes

hOldPen = SelectObject(hDC,hNewPen) ;

MoveTo(hDC,XLO,ll20); // x-axis
LineTo(hDC,XHI, I 120);

SelectObject(hDC,hOldPen);

DeleteObject(hNewPen);

hNewPen = CreatePen(PS_SOLID, 1,RGB(0,0,255)) ;

// Draw axes
hOldPen = SelectObject(hDC,hNewPen) ;

MoveTo(hDC,XlO,(int)((float)cotor*3.2-160)); //threshold
LineTo(hDC,XHI,(inr)((float)color* 3.2- I 60));
S electObject(hDC,hOldPen) ;

DeleteObject(hNewPen) ;

alarm_on:0;
AO_VWrite(1,1,0.0);

//himp_fault=1;

RECT rect;

{
rect.lefr= 1 00 ; rect.top=240'

rect.right:2 I 0; rect.bottom=280;

)
Inv alidateRect(GetParent(hV/nd), &rect,FALSE) ;

UpdateWindow(GetParent(hWnd)) ;

IlPlot buffer if there are samples

numResults= 117.0;

int himp_fault=0;

if (ipVoltBuffer = (float huge *)Globallock(hVoltBuffer)) /i lock buffer

{
hNewPen = CreatePen(PS_SOLID, l,RGB(255,0,0));
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hOldPen = SelectObject(hDC,hNewPen);

MoveTo(hDC,0,(int)(1120+ipVokBuffer[0] * 3)); //was YSCALE
xscale = (double)numResults / (XHI-XLO);
i: 0;

ix:0;
while (i < (numResults-l))

{
if( (((in$(( 1280.0+ipVoltBufferlil "3.0)/3.2))<color)

&& himp_fault=:0 )

{
alarm_on=1;

TextOn(hDC, I00,40,"There is high impedance fault",29);

himp-fault:1;
RECT rect;

{
rect.left= 100;

rcct'toq=240;

rcct.r'ight=210;

rect.bottom=280;

)
InvalidateRect(GetParent(hWnd),&rect,FALSE) ;

Updatewindow(GetParent(hWnd)) ;

)
LineTo(hDC,ix,(int) ( I 1 20+ipVoltBufferli]''3)); //was YSCALE
for(=g¡'99900; j++)

{
j:j;
j:j;
j=j;

)
if (xscale > I .0) ll if more samples than X-coord

{
++ix;

i=ix*xscale;
)

else // if less samples than X-coold

{
++i;

ix=ix 1/xscale;

)
)
SelectObject(hDC,hOldPen);

DeleteObject(hNewPen);

GlobalUnlock(hVoltBuffer); // unlock buffer
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else

{

// Draw axes

hNewFont = CreateFont(5,0,0,O,FW_BOLD,FALSE,FALSE,FALSE,ANSI_CHARSET,

OUT-DEFA ULT_PRECIS,CLIP-DEFAUL |_PRECIS,DEFAUL T-QUALITY,
VARIABLF-PITCH I FF_ROMAN,"Tms Rmn") ;

hOldFont : SelectObject(hDC,hNewFont) ;

hBKBrush:CreateSolidBrush(RGB( I 28, 1 28, 128));

hNewPen : C[eatePen(PS_SOLID, l,RGB(200,200,200));

hOldPen : SelectObject(hDC,hNewPen);

hOldBrush:SelectObject(hDC,hBKBrush) ;

SetTextAIign(hDC,TA_LEFT) ;

TextOut(hDC,2,1160," ",8);

S etTextA I ign(hDC,TA_CENTER) ;

TextOut(hDC,40, I I 60,".0028",5);

TextOut(hDC,60,7 160," ",3);
TextOut(hDC,80, I I 60,".0056",5);

TextOut(hDC,100,1160," ",3);

TextOut(hDC, I 20, I 160,".0083",5);

TextOut(hDC,140,1160," ",3);
TextOut(hDC, 1 60, I 160,".0 1 I 1 ",5);

TextOut(hDC,l80,l 160," ",3);
TextOut(hDC,200,7760," .01 38",5);

TextOut(hDC,220,1160," ",3);
TextOu t(hDC,24A, 7 160," .0 7 67 ",5) ;

TextOu(hDC,260,1160," ",3);
TextOut(hDC,280, 1 160,".0 195",5);

TextOut(hDC,300,1160," ",3);
TextOut(hDC,320,1160," .0222",5);

TextOut(hDC,3 40,1160," ",3);
TextOut(hDC,360, I 160,".0250",5);

TextOut(hDC,380,1 160," ",3);
TextOut(hDC,400, I I 60,".027 8",5);

TextOut(hDC,420,1160," ",3);
TextOu (hDC,4q, 1 160," .0306",5);

SetTextAl ign(hDC,TA_RIGHT);
TextOu(hDC,4'79,1160," ",7);
SetTextAlign(hDC,TA_LEFT) ;

SelectObject(hDC,hOldPen);

DeleteObject(hNewPen) ;

SelectObject(hDC,hOldBrush);

DeleteObject(hBKBrush) ;

SelectObject(hDC,hOldFont);

DeleteObject(hNewFont); hNewPen = CrearePen(PS_SOLID,I,RGB(0,255,0));
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// Draw axes
hOldPen : SelectObject(hDC,hNewPen);

MoveTo(hDC,XLO,480); i/ x-axis
LineTo(hDC,XHI,480);

SelectObject(hDC,hOldPen);

DeleteObject(hNewPen); // Plot buffer if there are samples

numResults:68.0;

if (ipVoltBuffe¡ : (float huge '¡)Globallock(hVolrBuffer)) // tock buffer

{
hNewPen : CleatePen(PS_SOLID, I,RGB(255,0,0)) ;

hOldPen = SelectObject(hDC,hNewPen);

MoveTo(hDC,0,(int)(48O+ipVoltBuffer[O] " 300)); //was YSCALE
xscale : (double)numResults / (XHI-XLO);
i :0;
ix :0;
while (i < (numResults-1))

{
LineTo(hDC,ix,(int)(480+ipVoltBuffer[i] "300)); //was YSCALE
for'fi:0;j<90000; j++)

{
j:j;
j=j;
j:j;

)
if (xscale > 1.0) // if more samples than X-coord

{
++ix;
i=ix*xscale;

)
else // if less samples than X-coord

{
++i;

ix=i* 1/xscale;

