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Abstract 

Cornputer relaying has played an important role in power system protection as 

technolo-v advances. Due to the great flexibility of cornputer-based relays. it will be 

applicable to design a general user programmable relay to meet the various relaying 

applications in the utilities. The power group in University of Manitoba has successfully 

implemented such kind of distance relay proto-pe based on Digital Signal Processor 

(DSP). in which different applications adopted a generic piece of hardware capable of 

implementing al1 of the relaying functions but with a capability to expand as the need 

arises. Howrver, the configuration/moditication of custom relay algorithms still rernain 

di ficult for the relay engineers sincs a thorough understanding of C/Assemb ly langage 

and hardware knowledge is required. 

In this thesis. a Graphical User Intertàce (GUI) for the DSP-based distance relay 

was developed, which would assist the relay engineer to design a suitable algorirhm for 

the application and then configure a general purpose relay hardware to run al~orîthms- 

The key part of the developed Graphical User Interface is a graphical block library of 

basic functions for distance relaying. Based o n  the developed G U ,  a Graphical DSP- 

based Distance Reiay (GDDR) was implernented- In addition, evaluation of the GDDR 

relay performance was camed out using laboratory tests, and the eEects of System 

[mpedance Ratio (SIR), fault types, and fault location on the fault pick-up time wers 

investigated. 
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Cha~ter 1 Introduction 

C hapter 1 Introduction 

1.1 Cornputer Relaying 

1.1 .l History o f  Protection Relaying 

Protection relaying is widely adopted to ensure the safe and continuous power 

supply of a power system in which a fault bas developed CI-51. As an important role in 

power protection, protection relaying provides two main hnctions. Firstly, protective 

relaying functions to remove as speedily as possible any section of a power system when 

it suffers a short circuit, or when it starts to operate in any abnormal manner that mi& 

cause damage or interfere with the effective operation of the rest of the system. The 

secondary tûnction of protective relaying is to provide indication of the location and type 

of failure, which may not only assist in expediting repair, but also provide means for 

anaiyzing the effectiveness of the fault prevention, 

A protection relay scheme is composed of one relay or a group of relays. The most 

typical relay schemes may be sorted into five categories: Overcurrent relay, Directional 

relay, Dis tance relay, Unit protection and Balanced current protection. 

The Overcurrent relay, which is widely used on low voltage distribution networks, 

operates when the quantity of current exceeds the hi& set current in the line section 

which develops a fault. The Directional reiay aims to detect the direction using the 

product of the current and voltage, and they usually are used to obtain the 
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directional sensitivity For other relays such as overcurrent and impedance relays. The 

Distance relay defines the relays whose response to the input quantities is primarily a 

function of  the electrical circuit distance between relay location and the point of the fault. 

Unitproteciion protects a system by compannp the current entenng and Ieaving it, which 

should be the same under normal condition and dunng an extemal fault. BaZanced 

current protection is the protection scheme for paraIlel circuits of the same impedance. 

No mal1 y, parallel circuits carry an equai current (balanced current), which will change 

on the occurrence of a fault on al1 of the parallel circuits. 

Different types of relay hardware have been developed and employed in power 

system protection as technology advances. Typically, they may be classified into three 

categories according to their nature: Electromechanical Relays, Static Relays and 

Computer Relays- 

1.1.2 Cornputer Relays 

The field of computer relaying started with relay engïneers' ïnterests in using 

digital cornputers in power system protection. Over the last forty years, computer 

relaying has made great stides with the fast improvement of  computer techniques, from 

the first application using a digital computer in the 1960's to the present microprocessor 

based relays. Computer relays are currentiy playing a major roie in power systern 

protection and the typical architecture of a computer relay is shown in Figure 1.1. 

Cornpared to the other types of relays, computer relays offer the followïngs advantages. 
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Figure 1.1 A Typical Architecture of Cornputer ReIay [SI 

Cost- using a computer reiay in sorne situations will be more cost effective 

than the traditional relays. 

Self-Checking and Reliability- this feature provides more ways to test the 

relay. 

Functional Flexibility - Relay algorithms c m  be programmed to perfonn 

several functions to meet the requirements of different protection schernes. 

The semngs can be adjusted conveniently and prornptly because of 

programmability and communication capability of the computer based relays. 

Adaptive Relaying - Adaptive features can be added. 

-3 University of Manitoba 
Ekîficai Compter Enginawing 

-3- 
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1.1.3 Adaptive relaying 

Adaptive protection has been used in power system protection to some extent Time- 

delay overcurrent relays adapt the operating time to fault current magnitude, and 

directional relays adapt to the direction of the fault current. However, these are 

permanent charactenstics of relay systems and are included as part of the original reiay 

systern to perfiorm a pre-defined hnction. None of these has implemented the adaptive 

protection concept in a comprehensive sense as an on-line, real-time tool. 

With the development of digital relays, the possibility of using digital techniques to 

implement adaptive protection occurred to many researchers. They adciressed different 

adaptive protection concepts in different perspectives. Horowitz, Phadke and Thorp [6] 

described the results of an investigation into the possibilities of using digital techniques 

to adapt transmission system protection and make real-time changes- They defined 

adaptive protection as "a protection philosophy which pemits and seeks to make 

adjlistments to varioz(s protecrion firncti~ns in order to make them more artuned tu 

prevailing power -stem conditions". Jampala, Venkata and Damborg [7] offered a 

different descn-ption of the concept with a difkrent perspective, which is "abili. of the 

protection systern to azttomaricaUy aiter its aperatingpararneters in response to changing 

n e ~ o r k  conditions to main tain optimal pe@?ormance". 

There exist two important characteristics in any protection scheme: security and 

dependability. Dependability measures the relaying equipment's ability to correctly clear 

a fault while security is a measure of the relaying equipment's' tendency not to trip 

incorrectly. Once a non-adaptive relaying system has been designed and installed. its 

secunty and dependability are fixed and cannot respond to changing system conditions. 



Thus, there is ai ways a compromise between security and dependability for non-adaptive 

relaying schemes. On the contrary, adaptive relaying schemes, which make the 

adjustment to various protection Functions, are capable of improving relayïng reliability 

and power system security plus achieving other benefits, such as the improvement of 

speed and sensitivity to vario us €au1 ts under different conditions without losing 

selectivity. 

1.2 Background of this work. 

Commonly, the design of the relays depends mainly on the manufacturers to meet 

the utility relaying problem- Since there are various specific relaying applications in the 

utilities, it will be a tendency to design a generai user programmable relay and the 

configuration~modification of the relays c m  be easily controlled and mastered by the 

utility relay engineers. With the great flexibility of the microprocessor-based relays, this 

approach may become a possibility and occurred to many researchers. 

Dr. McLaren et ai [8] pointed out the concept of " open" system relayhg and 

successfully implement its prototype, in which different applications adopted a generic 

piece of hardware capable of implementing al1 of the relaying functions but with a 

capability to expand as the need arises. Based on their work, the power group in ECE 

department of Universis. of Manitoba has developed several versions of  computer 

(DSP)-based distance relays cumently called the PT relay for the protection of the power 

transmission lines- The PT relay is an adaptive quadrilateral relay and Figure 1.2 shows 

the structure of the PT relay [93. 
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Figure 1.2 Schematic diagram of the PT relay system [9] 

The algorithrns of the PT relay are written in C with ernbedded Assembly language 

to optimize the codes and a typicai code section of the PT relay algorithm is shown in 

Figure 1.3. With the consistent efforts of numerous researchers, the algonthms of the PT 

reIay have been greatly improved and verified in either simulation or real-time 

environment. The PT relay c m  also provide good graphic interfaces to display measured 

results. However, Its text formatted C/assembly programming still rernains difficult for 

the utility relay engineers since a thorough understanding of C/Assernbly language and 

hardware knowledge is required to design the custom relay algorithms. 
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Figurel.3 A Code Section of PT Relay Algorithm 

With the advent of the commercial software RIDE, a graphic user interface may be 

possible which would assist the relay engineer to design a suitable algorithm for the 

application and then configure a general purpose relay hardware to run such an algorithm. 

RIDE is short for Ted-time Integrated Development Environment". Descnbed as a 

superset of the Hypersignal Block Diagram visual environment, it adds support for the 

design, implernentation and analysis of real-time DSP aigorithms and systems. Figure 1.4 

shows a typicd block diagrarn application built in the Hypersignal RIDE environment- 

By dividing the PT relay algorithm hto basic functioas and rewriting them 
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with block diagram format in the RIDE environment, the configuration of relays may be 

im plemented by relay engineers with more facility without special computer knowledge. 

Thus. it is of interest to investigate the possibility of developing such a programmable 

gaphic  user intertàce, 

Figure 1.3 A Typical Block Interface of RIDE 

1 -3 Scope of the present work 

This thesis aims to develop a Graphical User Interface using Digital Signal Processor 

hardware (TMS320C30 DSP board and PC) and commercial software Hypersignal RIDE, 

TI compiler and Visual CH. This interface will provide graphical blocks for the basic 
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relay algorithms, so relay engineets can build their custorn relays with more flexibility. 

This thesis includes the folIowing works: 

1. To develop the 'windows driver' program for the TMS320C30 DSP board using 

Hypersignal Driver Wizard to set up the communication between the DSP and host 

PC. 

2. To build a graphical block diagram library of the basic functions for a distance relay 

using Visual C*, TT compiler and Hypersignal RIDE. 

3. To implement a Graphitai DSP-based Distance Relay (GDDR) for the transmission 

Iine protection usuig the developed Graphical User interface. 

4. To venS the developed GDDR relay using the power system simulation program 

PSCADEMTDC and the RTP. 

5- To study the effects of fauit location, fault type and System Impedance Ratio (SIR) 

on the tnpping tirne using the developed GDDR retay. 

6. To investigate the effects of  adaptive relaying using the developed GDDR reIay under 

different fault conditions. 
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Chapter 2 Development of a graphical 
DSP-based Distance Relay (GDDR) 

2.1 The GDDR relay 

The GDDR relay was developed based on the PT (Power Tower) relay onginaliy 

designed by the UM power system group. The GDDR relay is designed to protect power 

system transmission Iines. A typical block diagram for the GDDR relay is shown in 

Figure 2- 1. 

Trip Signal 

Figure 2.1 Typical Block Diagram of GDDR relay 
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2- 1.1 An ti- Aliasing Fiiter 

According to sarnpling theory, the system sampIing rate must be greater than twice 

the highest fiequency in the onginal anaiog signal. Otherwïse, the original signal can not 

be recovered and represented by the sarnpled data- A low pass filter which removes the 

fiequencies higher than half the sarnpling rate is referred to as an anti-aliasing filter. 

In this work, the semicondutor chip LTC L602 is employed to impiement the function 

of anti-aliasing. The LTC1602 is a jth order lowpass filter with no DC enor. Its unusual 

architecture puts the filter outside the DC path so DC offset and low Frequency noise 

problems are eliminated. ln addition, the filter cutoff frequency is set by an internai clock 

which can be externally dnven, so the ami-aliasing filter's cut-off frequency can be 

adjusted to fol10 w the power s ystem frequency variation. 

2.1.2 Analog-to-digital conversion: 

To utilize the power of the cornputer, analog signals obtained have to be converted to 

digital signals. The basic conversion scheme for most analog-to-digital conversion is 

shown in Figure 2 4 a )  [IO]. The unknown voltage is connected to one input of an analog 

comparator and a tirne-dependent reference voltage is connected to the second input of 

the cornparator. 

The transfer characteristic of the comparator is shown in Figure 2.2 (b). If the input 

voltage VI is greater than V2, the output voltage will be at a positive level corresponding 

to a logic "1". If input V2 is greater than VI, the output voltage will be at a low level, 

corresponding to logic "O". 