)
)
SelectObject(hDC,hOldPen);

DeleteObject(hNewPen) ;

GlobalUnlock(hVoltBuffer); // unlock buffer

)
aquire-down:0;

)
SetCtrrsor(hOldCur); ll change cursor back to previous value
EndPaint(hWnd,&ps); return;

)long GlaphWindow: :WndProc( UINT iMessage, UINT wParam,LONG lParam)
(
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t/

switch (iMessage)

{
case WM PAINT:

Paint0;

break;

default:

rctuln(DefWindowProc(hWnd,iMessage,wParam,lParam));

)
return TRUE;

)

Derived Main Window Class

class MainWindow: public Window

{
private:

static char szCaption[29] ;

HWND hEbBoard, /" board number edit box */
hEbChannel, /* channel number edit box x/

hEbGain, /'r voltage gain edit box x/

hEbCount, /* number of samples edit box x/

hEbRate, /* sampling late edit box r'l

hEbAlarm,

hEbErrCode, /'F erncr code output box '¡'l

hQuitButton, /x quit application button x/

hVy'r'iteButton, /*outputbuttonx/
hAquireButton,

hGraphV/nd; /* child window handle for graph */
public:

MainWindow0;

static void Register0

{
V/NDCLASS wndclass;

wndclass.style =CS_HREDRAWICS_VREDRAW;
wndclass.lpfrr'WndProc = : :\ùy'ndProc;

wndclass.cbClsExtra :0;
wndclass.cbVy'ndExtra : sizeof(MainWindow ");
wndclass.hlnstance :Main::hlnstance;

wndclass.hlcon =Loadlcon(Main::hlnstance,"daqroy");
wndclass.hCursor = LoadCursor(NULL, IDC_ARROV/);
wndclass.hbrBackground = GetStockObject(WHITE_BRUSH);

wndclass.lpszMenuName : NULL;
wndclass.lpszClassName : "MainVy'ndClass";

if ( ! RegisterClass(&wndclass))

exir(FALSE);
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) void MakeClient(HWND hClientWnd)

{
hGraphWnd = hClientV/nd;

) void Paint0;

void Execute_DAQ_Op0;

void Execute_AO_VWrite0;

long V/ndProc( UINT iMessage, UINT wParam,LONG lParam);

h

char MainWindow::szCaption[] : "high impedance fault";
HV/ND hTemp;

MainVy'indow: : MainWindow0

{
if ( ! (hWnd : CleateWindow("MainWndClass",szCaption,

v/s_o VERLAPPEDWINDOWCW_USEDEFA ULT,CW_US EDEFAUT.T,S 70,550,
NULL,N ULL,Main: : hlnsrance,(LPSTR)this)))

exit (FALSE);

if (!(hEbGain = CrcateWindow("Button","intemittant",Ws_CHllD I WS_VISIBLE I

BS-AUTORADIOBUTTON,40,125,l25,30,hWnd,PB-INTER,Main::hInstance,NULL)))
exit (FALSE);

if (!(hEbCharnel: CreateWindow("Button","continuous",WS_CHllD I WS_VISIBLE I

BS-AUTORADIOBUTTON,40,90,125,30,hWnd,PB-CONTI,Main::hlnstance,NULL)))

exit (FALSE);

CheckRadioButon(hWnd,PB INTER,PB_CONTI,PB_INTER);

if (!(hEbBoard =CreateWindow("Button","working mode",WS_CHILD lV/S_VISIBLE I

BS_GROUPBOX,30,60, I 80, 1 OO,hWnd,- l,Main: :hlnstance,NUll)))
exit (FALSE);

if (! (hWriteButton : CreateWindow("Button","alarm",BS_DEFPUSHBUTTON I

WS-CHILD IWS-VISIBLE,3O,270,70O,30,hWnd,PB-WRITE,Main::hInstance,NULL)))

exit (FALSE);

if (!(hAquireButton: CleateWindow("Button","Acquisition",BS_DEFPUSHBUTTON I

WS_CHILD I WS_VISIBLE,30,320,t00,30,hWnd,pB_AeUIRE,Main::hlns-
tance,NULL)))

exir (FALSE);

if ( ! (hTemp : CreateWindow("Button","Execute ",BS_PUSHBUTTON I

V/S-CHILD I WS-VISIBLE,30,370,l00,30,hWnd,PB_EXEC,Main::hlnstance,NULL))
exit (FALSE);

if (!(hEbAlam = createwindow("static","off',SS_cENTER lws_cHILD lws VISIBLE
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lV/S_BORDER, I 80,240,30,20,hWnd,- l,Main: :hlnstance,NULL)))

exit (FALSE);

if (!(hQuitButton : CreateWindow("Button","Quit",BS_DEFPUSHBUTTON I

WS-CHILD lV/S-VISI8L8,30,420,100,30,hV/nd,PB_QUIIMain::hlnstance,NULL)))

exit (FALSE);

if (!(hEbCount : CreateWindow("scrollbar",NULL,WS_CHILD I WS_VISIBLE I

SBS_VERT,250,80,20,360,hWnd,99,Main: : hlnstance,NULL) )
exit (FALSE);

if (!(hEbRate = CreateWindow("static","0",SS_CENTERIWS_CHILDIWS_VISIBLE

IWS_BORDER, I 80,200,30,20,hWnd,- l,Main: :hlnsrance,NULL)))
exit (FALSE);

SetScrollRange(hEbCount,S B_CTL,0,400,FALSE) ;

SetScrallPos(hEbCount,S B_CTL,0,FALSE) ;

numsamples : 0; Show(Main::nCmdShow);

Update0;

)

void MainWindow: :PaintQ

{
HDC hDC; /x handle to the display context */

PAINTSTRUCT ps; /'i paint structure for HDC */
HBRUSH hOldBn¡sh,hNewBrush;

HFONT hNewFont,hOldFont;

hDC = BeginPaint(hWnd,&ps);

TextOut(hDC,30,200,"Thrcshold Level", I 5);

TextOut(hDC,30,240," Ãlum Status", I 2);

if(aquire-down=:0)

{
TextOut(hDC,53 5,47 5,"Time (s)",9);

TextOut(hDC,470,70,"Result vs. Time Plot",2O) ;' 
llTextOut(hDC,535,475,"Time (ms)",9);