To perform a conversion, the reference voltage VR is varied to detemine which of the 

2" possible binary words is closest to the unknown voltage KT. The reference voltage & 

can assume 2" different values of the form 
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Figure 2.2 Analog-to-digital conversion: (a) general scheme; (b) Comparator [LOI 

where VO is a dc reference voltage and A i  are binary coefficients. The logic of the A/D 

converter attempts to choose the coefficients A i  so that the difference between the 

unknown input vc and the set of possible discrete representations of VR is a minimum: 

2.1.3 Digital Bandpass Filter 

Filten are used to pass or attenuate (block) a certain frequency range of a signal and 

can be implemented by either analog or digital approaches. Due to advantages such as 

sofnvare programmability, stability and predictability, no drift with temperature or 

humidity and superior performance-to- cost ratio, digital filters are gaining popularity. 
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Depending on the frequency range that they either pass or attenuate, filters can be 

ciassified into four types: lowpass filters, high pass filters, bandpass filters(to p a s  a 

certain band of frequencies) and bandstop filters (to attenuate a certain band of 

Eequencies). Digital filten c m  also be classified as FIR (finite impulse response) filter 

and I R  (infinite impulse response) based on their impulse response, the response of a 

filter to an input that is an impulse. The irnpuise response o f  FR filters falls to zero after 

a finite amount of time while the response of UR filters exists indefinitely. 

In this work, although the onginal analoç signals are sampled at one rate for display 

purposes, the samples are decimated to a lower sampling rate before being applied to the 

relay algorithm. This results in a fast execution time, but may cause an aliasing effect In 

addition, sub-harmonies may exist in the signais. To ebminate the above problems, a 

bandpass digital filter was designed and emplo yed. 

2.1.1 DFT& FFT 

The Discrete Fourier Transform (DFT) is used to obtain the representation of the 

finite-length signal (sampled version of the original signal) in the fiequency domain, 

while the FFT is one of the fast computation methods of implementing multiple DFT. For 

a finite length s ipa l  x[n] defined over the range WnCN , the DFT of such a signal is 

given by 

k-l 2 h  2rrkn = $n] * [cos(-) - j sin(-)] 
11=0 iv N 

For periodic and real signals in a power system, the DFT coefficients m] actuaily 

provide the amplitude and phase information of the harmonic components of the 
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original signals. Therefore, the real part R,(X[k]) and imaginary part I,,, ( X [ k ] )  of the 

DFT coefficients can be shown as the following 

k-l 2 m h  
1, ( X [ k ] )  = -c <n ] * j sin(-) 

11=0 N 

In tems of  the amplitude and phase, these equations can be recast as 

where k is the harmonic number- 

The FFTlDFT is a basic for digital relay technique, and the relay algorithms are 

achieved after the fundamental components of signals are extracted using DFTEFT. 

2.1.5 Relay Aïgorithm 

The developed relay algorithm is based on the PT relay and includes the following 

main functions. 

To calculate the phase-phase/phase-ground impedance 

To calculate Direction Impedance (Incremental Positive Sequence Impedance) and 

pre-fault impedance (Load impedance) 

To determine the fault type and fault direction 

To adapt the trip zone for the faulted phase 

To send a trip signal if a fault is detected. 
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2.2 Organization of the Block Diagram for the GDDR relay 

To develop a graphical user interface for the GDDR relay using Hypersignal 

RIDE. the relay algorithm was divided into individual fiinction blocks to obtain the most 

flexible and independent u t ih thon of each block. In this way, the relay algorithm c m  be 

easily built, configured, modified and executed. According to their functions, the blocks 

were assigned into different lïbrarïes and groups as Iisted in Table 2- 1. 

Table 2.1 Description o f  Block Function for GDDR 

Note: RT.SI and UC represent Real-time, Simulation and User Conuol bIock respectiveiy 
F I I I 

Group List / Function (block) 
List 

Block Fmction Description 

MD Functions 

DE 

LoadImp 1 Calculate load irnpedance. RT 
I 

Daqu 

Direction Element. determine the fault direction, RT 

Elements 

1 Ps 1 Determine fauited phase and fault type. RT 

~nti-aliasing filter and A/D sarnpling, RT 

Set parameter for the T-Lhe pro tected. adjust the 
tnD zone if there is a fauk RT 

DirLmp 

Determine whether the calculated impedance run 
into the m ï ~  zone. RT 

Calculate direction impedance, RT 

Relay Type Ground Rela 

Sequence Sequence 120 

1 M h e t i c  1 incremental Caculator 

Draw the zone and ïmpedance, SI 

Calculate phase to gound impedance, RT 

CalcuIate phase to phase impedance, RT 

Calculate sequence components, RT 

Calculate the incremental value of input signals,RT 

Fault Element 1 FltDetect 

Hierarch y 

2-channel X Display 

DEC&FFT 
I 

Composed of  Decimate and FFT blocks, RT 

Display 

Send a t r ï ~  signai to serial port if there is a fault. RT 1 

Digital Display 

Display phase current and voltage, SI 

Display trip zone and calculated impedance, SI 
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1 User Control 1 Horizontal S lider ( SIider to visually control the parameters. CIC 1 

RT data 
Transfer 

2.3 Creation of custom function blocks using Hypersignal Block Wizard 

RIDE provides both the simulation and real-time function libran-es. which include 

some general fùnction blocks such as Anthmetic blocks etc. These finctions are ready to 

use and can be easily comected to impiement some applications. However. the custom 

function blocks of the GDDR relay as described in Section 2.2 have to be created in the 

RIDE to implement the relay algorithms. Hypersignal R D E  includes the Block Wizard 

which c m  facilitate the creation of user defined blocks (DLLs) for use within 

Hypersignal Block Diagram/R[D E. The following steps briefly iliustrate the procedure of 

creating such a custom function block- 

Define the block characteristics using prompted dialog boxes of the Block Wizard. 

The main charactenstics include the name of the custorn block, the narne of the 

Iibrary stonng the block, block pattern (Simulation, Real-time or User control), block 

type (Input, Output or Process), input/output number and some user defined 

parameters. Fiagure 2.3 shows a typical dialog box of Block Wizard to set the library, 

group and menu names for the custom block, 

Generate Source Code. AAer al1 the block characteristics have been defined, the 

Block Wizard will create 14 files for a simulation block or 16 files for a real-time 

block. These source files are used to set-up the basic code h e  of the custom block. 

DSP to PC 

PC to DSP 

II-- University of Manitoba - 16- 
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Upload data to PC 

Download data to DSP 



3. Produce the DLL file using Microsoft Visual C +(Version 6.0). This step is the core 

part of the process, and it includes editing the source file (B1ock.C) to add code that 

implements the custom block function, compiling and linking the source code to 

aeate the block DLL- For a real-time block, the code to perform a custom h c t i o n  

will be added to the DSP source file (-Block.C)- Then, the DSP source file will be 

compiled using the TI compiler and the DSP object file with ,OBJ extension will be 

generated, (Block is the name of the custom block) 

MenuName (Daqu 

Short D e  bnalog tc Digital conversion 

This block is used to acquire anabg input data. The data is not sarnded 
frarne by frame. A moving window method is employed h this N D  block 

Figure 2.3 Dialog box of Block Wizard 

4. Add the custorn block to Hypersignal RIDE. Copy the generated file Block-DLL 

(block is name of new block) and Object file (Real-time block) to the comesponding 

directory, then the custom block can be created in RIDE by using the "Add New 

University of Manitoba -17- 
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Block" function. The custom block will be located in the library defined in Block 

Wizard Diaiog Box. 

5. Use the custom block- The custom block can be seiected using the RIDE Block 

Function Sefector and be added to the worksheet for use- 

In this work, there are 13 custom fimction blocks developed for the GDDR relay to 

implement the basic relay algorithm. These blocks can be used independently and are 

stored into diffèrent groups in the 1ibrar-y of "Protection ReIays". Details of each block 

will be explained in the folIowing section. 

2.4 Developed library of graphical blocks for GDDR relay 

2.4.1 N D  block function 

The employed A/D hardware is a custom 12-bit analog-to-digital converter with 9 

sirnultaneous sampled independent input channels designed by LW- E. Dirks, the 

technologist in this Department. For the sampling of the original signals, a "moving data 

window" approach is used. After the first sampling cycle, only one new sampled point is 

moved uito the data window to rcplace the oldest sampled point. The "moving data 

window" is a power system cycle long and is a basic unit for calculation. The use of a 

moving window allows for faster detection of a signal change than the cycle by cycle 

sampling approach, 

Figure 2-4 (a) shows the N D  sampling block interface which was buiIt in 

Hypersignal RIDE. It has six outputs: outputs 1-3 are the three phase current signals, and 

outputs 4-6 output the thee phase voltage signals. The parameter settings interface is 

shown in Figure 2.4 (b). Parameter SamplingRate is used to set the sampling rate of the 
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N D  board, w hile Framesize determines the number of sarnples to be acquired and output 

to the subsequent blocks. Parameters Gain-Current and Gain-Voltage can be set to adjust 

the gain of current and voltage signals sampled. 

(a) A/D block Interface 

(b) Parameter Settings Interface 

Figure 2.1 Interface of Analog to Digital Function 

c% University of Manitoba -19- 
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2.1.2 Digital filter function 

The digital bandpass filter is ernployed to remove both low fkequency and hi& 

frequency components from the sarnpled signals. Figure 2.5 (a) displays the block 

interface, while the interface for parameter settings supported by  RIDE is shown in 

Figure 3.5 (b)- 

(a) Block Interface 

(b) Parameter Settings Interface 

Figure 2.5 interface of Digital Bandpass Filter Block 

To design a digital filter, select Filter Type and Filter Design (IR or FR filter) 

first. Then, the filter parameters shown in the left side of the box can be set according to 

the design requirements. RIDE also provides a testing function for the developed filter. 
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Once the design is done, the design goal, impulse response, frequency response and phase 

response can be used to check the design and effect of the filter. If necessary, adjustments 

can be applied to the filter. In this relay, the centre frequency is 60 H z ,  and the other 

parameters are set according to the relay requirements. 

2.4.3 Decimate/FFT block 

The DEC&FFT block has two functions: signal decimation, and FFT calculation, 

The original signal is sampled at 64 or 32 points per power system cycle for a smooth 

wavefom display. However, to reduce the execution time of the algorithrns, the sampled 

signais (64 or 32 samples) will be decimated to 8 samples. The decimated data wiIl then 

be processed with a FFT to obtain the fundamental frequency information of the filtered 

sampled signals. As shown in Figure 2.6, there are three inputs that can be either voltage 

or current signals- The six outputs represent both the real and imaginary parts of the 

fundamental components of the input signals respectively. 

Figure 2.6 Interface of DecimateEFT Block 
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2.4.4 Impedance Element 

(a) Phase Distance Elements (b) Ground Distance Elements 

Figure 2.7 Block Interface of Irnpedance Eiement 

Fun d o n  and primciple: 

The graphical intenaces of the impedance element block are shown in Figure 2.7. 

These blocks aim to measure the phase-ground and phase-phase impedance of the 

monitored power system. Generally, there exist six impedance measunng elements: three 

oround impedance elements for phase to ground faults and three phase impedance 
C 

elements for phase to phase fault The calculations are based on the following equations 

[E 1: 

Ground impedance elements: Za = Va 
[a + k h  

Vab f hase impedance elements: Zab = - 
fa -16 

Vbc Zbc = - 
Ib - Cc 

Vca 
zca = - 

Tc - la 
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where Va, Vb, Vc, Vab, Vbc, Vca are the measured three phase- ground and 

phase-phase voltages at the relay location. la, ib, Ic are the measured three phase 

currents, while Io is the zero sequence current- 

The factor k = cornpensates for the difference between the positive and 
Ztl 

zero sequence impedance of the fauit loop. Z[o, ZI, are the zero sequence and positive 

sequence impedance of the protected transmission line respectively. 

in 3-pole mïpping systems, no element should trip for a fault outside of its 

distance zone, while in single pole tripping systems, a11 elements should oniy pick up for 

their corresponding fault. in practice, more than one impedance distance element may 

-ES %EN PHASE RELAYS ARlMi 
WSE-PMA$E FYILFS- 

Figure 2.8 Typical zones of measurement for the 6 elements of an impedance relay [ I l ]  
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pick up for the sarne fault (as shown in Figure 2.8 C I  II), even though they were designed 

for different fault types. Therefore, when a single pole tripping scheme is employed, the 

phase selection associated with the impedance measurernent is required to identify the 

fault type and avoid misoperation of the breaker- 

Inputs and Ouîputs: 

Inputs for both phase impedance element and ground impedance element are same. 

Input I : The reai part of Phase A voltage 

Input2 The imaginary part of Phase A voltage. 

Input3: The real part of Phase B voltage. 

input4: The irnaginary part of  Phase E voltage. 

Input2 The real part of Phase C voltage. 

Input6: The imaginary part of Phase C voltage. 

Input7: The real part of Phase A cment- 

Inputs: The imaginary part of Phase A current. 

Input9: The real part of Phase B current. 

Input 1 0: The imaginary part of Phase B current. 

Input 1 1  : The real part of P hase C current. 

Input 12: The imaginary part of Phase C current. 

Outputs for Ground Impedance Element: 

Output 1 : Resistance of Za 

Ouput2: Reactance of Za 

Output3 Resistance of Zb 
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Ouput4: Reactance of Zb 

Output5: Resistance of Zc 

Ouput6: Reactance of Zc 

Outputs for Phase Irnpedance Elernent: 

Output I : Resistance of Zab, 

Ouput2: Reactance o f  Zab. 

Output3 : Resistance of  Zbc. 

Ouputl: Reactance of Zbc, 

Outpuu': Resistance of  Zca, 

Ouput6: Reactance of Zca- 

Parameters Serting.. 

Figure 2.9 shows the interfaces for the parameter settings. For ground impedance 

elements, parameter k is used to compensate for the difference between the positive and 

zero sequence impedance of the fault loop. The value of k can be selected and adjusted 

according to the properties of the protected line. There is no parameter setting for phase 

impedance elernents- 
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(a) Parameter Sethgs for Ground Element 

(b) Parameter Semngs for Phase Element 

Figure 2.9 Interface of parameter settings for impedance Element Block 



2.4.5 Load Impedance (LI) Element 

(a) Block Interface 

(b) Parameter Settings Interface 

Figure 2.10 Interface of Load Impedance Element 

Function: 

The Load Irnpedance Element provides the pre-fault load impedance that will be 

used by the AdapZone block (section 24.1 1) to do the horizontal expansion (Figure 

2.10). During a fault, it will provide the relay with the pre-fault load impedance within a 

certain period afier the fault. 
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Inputs and out pu^: 

Input 1 : The real part o f  measured impedance (resistance). 

Input2 The imaçinary part o f  measured impedance ( reactance). 

Output 1 : The reai part of pre-fault impedance. 

Output2 The imaginary part of pre-fault impedance. 

Outputj: A flag Lld id, high Ievel means the validation of the Output l and 2. - 

Param eter Setting: 

There is no parameter setting for this block. 

2.4.6 Sequence element 

(a) Block Interface 

1 QK 1 Gmcd 1 IrJo--- 1 !W 1. 
(b) Parameter Settings Interface 

Figure 2.1 1 Interface of  Sequence Element 
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Functinn and Principle: 

The Sequence block sho-wn in Figure 2- L L calculates the sequence components of 

the three phase currents or voltages. Nonnally, a three-phase power system is balanced. 

When a fault (except for symmetrical fault) develops. the symmetry of the power system 

is broken and unbalanced currents and voltages appear. 

S_vmmetrÏcal component theory provides a method to analyze the fault conditions- 

By applying the 'Principle of Superposition', any general three-phase system of vecton 

may be replaced by three sets of balanced (symrnetncal) vectors; two sets are three-phase 

but having opposite phase rotation and one set is CO-phasal- These vector sets are labeled 

the 0 12 sets and also described as positive. negative and zero sequence sets respectively. 

The relationship between phase and sequence quantities of voltage are @en 

below: 

i 4 3  
Where a =--+ j- 

3 - 3 - 
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Similady, the relationship between phase and sequence current can be obtained as 

The positive sequence components of voltage and current are used by the DI 

block (section 2-47) to calculate the incrernental positive sequence impedance. and the 

zero sequence current will be used by the PS block (section 2-4.9). 

inputs and Outputs: 

Input 1, 7: Phase A voltage or current ( Real and Imaginary part) 

Inpufi, 4: Phase B voltage or current (Reai and h a g i n q  part) 

[nputj, 6: Phase C voltage or current (Real and haginary part) 

Output l ,2:  Positive sequence voltage (Real and Irnaginary part). 

Output3,4: Negative sequence voltage (Real and imaginary part). 

Outputj, 6:  Zero sequence voltage (Real and haginary part). 

Parameters Setting: 

There is no pararneter setîing in this block. 

=n University of Manitoh -3 O- 
7 E*sb*il* c0mpit.r Enginrriiy 



Chapter 2 Develo~rnent of a graohical DSP-based Distance Relay (GDDR) 

2.4.7 Directional Impedance (DI) Element 

(a) BIock Interface 

(b) Parameter Setting Interface 

Figure 2.12 Interface of Direction impedance Element 

Fun ciion and principle: 

The Direction Impedance block as shown in Figure 2.12 is progafnmed to 

calculate the directional impedance, which will be used by the block DE (directional 

element. section 2.4.8) to determine whether the fault is a forward or reverse fault. The 

Positive Sequence Inmemental Impedance (PSII) AZi is selected to be the target 

directional impedance because of boih convergence and its availability in various fault 

situations [ 121. 
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For a forward fault, in a single transmission line system, A&=-Z,, where 2, is the 

positive sequence impedance from the relay busbar to the source Es, For a reverse fault, 

on the same line, U i = Z s .  where Z ,  is the positive sequence impedance from the relay 

point to the remote source EsT [ 131, 

The inputs to this block are the incremental positive sequence voltage and current, 

which represent the difference between the positive sequence voltage and current of the 

present cycle and that of several cycles ago. When a fault occun in the system, 

incremental positive sequence current AIi is detected and compared to the pre-set value. 

I f  IAII 1 exceeds the pre-set value of the parameter (1-set), the Lor will be set to logic 1 and 

hZI will be calculated. Othenvise, no calculation will be done, 

Inputs and Outpuis: 

Input 1 : The reai part of incremental positive seguence voltage. 

Input2 The imaginary part of incremental positive sequence voltage. 

Input3 : The reai part of incrernental positive sequence current. 

Input4: The imaginary part of incremental positive sequence current- 

Output 1 : The real part of incrementaI positive impedance A& 

Output2 The imaginary part of incremental positive impedance 

Output3: logic output LDir that determines whether AZ1 is valid. If Loi, is high, 

1 set: The pre-setting value of incremental positive current based on the protected 

system. The incremental positive sequence impedance will be calculated only if the 

measured incremental positive sequence current exceeds this pre-setting value. 
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2.4.8 Direction Elernent (DE) 

(a) Block Interface 

N a :  ( F E i ' Z F J  

(b) Parameter Settings Interface 

Figure 2.13 Interface of Direction Element 

Fun ciion and Principle: 

The Direction Element s hown in Figure 2.1 3 determines the direction of the fault, 

and its inputs are the three outputs of the DI element (section 2.4.7). The DE block will 

function based on the logic level of the input Loir. A Logic 1 (high) of Lw wil1 enable the 

DE block, and the Mi will be compared with a pre-set zone as shown in Figure 2.14. If 
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the AZ is inside the zone, the fault is a fonvard fault and a logic 1 will be output. On the 

contrary, if A2 1 is outside the zone, a reverse fault is indicated and the output will be O. 

Figure 2.14 Typicai Pre-set Zone of DE Element 

Inputs and 0utput.c 

Input l : Loi,, the output1 of DI elernent. 

Input2 Real part of the Incremental positive impedance A2 I ( the output2 of DI 

element). 

Inpui3: Imaginary part of the incrementai positive impedance A2 1 ( the output3 of DI 

element ). 

Output: Logic signal Dir, hi& level (1) indicates a forward fault and Low Level (O) 

indicates a reverse fault. 

Param eter Settrng: 

Parameters Xo, Ya, X i ,  Yi,  Xz, Y?, X3, Y3 are the coordinates of the pre-set zone, 

which are detemined by the protected power system. 
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24.9 Phase Selection (PS) Element 

(a) Block interface 

Namc- 

Board tk 

DSP #: 

Idsmgt 

Sync In: 

S m  Out 

Rofb: 

(b) Parameter Settings Intertàce 

Figure 2.15 Interface of  Phase Selection Block 

Fun crion and prin ciple: 

The Phase Selection element shown in Figure 2.L5 aims to decide which 

measured impedance represents the impedance in the fault loop, and therefore to 

determine the fault type. The ratios of the phase to phase current wi-th the combination of 

zero sequence current under different fault conditions are shown in Table 2.2. The 

algorithm of the Phase Selection element is denved fiom these ratios 191. 
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Table 2.2 The Ratio of the Inmemental Phase to Phase Current [9] 

rllab Aka Aica 1 Nbc Aibc U u b  
Where %c~=H ~ i b c  %ci='-( ~ i b c  .aab  MU^ , ~ b ~ l - l   MU^ .*cai=l-{ Aica *rr~I-l, U c a  

Fauit 

AG 

BG 

I CG 

l 

and AIab, AI&, A L  are incremental phase to phase currents. The PS element has four 

current related inputs and six outputs representing six phase selection flags: S,, Sb, Sc, Sab, 

10 

>O 

>O 

>O 

O 

.Sb=, Sc=- These flags will be set according to the fault type, which is tabulated in Table 

Table 2.3 Seîting of Phase Seiection FZags (for typical fault conditions) 
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Inputs and Outpuiir: 

Input I : Ampli tude of incrementai phase A to B cm-ent ( /Aab/ ) 

Input2 Amplitude of incremental phase 8 to C current ( lAIabl ) 

Input3 : Amplitude of incremental phase C to A cunent ( [Aiab/ ) 

Input4: Amplitude of zero sequence current ( Ilo/ ) 

Output 1 : Phase selection flag Sa 

Output2 Phase selection Bag Sb 

Output3: Phase selection flag Sc 

Output4: Phase selection flag Sab 

OutputS: Phase selection flag Sa 

Output6: Phase selection flag Sc, 

Parameters Sethkg: 

The parameter 'Iqreset' is a preset current value. The PS element will run only 

when the amplitude of the incremental phase to phase currents is greater than this preset 

current value. For diflerent transmission line systems, this parameter should be chosen 

differentl y. 
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2.4.10 Incremental Calculator Block 

bml I 

2 * Z 

(a) Block Interface 

(b) Parameter Settings Interface 

Figure 2. 16 interface o f  lncremental Calculator 

Fun ciion : 

The hcremental Calculator block (Figure 2.16) calculates the incremental vaiue 

of  the input signals which can be either a real value or a complex value. In the GDDR 

relay, it is used to calculate the incremental positive sequence voltages and currents. 
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1rrput.s and Outpu&: 

Input 1 : Signal 1 to be calculated. 

Input2: Signal 2 to be calculated, 

Output 1 : Incremental Vahe of input signal 1. 

Output2 Incrernental Value of input signal 2. 

Parameters Setting: 

There are no parameters setting for this block. 

2.4.11 Adaptive Zone Block 

Figure 2-17 Interface of Adaptive Zone Block 

Fun ction and Principle: 

The function of the Adaptive Zone block shown in Figure 2.17 is to adapt the 

protection zone to obtain a better setting for the present condition of the protected systern 

during a fault. in this situation, the relay can operate faster and be attuned to the fault 

direction. The algorithm flowchart of the Adaptive Zone block is depicted by Figure 2.1 8. 

To implement the adaptive function, horizontal and vertical expansion of the trip 

zone will be perfomed separately based on their own embedded logic conditions dunng 

a fault [9]. If the conditions for horizontal expansion are satisfied, the trip zone is 

expanded in both directions along the R axis shown in Figure 2.19. The amount of 
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expansion can also be  controlled. Likewise, if the conditions for vertical expansion are 

met, the trip zone will be expanded vertically. The fault direction wiIl determine the 

mode of the vertical expansion. Figure 2.20 il 1 ustrates the typical vertical expansions 

under both forward and reverse fault, 

w 

Adap tive3 

No 1 Yes 

Horizontai 
Expansion? 

C 
I -ModifL the zone horizontally 

I I 
Vertical 

Expans ion? 