//TextOu(hDC,535,47 5,"Time (s) ",9);

)
else

{
TextOnt(hDC,535,495,"Time (ms)",9);

Tex tOut(hDC,47 0,7 0," Signal vs. Tim e Plot",20) ;

)
hNewFont : CreateFont(5,0,0,O,FW_BOLD,FALSE,FALSE,FALSE,ANSI_CHARSEI

OUT-DEFAUUT-PRECIS,CLIP-DEFAUUT-PRECIS,DEEAUUT_QUALITY

VARIABLF-PITCH I FF-ROMAN,''TMS RMN'') ;

hOldFont : SelectObject(hDC,hNewFont);

SetTextAlign(hDC,TA_RIGHT) ;

if(aquire-down==0)

{
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TextOut(hDC,299,100, " 4Q0",4) ;

TextOut(hDC,299,1 40, " 350",4);

Tex tOut(hDC,299, 180, " 300",4);

TextOu (hDC,299,220, " 250",4) ;

Tex tOu(hDC,299,260, " 200",4) ;

TextOut(hDC,299,300, " 750",4);

TextOu(hDC,299,3 40, " 100",4) ;

TextOut(hDC,299,380, " 50",4);

TextOu(hDC,299,420, " 0",4);

)
else

{
TextOut(hDC,299, 100, " 2.0 ",4);

Tex tOut(hDC,299, I 40, " 1.5",4);

TextOut(hDC,299,180, " 1.0",4);

TextOnt(hDC,299,220, " 0.5",4);

TextOut(hDC,299,260, "0 ",4);

Tex tOu( h DC,299,3 00, " -0.5",4) ;

TextOut(hDC ,299,340,"-7 .0" ,4);
TextOut(hDC,299j80, " -1 .5",4) ;
Tex tOut(hDC,299,420, " -2.0 ",4) ;

)
SelectObject(hDC,hOldFont);

DeleteObject(hNewFont); /x shade the graph window */
hNewBrush = CreateSolidBrush(RGB(63,63,63));

hOldBrush : SelectObject(hDC,hNewBrush) ;

Rectangle(hDc,305, 105,830,41 0);

SelectObject(hDC,hOldBrush) ;

DeleteObject(hNewBrush);

EndPaint(hWnd,&ps);

return;

)

void MainWindow: :Execute_DAQ_OpQ

{
HCURSOR hNewCur,hOldCur;

int brd=l,
ch=2,

gain=1,

eff'

unsigned long

double

char

HANDLE
HANDLE

// channel number

// voltage gain

ouq)ut,temp,i j,k,sp,fl ag,num_sec,offset,ii; // return error code

count; // number of samples to capntre

rate,sum,sum I,sum2; // sampling rate

SzIMAXSTRINGLENGTHI ; // temporary string variable

hSampleBuffer; // handle to sample buffer
hWorkBuffer;
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HANDLE hMesuBuffer;

double rmsp 1[4],rmsp2[4],s I I 16];

double delt= 1.0/(60.0*32);

int huge *ipSampleBuffer;

int huge xipResultBuffer; llhuge pointer to sample buffer
double huge *ipMesuBuffer;

float huge *ipVoltBuffer; // htge pointer to voltage buffer
float huge xipWorkBuffer;

BOOL bSuccessftil; // whether DAQ flinctions were successful
hNewCur = LoadCulsor(NULL,IDC_WAIT);

hOldCur = SetCursor(hNewCur) ;#ifdef
GetVy'indowText(hEbBoaId,sz,MAXSTRINGLENGTH); // r.ead input
brd = aroi(sz);

GetWindowText(hEbChannel,sz,MAXSTRINGLENGTH) ;

ch : atoi(sz);

GetWindowText(hEbGain,sz,MAXSTRINGLENGTH) ;

gain: atoi(sz);

GetWindowText(hEbCount,sz,MAXSTRINGLENGTH) ;

count : (unsigned long)atol(sz);

GetWindowText(hEbRate,sz,MAXSTRINGLENGTH) ;

#endif rate : atof(sz);

count:15000; l/ was 64;

rate: 1920.0;

GlobalFree(hVoltBuffer); // free previous block of memory
hVoltBuffer'= 0;

ll Allocate and lock two buffers of memory to hold sample values,

bSuccessful = FALSE;

hSampleBuffer : (HANDLE)GlobalAlloc(GMEM_MOVEABLE,(DWORD)sizeof(int)*counr);

hMesuBuffer = (HANDLE)GlobalAlloc(GMEM_MOVEABLE,(DWORD)sizeof(double)xcount);

if (hSampleBuffer && hMesuBuffer)

{
ipSampleBuffer = (int huge *)Globallock(hSampleBuffer);

ipMesuBuffe¡ = (double huge *)Globallock(hMesuBuffer);

if (ipSampleBuffer && ipMesuBuffer)

{ /* call NI-DAQ function */

en : DAQ_Op(brd,ch,gain,ipSampleBuffer,count,rate) ;

if (!err)

{
en = DAQ_VScale(brd,ch,gain, l,0,count,ipSampleBuffer,ipMesu Buffer);
if (!erg

bSuccessful: TRUE;

)
)
GlobalUnlock(hMesuBuffer); i/ unlock voltage sample buffer
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GlobalUnlock(hSampleBuffer); // unlock binary sample buffer

)
GlobalFree(hSampleBuffer); ll deallocatebinarysamplebuffer
hsampleBuffer': 0; hvoltBuffer = (HANDLE)GlobalAlloc(GMEM_MovE-

ABLE,(DV/ORD)sizeof(fl oat)'icount) ;

hResultBuffer: (HANDLE)GlobalAlloc(GMEM_MOVEABLE,(DWORD)sizeof(int)*ll8);
hWorkBuffer : (HANDLE)GlobalAlloc(GMEM_MOVEABLE,(DWORD)sizeof(float),'256);

ipMesuBuffe¡ = (double huge *')Globallock(hMesuBuffeÐ;

ipVoltBuffer : (float huge't)Globallock(hVoltBuffer);
for'(i=O; i<count; i++)

{
ipVoltBufferI i] =(fl oat) ipMesu BufferIi] ;

)
GlobalUnlock(h Vo I tBu ffer) ;

GlobalFree(hMesu Buffer) ;

outptìt=0;

if (bSuccessftil&&(aquire_down::0))