I ModiQ the zone vertically 
I I 

Figure 2.18 Flowchart of the Adaptive Function 
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(a) Logic Selection for Horizontal Expansion 

(b) Typical Horizontal Expansion of Trip Zone 

Figure 2.19 Horizontal Expansion of Adaptive Function 

When there is a forward fault, the relay will expand its protection in both the 

horizontal and vemcal direction. The benefit of this is that the near zero impedance of the 

close-up fonvard fault is well inside the trip zone as opposed to being on the boundary of 

the prefault zone. However, during a reverse fault, only the vertical expansion will be 

employed. The benefit is that the near zero impedance of the close-up reverse fault is well 

outside the trip zone. 

Ufliversity of Manitoba -31- 
Ektricsl  h Compltn Enginraring 



Chaoter 2 Devetoornent of a gra~hical DSP-based Distance Relav (GDDR) 

(a) Logic Selechon for Vertical Expansion 

(b) Typical Vertical Expansion of Trip Zone 
Lefi: Forward Fault Condition; Right: Reverse Fault Condition 

Figure 2.20 Vertical Expansion of  Adaptive Function 

The expansion of trip zones has several advantages. Firstly, it provides a larger 

trip zone for the forward fault which enhances its i d e n t i m g  ability during a fonvard 

fault and reduces its misoperation opportunities dunng a reverse fault. Secondly, it offers 

the possibility of quicker location of the fault, since the measured impedance can more 

quickly enter into the expanded trip zone than that of  the prefault trip zone. 
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fnputs and Outpurs= 

Input 1- Zld-Re, the resistance of Ioad impedance 

Input2-Zdir-Im. the reactance of incremental positive impedance 

Input3-Dir (output of DE element) 

Input4 -Loir (Output3 of Dl element) 

Input5 -LId - ~d (Output3 of LI element) 

Input6 -Sm (a is a, b, c, ab, bc or ca) 

input7 -PTmode, which is used to disable or enable the vertical modification of 

the protection zone and its value. it is determined by the sening of the 

rela y. 

Output 1 -coordinates of expanded trip zone: Xo, Yo, XI, Y 1, XZ, Y?, X3, YI 

Parameter Senings: (Shown in Figure 2.2 1 ) 

1. The protected transmission line impedance, PT &CT ratio and relay reach can be set 

in the 'system setting' group. 

2. There are hvo relay types available: A PT-relay or a mho-relay. I f  'mho-relay' is 

chosen, set its offset in the 'setting for mho relay' group. If 'PT-relay' is selected, its 

comesponding offsets need to be set in the 'setting for PT relay' group. These 

parameters will determine the prefault zone according to the protected Iine 

3 I f  the 'adaptive' item is selected, the adaptive feature will be employed. Othenvise, 

the pre-set values (coordinates of four points which define the zone) will be fixed. 
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4. If the adaptive fùnction is selected, set the pretèrable value o f  parameter "Adaptive 

K" The "Adaptive K" will determine how much the zone will be  expanded. 

r Sethg for PT rdayr 
I 

i 
i 

1 

Relqc Type: 
f 
L ! il 

Figure 2.2 1 Interface for Parameter Settings of Adaptive Zone Block 

University of Manitob -44- 



Chapter 2 Development of a gra~hical DSP-based Distance Relav (GDDR) 

2.4.12 TripZone Block 

(a) B tock Interface 

(b) Parameter Settings Interface 

Figure 2.22 Interface o f  TnpZone Block 

Fun ction: 

The TnpZone block as shown in Figure 2.22 will determine whether the 

impedance rneasured by the Phase or Ground Distance Elements is within the adapted 

protection zone. If the measured impedance falls within the trip zone, this block will 

output a logic 1. Otherwise, a logic O wilI be output. 
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Input and outpur: 

Input 1: The coordinates o f  the modified protection zone. 

Inpu t2  The resistance of  the measured impedance. 

Inputj: The reactance of the measured irnpedance. 

Output: The logic trip signal' either a O or 1. 

Semng of Parameters: 

There is no parameter setting for this block 

2.4.13 FauIt Detection BIock 

5 b 

6 e El 
(a) Block Interface 

(b) Parameter Settings interface 

Figure 2.23 Interface of  Fault Detection Block 
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Function : 

The 'Fault Detection' block as shown in Figure 2.23 will decide whether or not to 

generate a trip signal based on the outputs fiorn both the TrÏpZone blocks and the Phase 

Selection element If the fault conditions are detected, the Fault Detection block will send 

a logic high signal io senal ports which will be  used as the trip of the breaker. It can also 

be used for relay aigorithm testing such as whether the relay algorithm can find the fault, 

how long it will take the aigorithm to locate the fault and so forth. 

Iitputs and Ouiputs: 

Input L : Logic AND of TripZone Output with Phase Selection Output 1 (Relay A). 

Input2 Logic AND of TnpZone Output with Phase Selection Output2 (Relay B). 

Input3 Logic AND of TripZone Output with Phase Selection Output3 (Relay C ) .  

input4 Logic AND of Tripzone Output with Phase Selection Output4 (Relay AB). 

LnputS: Logic AND of TripZone Output with Phase Selection Output5 (Relay BC). 

Input6: Logic AND of TripZone Output with Phase Selection Output6 (Relay CA). 

Parameters Setting: 

There is no parameter setting for this block. 
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2.5 Implementation of the GDDR relay 

Based on the developed graphical block library and the libraries provided by 

Hypersignal RIDE, the following steps are adopted to design a typical Graphical DSP- 

based Distance Relay (GDDR) for the transmissions line protection. 

Setup o f  the GDDR reIay Block Diagram 

Three steps were carrïed out to create the block diagram of the GDDR relay in the 

Hypersignal RIDE environment- 

Step I : Opened a new worksheet in Hypersignal RIDE 

StepZ: Selected the function blocks according to the relay algorithm and placed them on 

this worksheet, 

Step3: Comected the function blocks. The block's input/output terminais are the bridges 

for the connection. "Connecting" blocks is referred to as a process of  establishing the 

Data Flow Relationship among blocks by joining up their inputs/outputs. 

The developed biock diagram of the GDDR relay is composed of the Block Core 

and DispIay/Control interface as shown in Figure 2.24 and Figure 2.25. The Block Core 

includes the function blocks employed in the GDDR relay and their connection 

relationships. The DisplayKontrol interface consists of bo th display and user control 

sections. The display section shows the instantaneous values of three-phase voltage and 

current wavefoms, fault direction selection as well as the six graphical protection zones 

of the impedance elements. The PT ratio, CT ratio and other pre-set parameters used for 

calculation can be set in the control section, 
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Configuration 

The configuration of  the GDDR relay includes: 

1. Set the parameters in AdapZone Block. I.E. input the Transmission Line protected 

impedance, and select the trip zone and other parameters as descrïbed in Section 

2-4.1 1, 

3. Set Zone parameters in DE block as descnied in Section2.4.8 

3. Set parameters in Dirlmp and PS as illustrated in SectionZ-47 and Sectionl.4.8. 

4. Set sampling rate. framesize, Gain-Current and Gain-Voltage in N D  sampling 

block as illustrated in Section 2-4- 1 - 

Compilation and Execution of GDDR relay 

The GDDR relay can be executed in the Hypersignal RIDE environment after it is 

compiled by selecting the Compile Comrnand of Hypenignal RIDE. 

Generation of stand-alone application 

After the relay aigorithm is verïfied, the GDDR relay can be exported to a 

standard COFF file for use with an embedded DSP through Hypersignal RIDE'S expon 

capability and Hyperception Application Interface (HAPPI) product. 
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Figure 2.24 Block Core ofthe Developed GDDR relay Block Diagram 
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Figure 2.25 Display/Control Interface of the Developed GDDR relay 
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Chapter 3 Testing of Graphical DSP-based 
Distance Relay 

3.1 Lab Set-up for GDDR Testine 
To evalÜate the perfonnancewof the developed GDDR relay, a lab set-up was 

displayed in Figure3.1. Its schematic diagram is shown in Figure 3 -2. 

Figure 3.1 Lab Set-up of GDDR Testing 

3@ CurrenUVoltage 
amlog signal 

Figure 3 -2 Schematic Diagram of Lab Set-up 
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3.1.1 PSCAD/EMTDC software package. 

PSCADIEMTDC V3.0 is a MS windows operating system based Application 

package developed by the Manitoba HVDC Research Center. It is a simulator for electric 

circuits used in low voltage power electronics systems, high voltage DC transmission 

(HVDC) and flexible AC transmission systems (FACTS), as well as distribution systems 

and cornplex controIlers. In this work, it was used extensively to simulate a power system 

and generate the fault waveforms used by Playback (RTP). 

3.1.2 Real time playback simulator 

The Real Time Playback (RTP) developed by the Power group and Manitoba 

HVDC Research Centre is a cornputer based waveform playback system with 12 analog 

outputs and 16 logic inputs/outputs. Best described as an arbitrary waveform generator, 

the RTP can replay any waveform generated b y PSCAD/EiMTDC for testing protection, 

control or measurement system. In addition, the RTP can generate practical analog 

signals from on-line recordeci data files or created by the RIT S T A E  progrm. The RTP 

has an advanced graphical interface for displaying and controlling waveforms and a 

Batch playback mode for automated testing. in this work, the RTP was employed to feed 

the analog signals into the developed GDDR relay. 

3.1.3 Testing procedure 

The procedure for testing the GDDR relay is described as follows: 

I. A practical single transmission Iine system case is simulated in PSCADEMTDC. 

The wavefoms generated by PSCAD/EMTDC under different operation 

conditions are stored in data files. 
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2. The data files obtained fiom PSCAD/EMTDC will be loaded by the RTP (Real- 

time Playback) software. The PC mnning RTP will output the simulated current 

and voltage signais to the developed GDDR relay. In addition, the logic signals 

set by the customer can be output at the same time. 

3 The three phase voltage and current signais are then sampled and processed by the 

developed GDDR relay mnning in both the PC and DSP. The PC displays the 

instantaneous values of the three phase current and voltage s i p d s ,  calculated 

apparent impedance and their locations in the impedance planes, while the DSP 

runs the relay algorithms and monitors the systern status. If there is a fault in the 

system, the fault type will be detemined and a logic signal representing the trip 

signal will be generated. 

1. This generated logic output signal is sent to either the DSA (Digitizing Signal 

Anaiyzer) or the RTP to monitor the interval beo~een the fault start instant and 

the trip instant. (Le. operating time O ffered by the developed GDDR relay). 

3.2 Simulation case and fault waveforms 

A typical power system with one transmission Iine comecting two sources is 

simulated in PSCAD/EMTDC as shown in Figure 3.3. 

Figure 3.3 PSCADlEMTDC Simulation System 
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All typicai fault types were simulaîed and nui in PSCADEMTDC. Figures 3.4 

(a), (b), (c) and (d) show the typical voltage and current waveforms under AG, BC, BCG 

and ABCG fault conditions. 

(a) AG fault (b) BC fault 

(c) BCG fault (d) ABCG fault 

Figure 3.4 AG, BC, BCG, ABCG fault current and voltage wavefoms 
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The RTP reads the data files generated fiom the PSCAD/EMTDC software and 

outputs the corresponding analog voltage and current signals. The typicai interface of the 

RTP with waveform to be dispiayed is shown in Figure 3.5. 

(a) 34, voltage wavefonn 

(b) 3 4  current wavefonn 

Figure 3 -5 Real Tirne Playback interface 
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3.3 Testing Results 

Al1 the real-time and simulation biocks (section 2.3) devetoped for the GDDR 

relay have been tested individually in the Hypersignai RIDE environment using software 

rnethods. The following testing was performed to evaluate the GDDR relay as an 

integrated unit- 

3.3.1 Fault Phase selection test 

Different fault conditions were simulated in PSCADELMTDC, and the waveforms 

generated were applied to the GDDR using the RTP simulator. The cornparison between 

applied faults and the fault types determined by the GDDR relay is shown in Table 3.1. 

These results show that the phase selection element is capable of picking up the faulted 

phases and can identie the fault type under al1 fauIt condition tested- 

Table 3.1 Venfication results of phase seiection 

AB 

BC 

- --CA . . 

ABG - 
BCG. - 

Note: Sa, Sb, Sc, Sab, Sbc, Sca (see section 2.3 for explanation) 
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3.32 Determination of fault direction test 

Both forward faults (fault at location Ff in Figure 3.3) and reverse faults (fault at 

location Fr in Figure 3.3) were simulated and tested. The output of the DE (Direction 

Element) of the GDDR was programmed to monitor these conditions: a logïc "1" for a 

forward fault and a logic ''0" for a reverse fault. In the test, the DE element will always 

3 

n 

give the proper logic output value ai 

relay can determine the fault directioi 

shown in Figure 3 -6- This verïfies that the GDDR 

accurately. 

(a) Forward fault applied (b) Reverse fault applied 

Figure 3-6 Test results of fault direction 

3.3.3 Effects of fault location, fault type, SIR (System impedance ratio) and adaptive 

rela ying 

Fault pick up time, (Le. operating tirne of the relay) is a big concem for any relay 

system developed. In this work, typical fault types, fault locations as well as the SIR ratio 

are employed to simulate various power system conditions. Al1 of the voltage and current 

waveforms under these conditions were applied to the developed GDDR relay to study 

their effects on the operation time. Since the execution time of the relay algorithm with 

real-time display is approximately 4ms, for faults which occur at the sarne point of wave, 

there is a time differential (minhax operating rime) depending on the point within the 
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algorithm when the fault occurs. In addition. the efiect of adaptive relaying on the 

operation time was investigated- 

SIR=O.OI 

Figures 3.7, 3.8, 3.9 and 3-10 illustrate the reiationship between operation time 

and fault position (p.u. relay setting) a SIR (System impedance ratio) of 0.01. [n 

Figure 3.7 (a), it can be seen that minimum operating time becomes longer when the 

distance to the fault location increases and the adaptive function is not active; However, 

with the adaptive function enabled, the minimum operating time is less sensitive to the 

change of fault locations. Also, the operation time with the adaptive function enabled is 

less than that without the adaptive hnction and the time difference ranges fiom 4 to 8.75 

ms. Similar resuits are illustrated in figures 3.8 (a), 3.9(a), 3.10 (a) which represent the 

operating time for BCG, BC, ABCG faults respectively. 

(a) Minimum Operating time (b) tMavimurn Operating time 

Figure 3 -7 Operating time vs. Fault location of AG fault (SIR = 0.01) 
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Figures 3.7(b), 3.8(b), 3.9(b) and 3-10 (b) show the maximum operating times vs. 

fault location with adaptive function enabled or disabled under AG, BC, BCG and ABCG 

fault conditions. A slightly different result is illustnted in these results and the time 

difference with or without the adaptive function is less than that of the minimum 

operating time. However, the adaptive function still shows the effect of decreasing the 

operating time under most circumstances- 

(a) Minimum Operating time (b) :Maximum Operating time 

Figure 3.8 Operating t h e  vs. Fault location of BCG fault (SIR=O.O 1) 

(a) Minimum Operating time (b) tMavimum Operating time 

Figure 3.9 Operating time vs. Fault location of BC fault (SIR=O.O 1) 
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(a) Minimum ûperating time (b) Maximum Operating rime 

Figure 3.10 Operating time vs. Fault iocation of ABCG fault (SIR=O.O L) 

SIR=O.l 

The results for operating time versus fault location with a SIR of O. 1 are shown in 

figures 3.1 14-14. As before, the cuves representing the minimum operation àme shows 

that the adaptive function can reduce the operation tirne effectively, and the fault location 

has less effect on operation time with adaptive function active than that without it. 

According to the fault type, the curve tendency differs slightly fiom the others. The 

differences of  maximum operating time between adaptive and non adaptive h c t i o n  is 

smaller compared with that of the minimum operating time. 
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(a) Minimum Openting tirne (b) Maximum Operating urne 

Figure 3 - i 1 Operating time vs- Fault location of AG fault (S R=O- L ) 

(a) Minimum Operating time (b) Ma~irnum Operating urne 

Figure 3.12 Operating time vs. Fault Location of BCG fault (SIR=O, 1) 
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(a) Minimum Operating time (b) Maximum Operating time 

Figure 3 - 13 Operating time vs- Fault location of BC fault (S R = O .  1) 

(a) tMinirnum Operating time (b) Maximum Operating time 

Figure 3.11 Operating time vs. FauIt location of ABCG fault (SiR=O. 1) 

,(:% University of Manitoba 
EkctnCal& Compifw Engimring 



Chader 3 Testing of Grauhical DSP-based Distance Relav 

SIR=I 

(a) Minimum Operating time (b) Ma..imun Operating cime 

Fioure 3.15 O~erating: time vs- Fault location of AG fault (SIR= 11 

O m 100 O P JO al 80 JO 60 la, 20 

~a*-@crRCy- k*-(pil-- 

(a) Mnïrnum Operating time (b) Maximum Operating time 

Figure 3.16 Operating time vs. Fault location of BCG fault (SIR= I ) 
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(a) Minimum Operating tirne (b) Maximum Operating tirne 

Figure 3 - 1 7 Operating time vs. Fault location of BC fault (SIR=1) 

(a) Minimum Operathg time (b) Ma.imum Operating t h e  

Figure 3.18 Operating time vs. Fault location of ABCG fault (SIR= I ) 

Figures 3.15, 3.16, 3.17 and 3.18 display the results of the relationship between 

operating time and fault location with a SIR of 1. When adaphve function is enabled, 

both the minimum and maximum operating times increase with the fault location. If 

adaptive function is enabled, the operating time becarne less sensitive to the fault location 

and is much faster than that without using the adaptive function. Apparent gaps of 4 to 8 

ms were observed for both maximum and minimum operating thes .  
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(a)  minimum Operating time (b) Maximum ûperating time 

Figure 3.19 Operating t h e  vs. Fault location of AG fault (S iR= 1 O) 

(a)  minimum Operatùig tirne (b) ~Ma~irnum Operating Urne 

Figure 3.20 Operating tirne vs. Fault location of BCG fault (SIR=lO) 
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(a) Minimum Operating time (b) ~Umcimurn Operating time 

Figure 3.2 1 Operating time vs. Fault location of BC fauit (SR=lO) 

(a) Minimum Operating time (b) Macirnum Operating urne 

Figure 3.22 Operating time vs. Fault location of ABCG fault (SIR= 1 O) 

Results shown in figures 3.19, 3.20, 3.2 1, 3.22 represent the relationship for the 

operahng time versus fault location with a S R  of 10. For AG and BCG faults, similar 

results were found. The minimum operating time without the adaptive function is more 

sensitive to the fault location and longer than that with the adaptive function. The 

maximum operating time for both adaptive and non-adaptive functions is quite close even 

though the former is still shorter than the latter. For BC and ABCG faults, a different 

results are displayed. Both the minimum and maximum operating times without the 
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adaptive function became less sensitive to the fault location- However, the operating 

time is still longer than that with the adaptive fùnction- 

(a) ~Minirnum Operaung time (b) Maximum Operating time 

Figure 3.23 Operating time vs. Fault location of AG fault (SR= LOO) 

(a) Minimum Operathg tirne (b) Maximum Operating time 

Figure 3.24 Operating time vs. Fault location of BCG fault (SIR=l00) 
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(a) Minimum Operating tirne (b) Maximum Operatïng time 

Figure 3.26 Operating time vs. Fault location of ABCG fault (SIR4  00) 

(a) Minimum Operating time (b) Ma. .urn Operathg time 

Figure 3 -25 Operating time vs. Fault location of BC fault (SR= 100) 

With the SIR increased to 100, the adaptive function is no longer effective for AG 

and BCG fault as shown in figures 3 . î3  and 3.24. The two cuves are very close for both 

the minimum and maximum operating time. n e  adaptive function is, however, still valid 

for BC and ABCG faults as shown in figure 3.25 and 3.26. Further investigation is 

needed to explain the above results. 
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Effect of S IR 

The System Impedance Ratio (SIR), the ratio of source impedance behind the 

distance relay to the line impedance the relay is protecting, could be hi& resulting 60m a 

low line impedance (short lines), weak source behind the line, or a combination of both. 

A higher SIR results in lower voltages and currents during faults if the higher ratio was 

due to a higher source impedance rather than lower line impedance at the relay location. 

The effects of SiR are summarized in a set of curves shown in Figure 3.27. These curves 

describe the relationship between operating time and S R  with the fault location ranging 

From 10% to 90% of the relay setting.  minimum and maximum operating tirnes versus 

SIR for an AG fault are drawn in (a) and (b) separately. For the same fault location, it can 

be seen that the operating time increases with the increase of SIR under most 

circumstances when the adaptive function is not activated. ïhat  is, a higher S R  slows the 

operating speed of the relay. Slower response could make distance relay application 

unacceptable when a fast speed relay is required by a transmission systern, such as an 

EHV transmission systern. 
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Operation time vs SIR (AG Fault,Non-Adp) 
minimum opeming time 

0.01 0.1 1 
SIR 

(a) Minimum Operating tirne 

Operation tim vs SIR (AG Fault,Non-Adp) 
maximum operating time 

0.0 0.1 1 
SIR 

(b) Maximum Operating tirne 

Figure 3.27 Operating tirne vs. SIR (system impedance ratio) 
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3-4 Summary 

Based on the above results, a summation of the effect of fault location, SIR and 

adaptive relaying cm be outlined as followi-ng: 

1. If the adaptive function is not activated, the operating time for the GDDR relay to 

detect a fault increases with the distance to the fault location, whereas, with the 

adaptive function active, the operating rime becomes less affected by the fault 

location. 

2.  The Systern Impedance Ratio (SIR) affects the operating time of  the GDDR relay 

when the adaptive h c t i o n  is disabled. A higher S R  lezds to a slower response time. 

3. The adaptive relay has the advantage of shortening the operating time to locate the 

fault. It is able to adapt to fault direction, type and fault location- 
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Chapter 4 Conclusions 

In this thesis, the development of a Graphical DSP-based Distance Relay (GDDR) 

is presented- 

Chapter L bnefly introduces the concept of protective relaying, especidly the 

digital cornputer relays and adaptive relaying. In Chapter 2, the deveIoped gaphicai 

block Iibrary of basic functions for distance relaying is descnbed in detail. In addition, a 

Graphical DSP-based Distance Relay (GDDR) was implernented based on the developed 

block library. Laboratory tests were carried out to evaluate system performance, and find 

the effects of System Impedance Ratio (SIR), fault types, and fault location in Chapter 3. 

The impact of the adaptive tèatures on fault pick-up time is also discussed. 

The following is a summary of the conclusion: 

1. The developed low-level hardware window's driver for TMS320C30 DSP board can 

effectively support the communication between a DSP and a host PC. 

2. A graphical block diagram Iibrary of the basic fùnctions for a distance relay was 

successfully developed using commercial software: Visual C*, TI compiler and 

Hypersignal RIDE. 

3. A Graphical DSP-based Distance Relay (GDDR) for transmission Iine protection was 

implernented based on the developed block diagram Iibrary. 

4. The lab tests using PSCADiEMTDC and the RTP verify that the developed GDDR 

relay can perform promptly under fautt conditions. 
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5. The effects of fa& location, fault type and the System Impedance Ratio (SIR) on the 

tripping time using the developed GDDR relay were investigated. 

6. The developed GDDR relay with adaptive relaying features can effective1 y reduce the 

operation time in many fault conditions, 

7. The relay engineers c m  configure a generic DSP-based relay hardware as a distance 

relay with the developed library and GUI- 

Future work 

Some work is still required to extend the development of Graphical User interface in 

future. Additional blocks representing other relay features such as differential blocks, 

harmonic restraint, fault location calculation etc. could be added to the developed library. 

An interface for alternative DSP's could also be developed. 
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Appendix A: Tools used in this thesis 

For the development of theGDDR relay, difterent commercial software and 

hardware have to be employed together. In this work Visuai C H ,  Hypersignal 

RIDE, DSP and its code compiler are extensively used. The features of some took are 

introduced in the foIlowing. 

Eiypersignrl RIDE software package 

Hypersignal RIDE is a complete visual design environment for real-time systems 

development [l4-15]. This tool c m  be  used for a vanety of excihng applications 

which range from low-level DSP systems design & implementatioo to application 

specific projects such as real-time insrnimentahon, data acquisition, control systems, 

and more. Hypersignal RIDE has the foIlowing features: 

It is a superset of the Hypersignal Block Diagram visual environment which adds 

support for the design, implementation and analysis of real-time DSP algorithms and 

systems. Figure L shows a typical interface for Hypersignal RIDE. 