{
numSamples : counti // DAQ_Op successful

//start of algorithms

ipVo ltBuffer = (fl oat hu ge'r' )Glo ballo ck(hVoltBuffer);

ipResultBuffer(int hu ge x )Globallock(hResultBuffer);
i:0;
while(ipVoltBufferlil *ipVoltBufferIi+ 

1 ] >0)

{
i++;

)
sp:i; if(ipVoltBuffer[sp]>0.0)

flag:1;
else flag:Q; ipWorkBuffe¡ = (float huge x)Globallock(hWorkBuffer);

nu*_r".:(count_sp)/ 128;

offset:O; //zero crossing point offset

int countb:0;
int countc=O;

int pt-sinwv=O;

int slP-inc:O;
int pt-slpwv:0;
for( ii=O; ii<num_sec-1; ii++)

{
if(ipvoltBuffer[sp+offset+ii*32*4]*ipYoltBufferIsp+offset+1+ii,¡32*4]<0)

offset+=1;

for(i=O; i<32"4;i++)

{
ipV/orkBufferlil =ipyo1rt, fferIi+sp+offs et+ä* 32*

int pt_fk:O;
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int pt_sym=O;

int pt_comput=0;

int pt_zero:0;

float Iml_o:0.0;
float Iml_n:0.0;
/lfToatIm2_o:0.0;

//f1oatlm2_n:0.0;
float minl=0.0;

float min2:0.0;
int mini_n,min2_n;

//for'(=Q'.¡ç4'¡**¡
il{

int zeros=0;

min I :fabs(ipWorkBuffer[0] );
for(i:1; i<15; i++)

{
Im l_o:ipV/orkBuffer[i] ;

Im l_n=fabs(Iml_o);
if((minl-Im 1_n)>0.000 I )

{
minl=Iml_n;
minl_n:i;
)

)
min2:fabs(ipV/oft Buffer[ 1 9] );
for (i=19;i<30;i++)

{
Im l_o:ipWorkBuffer[i] ;

Im l_n=fabs(Im 1_o);

if((min2-Im 1_n)>0.000 1 )

{
min2:Im1_n;
min2_n=i;

)
)
if( (m in2_n<:28) & &(minZ _n>:2 4)

&&(minl_>=8)&&(minl_n<:12) )
/ I &&(minl<0.0 I 5)&&(min2<0.0 I 5))

{
Pt-comPut:l;
countb++;

)
else

{
conntc++;

)
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if(countb>25)

{
Pt-comPut:l;
countc=O;

)
if(countc>25)

{
pt_comput:0;

countb=0;

)
if ( (pt_comput>0)&&(outpuÞ5) )

outPut-:5;
foL(j:O; j<4; j++)

{
sum l=0.0;

sum2:0.0;
for(i=O; i<16;i++)

{
sum I +:ipWorkBuffer[i+jx32] xipVlorkBuffer[i+j* 32] ;

sum2+:ipVy'orkBuffer[i+ 16+jx32] xipV/orkBufferfi+ I 6 +j"32];
)
rmsp I []:sqrt(fabs(sum I ))116.0;
msP2[] =5q1t(fabs(sum2)) / 16.0;

)
for'(i=0; i<4;i++)

{
if( rmspl [i]<0.001 ) {pt_zero=l; }
else

Pt-zero:0;
)

//>k,?**'k***'+'*)¡:3;r*,t**:3;:<:!* **'+-¿.'*******,r*>?'4*>k****-4-+-t--r-+-:(-4****t+>r>?>y,****>F*>y****i*********>¡**;i(***

ll Check flickering of the rms value at either positive or negative waveform side
lltf *titt*****)F:3 **rk r.3:þ{< r.<{r¡& *g*::r{.*. **r3*** r3**:!:3**:F:F:F:3:F )F**,F**:F****:! *** **,i.*** *:F:F **

float rms_min=O.0;

rms_min=rmspl [0];
for(i=l; i<4; i++)

{
if(rmsplIi]<rms_min)

{
rms_min=rmspl[i];

)
)
if ( /*(((rmspl [O]-rmspl [1])*(rmspl [2]-rmspl [ 1]))>0.0)&&x/

(fabs(msp I I I ]-rmsp 1 [0] )>0. 1 
xrms_min)
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ll (fabs(rrnsp I [2]-nnsp 1 [1])>0. I xrms_min)

ll (fabs(rmsp1[3]-rmspl[2])>0.1*rms_min) )

//ll( /*(((rmsp2[0]-rmsp2[ l])*(rmsp2[2]-rmsp2[ I ]))>0.0)&.&. *- I
II (fabs(rmsp2[0]-rmsp2[ 1])>0.I *rmsp2[ 1])

I / &&(fabs(rmsp2[2]-rmsp2[ I ] )>0. I *rmsp2t I I ) ) )
pt_fk:Z;

f f 
>l 

'it**,. 
*..'+-r.-r,-r,,'4**"r..**** * >?-+-4-,4t:*******-.k-:r*-4-4'k>?--f -+-+-+**.*.* *.*.*.r...+.!,-',í>!2..*¿.*.>t.+,ir+-+-+.>?*

ll Check for Asymmetry
f f>?>i<***t:*.:t:.*r.<:3::! *:l * rl>þ:3::rr.r:l:l*::<*r.r*:*::::l:3tí tþ*)!.+::rr.. *r.<{. *tir:r:r.+*:þ>þ*::.)r):3:3

if( (fabs(fabs(rmsp I [0] )-fabs(rmsp2[0] ))>0. 1 
*rmsp I [0])

&& (fabs(fabs(rmspl [])-fabs(r'msp2[ 1]))>0. lxrmspll0l) )

Pt-sym=l;

for(:O;j<8;j++)

{
int counter:O;

for(i:0;i<15; i++)

{
s I Ii] :ipWorkBuffer[i+j* 1 6+ 1]-ipWorkBuffer[i+jx I 6] ;

if ( ((flag:=l)&&(fabs(s1 [i.])<0.28*rmspl I t])&&(s1 [i]*s I ti-11>0))
ll((fl ag==O)&&(fabs(s I [i])<0.28*rmsp2[ l] )&&s I Ii])&&(s I Ii] *s I Ii- I ]>

0))
counter+= 1'

)
if ((counte>=3)) i/ 3 could be changed

Pt-slp= I '//outPut-3;
if(flag=:1) flag=6;

if(flag==Q) flag=1'