Both real-time and simulation functions are available for graphically designing 

custorn DSP applications, and the custom blocks c m  be built, prograrnmed and added 

to the block library- 

The user interface is same for both simualted and real-time DSP block functions. 

Both reaI-time (work done by DSP board) and simulated (work done by PC) 

executables fiinction within the same design, which allows for convenient conversion 

between the PC simulations and real-time irnplementations. 
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1 

Figure 1 Typical Block Interface of RIDE 

It supports a wide range of industry standard DSP/acquisition boards directly. 

A digital filter can be designed with the support of Hypersignal Filter Design tools. 

The execution mode adapted by RIDE is data flow control. 

Hardware Driver Wizard 

A window's driver prograrn is needed to handle the communication between 

target DSP board and host PC. Hypersignal EUDE not only directly provides driven for 

some DSP boards, but also supports the development of a custom DSP driver with its 

suppiementary Driver Wizard, which facilitates many of the tasks associated with 

creating a hardware dnver. In this work, a custom DSP dnver was built using the 

Hypersignal Driver Wizard. This driver links DSP COFF object files, downloads code, 
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data and parameters to the DSP memory, controis the execution of the DSP, and moniton 

activity on the DSP, and upIoads data to host PC- 

TMS32OC30 DSP board 

The TMS320C30 is a 32-bit floating-point processor which is a mernber of the 

TMS320C3x pnerahon of DSPs from Texas Instruments [L6-171. The TMS320C30 

optimizes speed by implernenting signal processing hnctions in hardware, which 

provides performance previously unavailable on a single chip: Typically, the 

TMS320C30 cm perform parallel multiply and ALU operations on integer or floating- 

point data in a single cycle. A wide varïety of system functions fi-om host processor to 

dedicated coprocessor are supported by the TMS320C30 due to its large address space, 

multiprocessor interface, internally and extemally generated wait States, two external 

interface ports. two timers, serial ports, and multiple intempt structure. 
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Appendix B: Driver code for TMS320C30 

FILE: DSPb1EM.C 

P W O S E :  Provides routines that access the DSP board's memory. 
These routines provide single-address memory read/wrïte. 
block memory readlwrite. memory fill, and memory search. 

This fIIe provides routines for the HypersignaI for Windows 
DS P board driver- 

GLOBAL ROUTRiESr 

Funcuon : DSP WrïteS hart() 
Purpose : This function m-tes an shon vahe CO DSP memory 

Function : DSP WrlteLongO 
Purpose : This function w-rites a long value to DSP memory 

Function : DSP WrZteFloat() 
Purpose : This fùnction writes a float value to DSP memory 

Function : DSPWritelnst() // same as long 
Purpose : This fiinction writes an instruction value to DSP mernory 

Func tion : DSPReadS hon() 
Purpose : This fùnction reads an short value from DSP rnemory 
-A--- 

Function r DSPReadLongO 
Purpose : Tlus function reads a long value Eom DSP rnemory 
--- 
Function : DSPReadFioatQ 
Purpose : This fbnction reads a float value f?om DSP memory 
--- 
Functio n : DSPReadIns t() 
Purpose : This fiinction reads an instruction value fiom DSP memory 
--- 
Func t io n : DS PReadFlas h() 
Purpose : This hnction reads a single FLASH memory address.. 
----- 
Function : DSP WriteShortBuf() 
Purpose : This tùnction wrïtes a buffer of short vdues to DSP rnemory 
-- 
Function : DSPWriteLongBufo 
Purpose : This function writes a buffer of long values to DSP memory 
----- 
Function : DSP WnteFloatBufO 
Purpose : This fùnction writes a buffer of float values to DSP memory 
--- A- 

Function : DSPWnteInstBuf() 
Purpose : This bnction writes a buffer of instruction values to DSP memory 
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Function r DSPWrîteDataBufo 
Purpose : This fûnction wn-tes a buffer of data values to DSP memory 

Function : DSPReadShortBufo 
Purpose : This fiinction reads a buffer of short values from DSP memory 

Function : DSPReadLongBufO 
Purpose : This hnction reads a buffer of long values fiom DSP rnernory 
- 
Function : DSPReadnoatBufo 
Purpose : This function reads a buffer of float vaiues kom DSP memory 

Function : DSPReadIns tBuf() 
Purpose : This function reads a buffer of instruction values fiom DSP memory 
- 
Function : TestMernO 
Purpose : Perfonns a test of DSP memory 

Copyright (C) 1994.1998 Kyperception, AI1 nghts reserved 

// Inchde Files 
ginclude <windows.h> 
8 include cmemory. h> 
gindude <conio.h> 
#inchde "driver32-h" 
#inchde "bddrvdsp.h" 
#indude " bddrv-h" 
#inchde "boardh" 
ginc lude "enny. h" 
#include "dsp-h" 
Sinclude "resourceh" 
Sinclude "drvutî1.h" 
#inchde "pcmem.fi" 
#inchde " address-h" 

// Extemai Data 
extem BOOL bAbortMemTest; // set m e  when user aborts memory test 

// Mernory Test Defmitions 
#define TOTAL-DATA-PAITERNS 3 
#define DATA-UNIQUE O 
#define DATA-CKECKERBOhRD 1 
#de fine D ATA-ZERO 2 

// Define sorne constants used by Iib fùnctions // 
#de fine ALL 1 

static LPSTR DataPatternStr[TOT.4L-DATAAPA~RNS] = ( 
"unique memory patterns...", 
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"checkerboard memory patterns,..", 
"zero memory patterns,,," 

1 -  
1 .  

// Static Function Prototypes 
static void NEAR PASCAL TestMemWrïte(DSP-PARAM far *IpDSP, DWORD Far YpBuffer, 

DWORD dwlen, DWORD dwAddr, int MemType, 
int Datapattern); 

static BOOL N E M  PASCAL TestMemRead(HANDLE hDIg D S P - P M  far *IpDSP, DWORD far 
*IpBuffer, 

DWORD dwlen. DWORD dwAddr, int MernType, 
int Datapattern); 

// 
i/ Function : DSPWnteShon() 
!/ Purpose r This fùnction writes a short value to DSP mernory 
// Parameters : IpDSP -Pointer to mal-time block's specific DSP 
;/ dwAddr - destination DSP memory address 
// S hortVal - short to write 
!/ Meminfo - mernory type 
// Returns r Nothing- 

int FAR PASCAL DSPWriteShort(DSP-PARAiM far +IpDSP, DWORD dwAddr, shon ShortVal, 
k t  MernInfo) 

f 
!/ TODO: add code to download shon value 

Seti\ddr(IpDSP,dwAddr)Y/puts an address into the interface area address ports 

CounterDis(1pDSP); //Disable interface port address counter. 

outpw(1pDSP->wDataRegAddr,(ShortVal));//put the low L6bit of  shortval in data register 

// 
ll Function : DSP WriteLongO 
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// Purpose : This fiinction wrïtes a long value to DSP memory 
// Parameters : IpDSP - Pointer to real-time blockk specific DSP 
/! dwAddr - destination DSP memory address 
// LongVaI - long to wrïte 
// Meminfo - memory type 
!/ R e t u m  r Nothing, 
// 
int FAR PASCAL DSPWriteLong(DSP-PARAM far *IpDSP, DWORD dwAddr. Iong LongVaL 

int MemInfo) 
; 
// TODO: add code to download Iong vaIue 

if(( Memin fo=PROG-MEM) If(bCeminf~=W~MEM)) { 

SetAddr(IpDSP,dwAddr);//puts an address into the interface area address ports 

CounterDis(1pDSP); //Disable interface port address counter. 

// 
!I' Function : DSPWrïteFloat() 
// Purpose : This hnction wrïtes a fïoat value to DSP memory 
// Parameters : IpDSP - Pointer to real-tirne blockk specific DSP 
!/ dwAddr - destination DSP memory address 
// FloatVal- float to m-te 
// ~ V e d n f o  - memory qpe 
!/ Renrrns : Nothing. 
// 
int FAR PASCAL DSPWriteFloat(DSP-PARAM far *IpDSP, DWORD dwAddr, 

fi oat FloatVal, kt ~MemInfo) 
{ 

long DSPValue; 

// convert IEEE float to DSP float 
DSPVaiue = IEEEtoDSP(FloatVa1); 

// TODO: add code to download float value 
if((b~eminfo=~~~~-~~~)~~(MemInfo=~-MEbI)) { 
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SetAddr(lpDSP,dwAddr)y/puts an address into the interface area address ports 

CounterDis(1pDSP): //Disable interface port address counter- 

- 

il Function : DSP Writelnst() 
!/ Purpose : This hnction wrîtes an instruction value to DSP rnemory 
// Parameters : lpDSP - Pointer to reai-time blockS specific DSP 
// dwAddr - destination DSP memory address 
// LongVal - long to wrïte 
i /  MemInfo - memory type 
// R e w  : Nothing 
// 

void F a  P ASCiU DSP Wnteinst(DSP-PARAM far *IpDSP, D WORD dwAddr. DWORD dwMSW, 
DWORD dwLSW, int MemInfo) 

i 
// TODO: add code to download instruction 

SetAddr(1pDSP.dwAddr)Y~put.s an address into the interface area address ports 
CounterEnb(1p DSP); //EnabIe interface port address couuter. 
Autolnc(1pDSP); 

outp w(1pDSP->wDataRegAddr,(dwMS W&Oxffff)); - 
outpw(1pDSP->wHiDataRegAddr,((dwMS W&Ox~000)» 16)); - 

// 
// Function : DSPReadS hart() 
// Purpose : This hnction reads a short value from DSP memory 
// Parameters : 1pDSP - Pointer io real-tirne block's specific DSP 
// dwAddr - source DSP memory address 
// Mednfo  - memory type 
// Remms : Retums short value 
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// 
short FAR PASCAL DSPReadShort(DSP-PARAM fx *IpDSP, DWORD dwAddr, int MernInfo) 
I 
// TODO: add code to upload short value 

short S hortVal; 

ShortVal = 0; // uploaded value 

if(1pDS P-->bDSPRunS tatus != DSPSTAT-HOLD) 
return(DRV_FUNC-FNL); 

l 
I 

else 

SetAddr(IpDSP,dwAddr)Y/puts an address into the interface area address ports 

CounterDis(1pDSP); //Disable interface port address counter- 

// Function r DSPReadLongO 
// Purpose : This fiinction reads a Iong value tiom DSP memory 
// Parameters : lpDSP - Pointer to real-time block's çpecific DSP 
// dwAd& - source DS P memory address 
// Pr1 emInfo - memory type 
// Retums : R e m s  iong vaiue 
. , - - - - - -- - 

long FAR PASCAL DSPReadLong(DSP-PAR;tM far *lpDSP, DWORD dwAddr. ïnt blemlnfo) 
{ 

f! TODO: add code to upload long value 

long LongVal,c30exp; 

LongVal = O; // uploaded vaiue 

if(lpDSP->bDSPRunStatus != DSPSTAT-HOLD) 
return(DRV.FUNC-FAIL); 

l I 

eise 

SetAddr(lpDSP.dwAddr)://puts an address into the interface area address ports 
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CounterDis(1pDSP); //DisabIe interface port address counter. 

return(0 L): 

/i 
// Function : DSPReadFIoat() 
!/ Purpose : This hnction reads a float value £Yom DSP memory 
// Parameters : IpDSP - Pointer to real-tirne bIock8s specific DSP 
// dwAddr - source DSP memory address 
!/ Meminfo - memory type 
// Returns : Returns fl oat value 

- 

FIoat F M  PASCAL DSPReadFtoat(DSPPIUL4PvI far *IpDSP, D WORD dwAddr. int MemInfo) 
I 
I 

fl oat FloatVai: 
Iong LongVak3Oexp; 

/! f 000: add code to upload float value 
LongVal = 0; // upIoaded value 

SetAddr(IpDSP,dwAddr);//puts an address k t o  the interface area address ports 

CounterDis(1pDSP); //Disable interface port address counter. 