)
slp_inc++;

//*..****,.***,***.:n-+*+*'N**rr* * t< *>r* )ir>¡ *** --r.+.+-.!***'3***'*)i.*{. ** **:¡< rr* .*-+-+-.¿.-4*******-4-4*>t***

llCheck for quater cycle symmetry, useful for fault on wet soil.
lf '4******'4*'+->r'j(tÉt'**-****tr *>r **>& ** >¡*tr * *'4****'4r.>X'4**>k***,.*'+rt*'4*..'4****.4******!,.**-t**

int qpt_sym:0;

int count_qpt=O;

{
for(=g¡'3'¡**,
{

sum:0.0;

for(i:0;i<7;i++)

{
sum+=fabs(fabs(ipV/orkBuffer'[i+jx 1 61-'n*orkBufer[ 15-i+j* 1 6])

-fabs(ipWorkBuffer[i+ I +j * I 6]-ipWokBfer[ I 5-i- I +j x I S1 ) ¡'
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)
if((sum>2r'rmspzI I ] )&&(pt_comput==0))

count-qpt+:1;

else if((sum>msp2[ 1 ] )&&(pt_compu t:=0))
count_qpt:count_qpt;

else if ((sumcLmsp2[ I ])&&(outpu>5)&&(pt_comput::0))
count_qpt:count_qpt;

else

count-qpt:0;

)
if(count_qpt>4)

qpt_sym:1;

else

qpt-sym=0;

)
if(pt_sym::0&&pt_fk::O&&(slp_inc<20))

t 
oot-"-=o'
pt_sinwv++;

)
if((Pt-slP:= 1 )&&(slP-inc<20))
pt_slpwv++;// Set the detection threshold and Output Detection

temp:pt_slp+(int) (qpt_sym )+pt_sym+pt_fk;
if((pt_sinwv> I 5)&&(pt_slpwv<3 )&&(pt_fk::O)) remp:O.
if(pt zero:=l) temp:O;

if(temP:=6¡

{
if(outpu>0)

output-=O; /l was l;
)
else

{
output+=temp;

)
if (output<0)

outPut:0;
ipResultBufferIii] =e¡¡nu¡'

)
for (ii=O;iicnum_sec; ii++)

{
ipVoltBu fferIiiJ =-in*"t., t,BufferIii] ;

ìI
GlobalUnlock(hResultBuffer);

GlobalUnlock(hVoltBuffer) ;

InvalidateRect(hGraphV/nd,Null,TRuB); I / repaint graph window

)

100



else if (bSuccessful&&(aqu ire_down== I ))
{

InvalidateRect(hGraphWnd,NULL,TRUE) ;

)
else

{
numSamples : 0; // DAQ_Op unsuccessftrl

GlobalFree(hVoltBuffer); //deallocate voltage sample buffer

hVoltBuffer = 0;

) splintf(sz,"o/ad",err); // display output

SetV/indowText(hEbErCode,sz) ;#ifdef
hVoltBr¡ffer:(HANDLE)GlobalAIloc(GMEM_MOVEABLE,(DWORD)szeof(float)* i I 8);

ipVoltBuffer = (float huge'. )GlobalLock(hVoltBu ffer');

num-Sec:117;

ipVoltBuffer[0]:0;
for (ii: 1 ;iicnum_sec; ii++)

{
ipVo ltBuffer[ i i] :(flo at)-i i ;

)
GlobalUnlock(hVoltBuffer'); // deallocate voltage sample buffer
InvalidateRect(hGraphWnd,Null,TRuE); // repaint graph window

ll Change the cursor back to the previous value

SetCursor(hOldCur);

if(currentmode=: I )

{
SendMessage(hTemp,BM_SETSTATE, 1,0L) ;

S endMessage(hTemp,B M_SETSTATE,O,OL) ;

)
)void MainV/indow: :Execute_Ao_VÌVrite0

{
HCURSOR hNewCur, // new (hourglass) cursor

hOldCur; // old (arrow) cursor
int brd:I, llboard number

ch=l, // channel number

err; // retum enor code

double volt; ll voltage
char sz[MAXSTRINGLENGTH]; ll temporaly stling variable

if (alarm-on:=0)

{
volt:5.0;
alarm_on=1;

)
else
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{
volt:O.0;

alarm_on:0;

l/ change the cursor to the hourglass

hNewCur : LoadCursor(NULL,IDC_WAIT);

hOldCur : SetCursor(hNewCur); I I call DLLftinction
err : AO_VWrite(brd,ch,volt);

sprintf(s2, " 7od",err) ;

SetCursor(hOldCur);

)
// MainWindow: :WndProc( UINT, UINT,LONG)
l! - specifies actions based on incoming messages

long MainV/indow::WndProc( UINT iMessage, UINT wParam,LONG lParam)

{
char szbuffer[ I 0];

short i;

switch (iMessage)

{
case V/M_CLOSE: // executed upon closing of application

GlobalFree(hVoltBuffer); ll free any allocated buffer
hvoltBuffer = 0;

return(DefWindowProc(hWnd,iMessage,wParam,lParam));

caseWM_COMMAND:

switch(wParam)

{
case PB_EXEC: // call DAQ_Op0 DLL function call
RECT rect;

{
rect.left:300; rect.top= I 0;

rect.right:820; rect.bottom:99 ;

)
Inv alidateRect((hWnd), &rect,FALSE) ; I / r epaint graph window

{
r ect.left=269i recr.rop=!Ç ;

rect.right:30 I ; rect.bottom:460;

)
Inv alidateRec((hWnd), &rect,FALSE) ; / I r epaint graph window

if(cunentmode::O)

{
Execure_DAQ_OpO;

)
else

{
GetAsyncKeyState(27);

while( ! (GerAsyncKeyStare (2T e.D)
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{
Execute_DAQ_Op0;

rect.left:3001 recr.rop=ÇÇ;

rect.r'ight:820; rect.bottom=43 1 ;

InvalidateRect((hWnd),&rect,EALSE) ;

UpdateWindow(hWnd);

)
)

bleak;

case PB_AQUIRE:

{
aquirc-down:l;
Execute_DAQ_Op0;

)
{

rect.left:300i rect.top: I Q;

, 
rect.right:820; rect.bottom:99;