// convert to IEEE float 
FloatVal = (float)DSPtoiEEE(LongVal); 

!/ Func tion : DS PReadIns t() 
// Purpose : This hnction reads a instruction value fiorn DSP memory 
// Parameters : LpDSP - Pointer to real-time block's specific DSP 
// dwAddr - source DSP memory address 
// Meminfo - memory type 
// Retums : Returns long value 
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DWORD FAR PASCAL DSPReadlnst(DSP-PARAM far *IpDSP, DWORD dwAddr, 
DWORD far *dwMSW, int Memlnfo) 

I 
// clear MS W 

long Low; 

SetAddr(lpDSP.dwAddr);//'puts an address into the interface area address ports 

CounterDis(1pDSP); //Disable interface pon address counter. 

renirn(0 L); 
1 
1 

- - - 

!/ Func tion : DSP ReadFlas h() 
// Purpose : This tinction reads a single FLASH memory address. 
// Parameters : IpDSP - Pointer to rd-tirne block's specific DSP 
// dwAddr - source DSP memory address 
C Returns : Nothing. 
// 
D WORD FAR PASCAL DSPReadFlash (DSP-PARALM Far *IpDSP, D WORD dwAddr) 

11 TODO: add code to read flash mernory 
DWORD dwLowAddr, dwFlashblernAddr; 

SetAddr(lpDSP,dwAddr);//puts an address ïnto the interface area address ports 

CounterDis(1pDSP); //Disable interface port address counter. 
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// Function : DSPWriteShortBuf() 
// Purpose r This function writes a buffer ofshort values to DSP memory 
// Parameters : lpDSP - Pointer to real-time block's specific DSP 
// dwAddr - destination DSP memory address 
// dwLen - length of data buffer 
// IpShonBuf- pointer to short data buffer 
// Memlnfo - memory type 
// Remrns : Nothing. 
// 
int FAR PASCAL DSPWriteShortBuf"(DSP-PARAM far *IpDSP. DWORD dwAddr, 

DWORD dwlen, short huge *lpShonBuf, int Mednfo)  
f 

i! TODOr add code to download short buffer 
DWORD count=0; 

if(1pDSP->bDSPRunStanis != DSPSTAT-HOLD) 
retuni(D RV-FUNC-Fm): 

I 
I 

e Ise 

SetAddr(IpDSP,dwAddr)Y/puts an address into the interface area address ports 
CounterEnb(1pDSP); //Enable interface port address counter- 
Autoinc(lpDSP); 

// 
// Function : DSP WriteLongBufo 
// Purpose : This function writes a buffer of long values to DSP memory 
// Parameters : IpDSP - Pointer to real-time bIockS specific DSP 
// dwAddr - destination DSP memory address 
// dwLen - length of data buffer 
// IpLongBuf- pointer to long data buffer 
// Meminfo - memory type 
// Returns : Nothing. 
// 
int FAR PASCAL DSPWriteLongBuf(DSP-PW far *IpDSP, DWORD dwAddr, 

DWORD dwlen, long huge *IpLongBuf, 
int Mednfo) 

I 
// TODO: add code to download long buffer 

DWORD c o u n ~ 0 :  

if(1pDSP->bDSPRunStatus != DSPSTAT-HOLD) 
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SetAddr(lpDSP,dwAddr);//puts an address into the interface area address ports 
CounterEnb(1pDSP): //Enable interface port address counter- 
~utoInc(1pDSP); 

while(count~dwLen) ( 
outp w(lpDS P->wDacaRsgAddr,( *(lpLongBuf-count)&Oxfm)); - 
ourpw( IpDSP-~wHiDataReg-4ddr,((*(IpLongBuf-count)&Ox~OOO)~~ L6)); - 

count*; 
1 
b 

// 
// Function r DSPWriteFloatBuf() 
il Purpose : This f'unction writes a buffer of float values to DSP memory 
// Parameters : IpDSP - Pointer to reai-urne block3 specific DSP 
// dwAddr - destination DSP memory address 
// dwLen - length of data buffer 
// IpFloatSuf- pointer to fl oat data buffer 
// Meminfo - memory type 
// Returns : Nothing. 
// 
int FAR PASCAL DSPWriteFloatBuf(DSP-PM far *IpDSP, DWORD dwAddr. 

DWORD dwlen, float huge *IpFloatBuf, 
int ~Mednfo) 

{ 
i/ TODO: add code to downioad float buffer 

long YpDSPBuf; 
DWORD count=O; 

if(lpDSP->bDSPRunS tatus != DSPSTAT-HOLD) 
return(D RV,FUNC-FN L) ; 

SetAddr(lpDSP,dwAddr);//puts an address into the interface area address ports 
CounterEnb(1pDSP); //Enable interface port address counter- 
Autohc(1pDSP); 
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// 
// Function : DSP WrïtelnstBufo 
il Purpose : This knction writes a buffer of insuuction values to DSP memory 
// Parameters : lpDSP - Pointer to reai-time biock's specific DSP 
// dwAddr - destination DS P memory address 
// dwLen - Iength of data buffer 
// IpLongBuf- pointer to long data buffer 
!i Merninfo - memory type 
// Rerunis : Nothing. 
// 
void FAR PASCAL DSPWriteInstBuf(DSP-PWI far *IpDSP, DWORD dwAdcir, 

DWORD dwlen, void huge *IpLongBuF, 
int Meminfo) 

I 
1 

!/ TODO: add code to download insuuction buffer 
DWORD c o u n ~ 0 ;  

long *ipDspBuF 

SetAddr(IpDSP,dwAddr);//puts an address into the interface area address ports 
CounterEnb(1pDSP); //Enable interface port address counter. 
Autoinc(1pDSP); 

// 
// Function : DSPReadS hortBuf() 
// Purpose : This function reads a buffer of short values from DSP memory 
// Parameters : LpDSP - Pointer to real-time block's specific DSP 
N dwAddr - source DSP memory address 
I/ dwLen - length of data buffer 
// IpShortBuf- pointer to short data buffer 
// blcmlnfo - memory type 
i/ R e m s  : Nothing. 
11 
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int FAR PASCAL DSPReadShortBufiDSP-PARAM far *IpDSP, DWORD dwAddr. 
DWORD dwlen, short huge YpShortBuf, int Mernlnfo) 

! 
/f TODO: add code to upload short buffer 

DWORD coune0; 

SetAddr(IpDSP.dwAddr);//puts an address lnto the interface area address ports 

CounterEnb(ipDS P); //Enable interface port address counter- 
AutoInc(1pDSP); 

// Function : DSPReadLongBuf() 
il Purpose : This tinction reads a buffer oFlong values fiom DSP memory 
!/ Parameters : lpDSP - Pointer to real-time block's specific DSP 
// dwAddr - source DSP memory address 
// dwLen - length of data buffer 
il IpLongBuf- pointer to long data buffer 
// Memlnfo - mernory type 
// Reninis : Nothing. 
Il 
int FAR PASCAL DSPReadLongBuf(DSP-PM1 fa. *LpDSP, DWORD dwAddr, 

DWORD dwlen, long huge *IpLongBuf, int Meminfo) 
f 
/i TODO: add code to upioad long buffer 

DWORD count=O; 
long Iow=O, high=O; 
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SetAddr(1pDS P,dwAddr);//puts an address in to the interface area address ports 

CounterEnb(1pDSP); [Enable interface port address counter, 
AutoInc(1pDSP): 

/l Funcuon : DSPReadRoacBuf() 
// Purpose : This h c t i o n  reads a buffer of float values fiom DSP rnemory 
:'/ Parameters : LpDSP - Pointer to real-cime block's specific DSP 
// dwAddr - source DSP memory address 
// dwLen - iength of data bufier 
// ipFloatBuf- pointer to float data buffer 
!/ Mentinfo - memory type 
// Returns : Nothing, 
// 
int FAR PASCAL DSPReadFloatBuf(DSP-PARA.!? far *IpDSP. DWORD dwAddr. 

DWORD dwlen, float huge *IpFioatBuf, int Memido) 
! 
// TODO: add code to upload float buffer 

DWORD count-O; 
long Iow=O, high=O; 
long *IpLongBuE 

SetAddr(1p DSP,dwAddr);//puts an address into the intetface area address ports 
CounterEnb(1pDSP); //Enable interface port address counter. 
AutoInc(lpDSP); 
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1 1 

-- - 

// Function : DSPReadInstBufo 
// Purpose : This Ciinction r a i s  a buffer o f  long values fiom DSP rnemory 
// Parameters : lpDSP - Pointer to rd - t ime  block's specific DSP 
// dwAddr - source DSP mernory address 
// dwLen - Iength of data buffer 
// IpLongE3uf- pointer to long data buffer 
// Meminfo - rnemory type 
?'/ Returns : Nothing. 

-- - - -- 

void FAR PASCAL DSPReadinstBuf(DSP-PARXi f x  *lpDSP, DWORD dwAddr, 
DWORD dwlen, void huge *lpLongBuf, int ~Mednfo)  

6 
I 

// TODO: add code to upioad instruction buffer 
long *IpDspBuf; 
DWORD c o u n ~ 0 ;  
long low=O, high=O; 

SetAddr(lpDSP,dwAddr)j/puts an address into the interface area address ports 

CounterEnb(1pDSP); //Enable interface port address couriter- 
Autolnc(1pDSP); 

// Function : TesMemWrite() 
!/ Purpose : Writes test data pattern to target memoty 
// Parameters : IpDSP - pointer to DSP parmeter  swcture 
// lpBuffer - pointer to data buffer 
// dwLen - length of  buffer 
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// dwAddr - current target memory address 
// MemType - target memocy type 
// Datapattern - data pattern code 
// Returns : Nothing- 
// 
static void NEAR PASCAL TestMemWnte(DSP-PARAM far +fpDSP. DWORD far *IpBuffer, 

DWORO dwten, DWORD dwAddr. int MemType, 
int DataPattern) 

I 
D WORD dwlndex; 
D WO RD dwValue: 

// write data into buffer based on &ta pattern type 

switch (DataPattern) { 

case DATAAUNIQUE: 
!/ &te address value ïnto memory 
for (dwlndex=O; dwIndexcdwLen; dwhdex*) { 

lpBuffer[dwIndex] = dwAddr - dwindex; 
1 
I 

break; 

case DATA-CHECKERBOL-WD: 
// write chcckerboard value into memory 
for (dwIndex=O; dwïndex~dwLen: dwindex*) { 

dwValue = (DWORD)(OxSSSSSSSSUL ((dwAddr+dwhdex) & 1)); 
IpBuffer[dwInde?c] = dwVaiue; 

1 l 

break 

case DATA-ZERO: 
// m-te  0's CO buffer 
for (dwIndex=O ; dwIndex~dwLen; dwindex*) : 

IpBuffer[dwIndex] = O n :  
I 
1 

break 
1 

// write buffer to target rnernory 
lpDSP->TargetWriteLongBuf(l~DSP,dw~ddr.dwLe~lpBuffer~~emT~e); 

11 Function : Tes tMemRead() 
// Purpose : Reads test data pattern ftom target memory 
// Parameters : hDlg - handle of test status modeless dialog box 
// IpDSP - pointer to DSP parameter structure 
I /  IpBuffer - pointer to data buffer 
// dwLen - length of buffer 
// dwAddr - current target memory address 
// MemType - target rnemocy type 
// Datapattern - data pattern code 
// Returns : Memory read result (PAS SEAIL) 
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static BOOL NEAR PASCAL TestMemRead(HANDLE ml?, DSP-PARAM Fiu *IpDSP. DWORD F i  
*lpBuffer, 

DWORD dwlen, DWORD dwAddr. int MernType, 
int Datapattern) 

D WORD dwtndex; 
D WORD dwValue; 

DWORD dwExpect; 
BOOL Tests tatus = TRUE: 
int MBResponse; 
char Er~Str[lZ8]; 

// read data fiom buffer 
lpDSP ->TàrgetReadLon@uf(~pDSP,dwAddr ,dwLsn , l e ) :  

/l scan through memory buffer validating data 
for (dwIndex=O; dwlndex<dwLen; dwlndex-) { 

// get expected data pattern based on data pattern type 
switch (Datapattern) { 

case DATA-WQUE: 
// expected value is memory address 
dwExpect = dwAddr + dwlndex; 
break; 

case D.4TA-CHECKERBOW: 
// expected value is checkerboard based on memory address 
dwExpect = (DWORD)(OxSS55SS5SUL ((dwAddr-rdwIndex) & 1)); 
break; 

case DATA-ERO: 
// expected value is O 
dwEApect = OUL; 
break 

.. 
1 
I 

II check if memory value is correct 
if ((dwvalue = lpBuffer[dwïndex]) != dwExpect) .I 

// set fail statu 
Tes tS tatus = FALSE; 

fl indicate failure to user 
wsprintf(ErrStr,"Memory read error at OXO/OIX- ï h e  value Ox%k which was read should be OX?~O~X-", 

(dwAddr+dwLndex),dwValue,dwExpect); 
MessageBox(hDlg,ErrS tr,"M emory Test Error" ,MB-OKfPviBiBICONEXCLAMAT1ON); 
MBResponse = MessageBox(hDlg,"Do you want to continue the memory test'?","Mernory Test", 

MB-ICONQESTION[MB-YESNO); 
if (MBResponse=LDNO) ( 

i/ set global abon flag 
b AbortkiemTest = TRUE; 
return(Tes tS tatus); 

I 
I 

1 
I 
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11 return test status 
return (Tests t a u ) ;  

// Function : TestMem() 
11 Purpose : Performs a test o f  the DSP memory 
// Parameters : hûlg - handle of configuration dialog box 
// hTestModeless - handIe of test s tatu modeless dialog box 
// IpDSP - pointer to DSP parameter structure 
// Returns : Nothing. 