Inv alidateRec t((hWnd),&recr,FALSE) ; I I r epaint graph window

{
rect.left=269i rect.top=!!;
rcct.right=3 0 I ; rect.bottom=44O;

)
Inv alidateRec t((hV/nd),&rect,FALSE) ; / / r epaint graph window

break;

case PB_WRITE:

Execute_AO_VV/rite0;

{
rect.left: 1 00; rect.top:23 0.

rcct.right=250; rect.bottom:290;

)
InvalidateRect((hWnd),&recr,FALSE); I I repaint graph window
break; case PB_QUIT: // quit the application

' PostQuitMessage(O);

break;

case PB INTER:

currentmode=0;

break;

case PB_CONTI:

currentmode=1;

break;

default:

retuln(DefWindowProc(hVy'nd,iMessage,wParam, lParam)) ;

)
break;

case WM_CREATE:
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break;

case V/M_VSCROLL:

switch(wPalam)

{
case SB_LINEDOWN:

if (color<400)

color++;

else

color:400;
break;

case SB_LINEUP:

if(colo>0)
color-;

else

color=0;

break;

case SB_THUMBPOSITION:
case SB_THUMBTRACK:

color=LO WORD(lPar am) ;

break;

default:

break;

i
SetScrollPos(hEbCount,SB_CTL,color,TRUE);

S etWindowTex t(hEbRate,itoa(400--color',szbu ffer, I 0) );
RECT rect;

//if(direction==0)

{
rect.left=300; rect.top=99;//+(int)(4.0* (fl oat)color/5.0);

rect.right:820; recr.bortom =43 U I +(int)(4.0%(fl oar)color/5.0);

)
Inv alidateRec((hWnd),&rect,FALSE) ; / I r epaint graph window
break;

case WM_PAINT:

Paint0;

if(alatm-on==1)
f\
AO_VWrite( 1,1,5.0);

wsprintf((LPSTR)szbuffer," on");

)
else

wsprintf((LPSTR)szbuffer, "offl ') ;

SetWindowText(hEbA larm,(LPSTR)szbuffer) ;

break;

case WM_DESTROY

PostQuitMessage(O);
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break;

default:

return(DefWindowPloc(hWnd,iMessage,wParam,lParam));

)
leturn TRUF'

)

/ff *tf ,f *':.':. X'i.>i(>k*)¡tk;i:ri.>!rk {.>i+!r:c*r:.***>:<lÍf:*tþ;t*** t¡ci.**:i3*):.;F>:(:i.>kt+!rþ+ rFt¡***rktþrf r:+:c**;!. **::.>F >! t:.rf *

II WINDOWS PROCEDURES
**>:<*)¡.>ii:l:!i*rþr:r***':.:;:)k*r:i)l'343****:l*:¡{.*>:<'þ::irlri.r:r::.'l*'i(*':<**:k*+r!}f *>k,k:!ri.:¡,!,t,i:+3>:.)::;!*>!t ¿rr:.r!,:r*tÍrr

# if defined(_SMALL_) ll defined (_MEDIUM_)
/l data pointers are near pointers

inline Window *GerPointer ( HWND h'Wnd )

{
return (Vy'indow *)GetWindowWord(hWnd, 0);

)
inline void SetPointer'(HWND hWnd,Window xpWindow)

{
SetWindow Word(hV/nd,0, (WORD)pWindow) ;

)
#elif defined(_LARGE_) ll defined(_COMPACT_)

// else pointers are far
inline Window *GetPointer(HWND hV/nd)

{
return (Window x)GetWindowlong(hWnd, 0);

)
inline void SetPointer(HWND hV/nd,V/indow *pWindow)

{
SetWi ndowl-ong(hlVnd,0,(LONG)pV/indow) ;

)
#else

#enor Choose another memory model!

#endif I I rWndProc(H'WND, UINI UINILONG)

ll - is the callback function for Windows. First to trap incoming
/l Windows messages to application. Delegates most messages to

ll Window class Vy'ndProc defined ea¡lier

long FAR PASCAL-export WndProc(HWND hWnd, UINT iMessage, UINT wParam,LONG lParam)

{
Window *pWindow = GetPointer(hWnd);

if (pWindow == 0)

{
if (iMessage == WM_CREATE)

{
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LPCREATESTRUCT lpcs; lpcs = (LPCREATESTRUCT)IParam;

pWindow : (V/indow *)lpcs->lpCreareParams;

S etPo inter(hWnd,pV/indow) ;

retum(pV/indow->WndProc(iMessage,wParam,lParam));

)
else

rehrrn(DefWindowProc(hWnd,iMessage,wParam, lParam));

)

return(pWindow->WndProc(iMessage,wParam,lParam));

)

//*)F**;r*:¡***'F**'k:!**l:;i3t3>¡>i:>F:i3'i.>k*'i.**>i<*'!à¡.ô,'i:*,F*:**>:€*':€*>!.*'!+*':<:r>!*'!*'3;i3'i:

// \{inMain(HANDLE,HANDLE,LPSTR,int)
// - Instantiates the application and initiates the message loop
//*:ic.** X>k***à3+*'f ****:*'i:+:þ*,t;:<'3>k* *** *':.¿<ri*'k**'k ':c*>F**::(>:<**** **:i.* >:<*::c:f **'F

int PASCAL WinMain(HANDLE hlnstance,HANDLE hPrevlnstance,LPSTR lpszCmdline,
int nCmdShow)

{
Main: : hlnstance : hlnstance;

Main::hPrevlnstance : hPrcvlnstance;

Main::nCmdShow : nCmdShow; if (!Main::hPrevlnsrance)

{
MainWindow: :Register0;

GraphWindow: : Register0;

) MainV/indow MainV/nd; // instantiate main window
GraphV/indow GraphWnd(MainV/nd.GetHandle0); // instantiate child window MainWnd.MakeCli-
ent(GraphWnd.GetHandle0); // make graph window a client return Main::Messageloop0;

)

else
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#include <stdio.h>

#include <math.h>

#include <stdlib.h>

#include <alloc.h>

#include <conio.h>

#include <graphics.h>

#include <dos.h>

struct point

{
int x;
int y;

);

main( )
{

FILE *fp;

float huge *I;

float +Iw;

float ftr,sum,suml,sum2,t,p;
float rmspl[4],rmsp2[4],s1|61;
float Iml_o,Im1_n,Im2_o,Im2_n,delt;
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int threshold,pt_fk,qpt_sym,pt_sym,pt_slp,pt_comput;
int temp,outpnt,first_time,count,num_sec,sp,k,kk,i,ii j;
int *of;

int offset,xmax, ymax;

int gmode, gdriver;

int flag,size;
point st,ed;

//Initializition of values

pr_fk:0;
pt_sym:0;
pt_quat:O;

size= I 5000;

first_time=0;
delt:0.000521;

k=0;

'j "' // Now start reading from data file in which the first column
// is time , second column is high impedance fault current

output:0;
I:(float huge r'; farcalloc(size,sizeof(float));
e¡:(inr +) calloc( l28,sizeof(int));

ll Here is finding zero point , from which we start to do S.SHOT

fp:fopen("himp.dat","r");
i=0;
r:-1.0;
while ( t<0)

{ 
,rcanf(fp," vof Vof',&t, &p);
i++;

)
sp=i; // sp represents starting point
fclose(fp);

fp:fopen( "himp.dat", "r") ;

for(i=O;icsize; i++)

{
fscanf(fp," Vof VoP', &t, &I[i]);

)

if(I[sp]>0.0) flag:l;
else flag=Q;

// should feed the next32x3 samples into an working anay

1yy = (float x) calloc(128, sizeof(float));
ttu._r"ç:(si ze_sp) I 128;
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i/start graphics

printf("please input thresholdfn");
scanf(" Vod",&threshold); / I can be changed

// now the grahpics portion

gdriver': VGA;
gmode:VGAHI;

/* initialize glaphics and local variables */

initgraph(&gdliver', &gmode, "c:\borlandc\\bgi");

l'? read result of initialization 'il

setcolor(getmaxcolor0) ;

xmax: getmaxx();

ymax = getmaxyO;

lldraw a frame

setcolor(LIGHTGREEN) ;

setlinestyle(0, 1,3);

line( l,l,xmax-1,1);
line(1,1,1,ymax-l);
line(xmax-1, l,xmax- l,ymax- I );
line( l,ymax- 1,xmax-1,ymax- 1 );

ll draw coordinate

setcolor(LIGHTMAGENTA) ;

line(3, (ymax-5), xmax, (ymax-5));
line(10,1,1O,ymax);

lldraw threshold
ftr=0.5;

setcolor(LIGHTRED);
line((xmax-5),-thresholdxftr+(ymax-17),10,-rhreshold*ftr.+(ymax-17));
setcolor(WHITE);
moveto(20,-threshold* 3/5+(ymax-2)-3 0);
outtext("Fault Trip Level ");

lldraw the change in the output

setlinestyle(3,1,3);

setcolor(YELLOtil);

st.x:10;
st.y:ymax-17;

//output must be replaced by ot[ii] if we have more points later
/x move the C.P. to the center of the screen x/
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offset:0;
for( ii:O; ii<num_sec-1; ii++)

{

if( I [sp+offset+ä*32* 4]
* I I sp+offset+ I +ä* 32* 4] <0)

offset+:l;
for(i:0; i<32"4;i++)
{

Iw [i] :I I i+sp+ offset+ä* 32"( 4] ;

)

ll**********:i:*+**:F**********{<*******::.****************:¡.>f ******
Check for flickering of the rms value at either positive or negative

ll waveform side
ll** * * * * ** * * * * * * * {< * {< * * * *s * * * * * * * * * * * ** * * * * * * * * * * * * * * * * * * * {< * * * *

pt_fk:0;
pt-sym=0;

Pt-quat:0;

for(=g' j<4;j++)

{
suml:0.0;
sum2=0.0;
for(i:O; i<16;i++)

{
su m I +=I w I i+j *" 32]* tw [i+ :* 3Z]-

sum2+=Iwli+ 1 6+jx32l xlwI i+ t6+j*32];
)
rmsp I [j]:sq¡t(sum 1)/I6.0;
rmsp2[]:sq¡t(sum2)/ I 6.0;

)

if ( ( (((msp I [O]-rmsp I [ l])x(rmsp I [2]-rmsp 1 [ 1]))>0.0)
&&(fabs(msp I [0]-rmsp I I l])>0. I'rrmsp 1 [ I ] )
&&(fabs(rmspI [2]-rmsp1[ I])>0.IãrmspI t II) )

ll( (((rnspz[O]-rmsp2[ 1])*(rrnsp2[2]-rmsp2[ 1]))>0.0)
&&(fabs(rmsp2[0]-rmsp2[ 1 ] )>0. 1 *rmsp2[ 

1 ] )

&&(fabs(rmsp2l2l-rmsp2[ 1 ] )>0. I xrmsp2 
t I I ) ) )

Pt-fk=1;
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I l* * * * *'4 :n* * * * * * * * * * * * * * * :l :¡ * * * * * * * :3 * :& * * * * * + * * * * ìk * * * * * * * * * * * *

ll C}neck for Asymmetry at each cycle for two continouous cycles
ll':t * * * * * * * * * * * * * * * * * * :i. * * * * * * * * * * * * * * * * * * * * * * *< * * * * * * rf >& * :& * * * *

if((fabs(fabs(rmsp I [0])-fabs(rmsp2[0] ))>0. 1''rmsp I t0l )A&
(fabs(fabs(rmsp 1 [ I ] )-fabs(rmsp2[ 1 ] ))>0. 1 

* r'msp 1 [0] ))
pt_sym:1;

for(i:0j<8;j++)
{

count=0;
for(i=0; i< l5; i++)

{
s I [i]:Iw[i+j" l6+ l]-Iw[i+j* I 6];

if ( ((flag::l)&&(fabs(sl [i])<0.25*rmspl [ 1])&&(s I [i]"s lIi-.1]>0))
ll ((flag=:0)&&(fabs(sl[i])<0.25"rm'sp2[t])A&s1[i])

&&(s1[i]*s1[i-l]>0) )
count+= 1;

)
ll printf('\ Vod",count);

if ((coun>:3)&&(output>3)) // 3 could be changed
output-=3;

if(flag::1) flag=g'
if(fiag==g) flag:l;
break;

)

Im1_o:0.0;
fmt-n=0.0;
Im2_o=0.0;

l¡¡¡? n=0.0i

for (=6¡.6¡**,

{
Iml_o:lml_n'
lmZ_o=Im2_n;

for (i=0;i<15;i++)

{ if(fabs(Iw[i+ I +j'3 I 6] )>:fabs(Iw [i+j* 1 6]))

{

k=i+1+jx16;

)
)

// printf(' \ Vo d Vofvt",k,lw fkl) ;
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if ((((Iwtkl-IwIk-1])/delt)>100.0)
&&(((Iwtkl-Iwlk+ I l)/delt)> 100.0))

Iml_n:Iw[k];
// printf('\ o/od Vod. o/of lof\m" ,k,pt_comput,Iw[k],Im l-n);

for (i=O;i<14;i++)

{ if((fabs(Iw[i+ I +j + 
1 6] )>:fabs(Iw[i+j= I 6] ))

&&((Iwli+ 1 +j* 1 6l) !=Im 1_n)

&&((Iw[i+ I +j* I 6] ) ! =Iwlk- 1 l)
&&((Iwli+ I +j" t 6l) !:Iw[k-2] )

&&((lw[i+l+j" 1 6])!:Iwlk+ I l)
&&((Iwli+ I +j* 161 ) !:lw [k+2]))

{

kk:i+ l+j* lS'
ll printf('\ Vodo/ofn",k,lwlkl);

)
)

if ((((Iwlkkl-IwIkk-1 ] )/delt)> 100.0)

&&(((Iw [kk]-Iw[kk+ I ] )/delt)> 100.0))

{
Pt-comput+:1;

)

1¡?-¡¡:Iw[kk];
//printf('\r %od %od. lof Voîvt" ,kk,pt_comput,Iw [kk] ,Im2_n);

if( (kn 1 _o::0.0) l l (Im2_o::0. 0))
continue;

if((fabs(fabs(Im 1_n)-fabs(Im 1_o))<:0. 1 
xfabs(Im 1_n))

&&(fabs(fabs(Im2_n)-fabs (Im2_o) )<:0. 1 * fabs (Im2_n)))

{
pt-comput+=1;

// printf('\ Vod Vof 7of\m",pt_comput, Iml_o,Im1_n);

)
if ((pt_comput>=0)&&(outpuÞ5))

output-:5;

)
printf('\r 7od\,n",pt_comput) ;

ll printf('\ Vog 7og Vog Vog\rf' , kk,&Iw[kk],Im l_n,Im2_n);
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I l* *** * * ** * * * * + * * * * * * * * * * * * * * * rt * * :l * ** * * * * * * * {< * * * * * * * * * * * * * {< * *

Check for quater cycle asymmetry, useful for fault on wet soil.
ll** * * * * ** * * * * * * * * * * * * I * * * * * * * * * * * * * * * * I * * * * *<:r {< * * * * * * * * * * * * * *
++ú

qpt_sym:0;

for(=O¡.3¡**,
{

sum:0.0;
for(i:0;i<7;i++)
{

sum+:fabs( fabs(IwIi+j* l6]-lwI I 5-i+j* I 6] )
-fabs(IwIi

+ I +j" l6l-Iw[ 15-i-1+j'r I S1¡ ¡'
ll plintf('\

7og Vog V",sum,rmsp2[ l]);
)
if((sum>2* rmsp2[ 1 ] ) &&(counr<3)&&(pr_comput<0))

outptlt+:5;
else if ((sum<msp2[ 1 ])&&(count<3)&&(outpu>5))

outPut:1;
else if((sum>rmsp2[ I ] )&&(count<3 )&&(pt_comput<:0))

output+:1.5;
else

output+:0;

)

ll Set the detection threshold and Output Filtering

temp=pt_slp+(int)(0.5 * (fl oat)qpt_sym)+pt_sym+pr_fk ;

/ / printf(" 7o ùw", t emp) ;
if(temp==g¡

{
if(outpuÞ0)

output-:1;
)
else

output+=temp;

otIii]:sultt¡'

ed.x:10+5*ii;
ed.y:ymax- I 7-ot[ii] xftr;

line(st.x,st.y,ed.x,ed.y);

delay(200);

st.x=ed.x
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st.Y=s¿.t'
if((outpu>threshold)&&(first_time==0))

{
sound(400);

delay(4000);
nosoundQ;

first_time= 1;

)
)
free(Iw);
farfree(I);

/l get afïnal output result beforc taking action -
setcolor(WHITE);

settextstyle( 1,0,2);

moveto(150,43);
if (output>:threshold)

{
outtext("There Is A High Impedance Fault");

)
else

outtext("There Is No High Impedance Fault");
/* clean up */

getchO;

closegraph0;
letuur 0;

)
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#include <stdio.h>

#include <stdlib.h>

#include <math.h>

#include <alloc.h>

int main$

{
int ij,size,num_row,zelo_time;
float t,interval;
float b,aO,al;

float huge *I;

FILE "fp, *fpl;

/þrintf("The name of inputfile from lotus 123 \n");
//gets(fname);

7+ printf("Input the number of rows \n");

// to accept a 5 cols and 3000 rows data file form Lotus l-2-3 print file
sc anf(" o/o d"' &nu m-ro w ) ;

printf('\Input number of cols \n");
s can f(" Vo d", &num _c ol) ;

printf('\Input the interval between two samples\n");
scanf(" 7o?',&interv al) ; */

num_row:3000; // needs to be changed ro 3000

size:15000;
interval=0.00052 1;

fp:fopen("himp.prn","r");
I:(float huge *) farcalloc( size, sizeof(float));

i:0;
fscanf(fp," %of Vof Vof Vof Vofvt",&a0,&b,&b,&b,&b);
a1:a0;
while(a1*a0>0.0)

{
fscanf(fp," Vof %of %of Vof Vofvt",&a,1,&b,&b,&b,&b);
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i++;

)
zero_time=i-;
fclose(fp);

fp=fopen("h i mp.prn","r") ;

fp I :fopen("himp.dat","w") ;

t:0.0-zero_time* interval ;

for' (i:0; icnum_row; i++)

{

fscanf(fp, " o/of Vaf o/of o/of Vofw",&I I i], &I [i+3 000],&I I i+6 000],
&I[i+9000],&lIi+ I 2000] );

i
fclose(fp);

for(:0jcsizej++)
{

t+:interval;
fprintf(fp 1, "7o 12.81 Vo l2.8fn",t,I Ul ) ;

)

fclose(fp 1);

farfree(I);

return 0;
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