-- 

BOOL FAR PASCAL TestMem(HANDLE hDlg, HANDLE hTestModeIess, DSP-PARAM far *IpDSP) 

BOOL bMemocyTest = R U E :  11 default to p a s ,  if error change to F U S E  /! rnemory 
s i x  in kWords 

BOOL bCurrMemTest; 
DWORD dwïo  talNum Wo rds ; 
DWORD dwNumWordsDone; 
DWORû dwSec tWords; 
D WORû dwSectWordsRemain; 
DWORD dwS tartAddr; 
DWORD dwC urrAddr, 
DWORD dwTo taiBufE ize; 
DWORD dwCurrBuffSize; 
HANDLE hE3uffer; 
DWORD f a  *ipBuffer; 
int Percent; 

int Datapattern: 
MSG mg;  
char S tanisStr[80]; 
WORD wSectNwn; // section number counter 
SECTION-PMM *IpDSPSections; // pointer to sections 
int MernT-pe; 

l/ get pointer to DSP sections 
if ((1pDSPSection.s = (SECTION-PARAM FAR *)GlobalLock(lpDSP->hDSPSections))=~L) 

remrn(FALSE); 

Il determine total nurnber of addresses to test 
dwTotalNurnWords = OUL; 
for (wSectNum=O; wSectNumcIpDSP->wNumSections; wSecNum++) { 

dtvTo talNum Words += IpDSPSections[wSectNuml .dwLength; 
I 
l 

// check if no memory 
if (dwTo talNum Words = 0) rem(bMemoryTes t); 

il allocate memory buffer 
// determine buffer size (5% or 2048; whichever is srnaller) 
if ((dwTotalBuftSize = (dwTotalNumWords / 20)) > 2048UL) dwTotalBuffSize = 2048UL; 
if (dwTotalBuffSize = O) dwTotalBuffSize = dwTotalNumWords; 
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if ((hBuffer = 
GIo baIAiIoc(Gh4EM-MOVEAB LEIGMEM-ZEROMIT,(D WORD)sizeoRDWORD)* dwTotalBuffSize)) - - NULL) .I 

MessageBox(hDlg,"Memory test buffer memory could not be alIocated.","Memory Test 
Error".MB-OKIMB-ICONEXCLAMAnON); 

rem(FALS El; 
1 
1 

if ((IpBuffer = (DWORD far *)GlobalLock(hBuffer)) = NULL) ! 
MessageBox(hDlg,"Mernory test buffer memory couId not be locked,","Memory Test 

Error" .bIB-OK/MB-ICONEXCL-IATION); 
return(FALS E); 

t 
1 

// Ioop through al1 test data patterns 
for ( DataPattern = O: DataPattern c TOTAL-D ATA-PATERISS; DataPattem-) { 

/! write data fiom memory 
wsprïntf(S tatusS u," Wrïting O/os1*~ataPattemSu~ataPatternl): 
SetD lgItemText(hTestModeiess.IDCCTESTSTAT-US,S tatusstr): 

// clear number of addresses done 
dwNumWordsDone = OUL: 

// write data to ai1 al1 sections 
for (wSectNum=O: wSectNum4pDSP->wNumSections: wSectNum-) { 

// get stan address and number of  words in section 
dwS tartAddr = lpDSPSections[wSec tNurn] .dwFirstAddr; 
dwSectWords = IpDSPSections[wSectN~rn~~dwLength; 

/; dont corrupt the monitor program which is Iocated at 0x000000 
if ((dwStartAddr >= 0x900000) && 

(dwSm4ddr <= 0x900040)) continue; 

// initialize current address 
dwCurrAddr = dwStanAddr. 

// înitialize section words remaining count 
dwSectWordsRemain = dwSectWords; 

// get memory type 
MemType = (int)lpDSPSections[wSectNum].bMemType; 

/! set test titie 
SetDlgltemText(hTestModeless,~CCMEMTYPEfIpDSPSe~ti~~[~Se~tNum]~SectN~e); 

// loop until al1 of section is tested 
while (dwSectWordsRemain) { 

// determine buffer size for next write (Iïmit to total bu€fer size) 
dwCurrBuff!S ize = dwSectWordsRemain; 
if (dwCurrBuffSize > dwTotalBuffSize) dwCurrBufBize = dwTotalBufES ize; 

// write memory 
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Tes tMem W~te(IpDSP.IpBuffer,dwCu~BuffSize.dwlurr~ddr.MemType.DataPattem); 

!/ update current address 
dw CurrAddr += dwCurrBuffS ize: 

1/ update nurnber of section words rernaining 
dwSectWordsRemain = dwCurrBuffSize; 

II update total nurnber of words done 
dwNumWordsDone += dwlurrBufSize; 

Il updatddisplay percent done 
Percent = (int)(((float)dwNumWordsDone 1 (float)dwTotaiNurnH 

Il check if user abon 
if (bAbortMemTest) return (b~MernoryTest): 

il allow ocher Windowb messages to be processed 
if (PeekMessage(&msg,NüLL,O,O,PMMREMOVE)) { 

Translate,Message(&msg); 
DispatchMessage(&msg) ; 

1 
1 

t 
I 

1 

SetDlgItednt(hTestModeless.iDC~TESTPERCENT, 1OO.FAL.S E): 

11 read data frorn memory 
wsprintf(StamS tr.lVReading O/osn,DataPanernStr[DataPattem]): 
SetDIgItemText(hTes tModeless,IDC-TESTSTATUS,StatusStr); 

// clear number ofaddresses done 
dwNumWordsDone = OLJL; 

// read data fÎom al1 sections 
for (wSectNum=O; wSectNum<ipDSP->wNumSections; wSectNum*) ( 

// get start address and number of words in section 
dwStartAddr = IpDSPSections[wSectNum].dwFi~~tAddr-, 
dwSectWords = lpDSPSection~[wSectNum]~dwLength; 

Il dont compt  the monitor program which is located at 0x000000 
if ((dwS tartAddr >= 0x900000) && 

(dwS tartAddr <= 0x900040)) continue; 

/ /  initialize current address 
dwCurrAddr = dwS tartAddr; 

// initialize section words rernaining count 
dwSectWordsRemain = dwSect Words; 

// get memory type 
MemType = (int)lpDSPSections[wSectNum~bMemType; 

11 set test title 
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// bop  until al1 of section is tested 
while (dwSecrWordsRemain) { 

// detenine buffer size for next wrîte (limit to total buffer size) 
dwCurrBuftSize = dwSectWordsRemain: 
if (dwCud3uftSize > dwTotalBuffSize) dwCurrBuffSize = dwTotaIBuffSize; 

// read rnemory 
bCurrMemTest = 

TestPYIemRead(hTestModeless,IpDSP.IpBuffer,dwCu~BuffSize,dwCurr~~ddr~emType~a~attem); 

// set memory test flag if it is bue (won't ailow F-ML co be 
// overwrïtten by a section memory test PASS) 
if (bMernoryTes t) b~MemoryTes t = bCurrMemTes t; 

// update current address 
dwCurrAddr -= dwCurrBuEfSize: 

// update number o f  section words remaining 
dwSectWordsRemain -= dwCurrBuf£S ize; 

l/ update total number of  words done 
dwNumWordsDone -= dwCurrBuffSize; 

il update/display percent done 
Percent = (int)(((float)dwNumWordsDone / (float)dwTotaiNumWords) 100.0f); 
SetDlgIte~nt(hTestModeless,lDC_TES~ERC~SercentF~SEj; 

// check if user abon 
if (b AbonMemTest) { 

// unloc k memory 
FreeGIo balMernory(hBuffer); 
GlobalUniock(lpDSP->hDSPSections); 

// r e m  memory test result 
return (bMemoryTes t); 

1 
I 

If alIow other Window's messages to be processed 
if (PeekMessage(&rnsg,NULL,O,O,PM~REMOVE)) { 

Tram lateMessage(&msg); 

// unlock memory 
FreeG lobalhIemory(hBuffer); 
GlobaIUnlock(1pDSP->hDSPSections); 

// renirn memory test result 
r e m  (bMernoryTest); 

I 
9 
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/* - 
* Function SerAddr() 
* 
* Purpose : puts an address into the interface area address ports. 
* Parameten : the 24 bit address, 
* Retums : none- 
* ! 
void FAR PASCAL SetAddrtDSP-PARAM Far *IpDSP.DWORD dwAddr) 
? 

/ * 
* Func tio n Co unteri3 is() 
4 

* Purpose : Disable interface pon address counter- 
* Parameters : none- 
* Remrns : Value O E CtrI Reg variab le for current board- 
*/ 
unsigned short FAR PASCAL CounterDis(DSP-PAR4iC,I far *lpDSP) 

i 
unsigned s hon ControlVal; 

ControlVai~=Ox0004: /* ensure bit 2 hi */ 
outpw(1pDSP->wControiRegAddr,ControLVal) /* put word out to UO port, */ - 

r e m  (ConuolVd); 

/* - - 
* Function CounterEnbO 
* 
* Purpose : Enable interface port address counter- 
* Parameters : none. 
* Retum : Value of Ctrl Reg variable for current board 
*/ 
unsigned shon FAR PASCAL CounterEnb(DSP-PARALM far *IpDSP) 

i 
unsigned shon ControlVal: 

ControlVal&=O.xFFFB; /* ensure bit 2 low */ 
-outpw(lpDSP->wConirolRegAddr.Contro1Val); /* put word out to I/O port, */ 
return (ControlVaI); 

I I 

- LOO- 
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/ * 
* Function Auto[nc() 
* 
* Purpose : Put interface port address counter to increment mode- 
* Parameters : none- 
* Returns : Value of Ctri Reg variable For current board, 
*/ 
unsigned short FAR PASCAL Autolnc(DSP-PAILMM far *lpDSP) 

unsigned short ControIVai: 

ControlVal=lpDSP->wControlReg; 
ConcrolVal&=OxFFF7; /* ensure bit 3 low */ 

outpw(1pDSP->wConuoiRegAddr.ControLVaI): /* put word out to VO port. *! - 
renirn (ControiVal); 

/+ - 
* Function AutoDecO 
* 
* Purpose : Put intefiace port address counter to decrement. 
* Parameters : none. 
* Returns : Value oFCtrl Reg variable for current board- 
*/ 
unsigned short FAR f ASCAL AutoDec(DSP-P14RA,M far *lpDSP) 

unsigned shon ControlVal; 

Contro LVd=lpDSP->wControIReg; 
ControIVal[=Ox0008; /* ensure bit 3 hi */ 

outpw(1pDSP->wControlRegAddr,ControlVal): /* put word out to VO pon- */ - 
return (ControlVal); 
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Appendix C :  Data acquisition code 

FILE NALME : -DAQU.c 

BLOCK NAME: Daqu 

GROUP NAME: &'il hnctions 

P W O S E  : Provides the reai-time btock's DSP C source code, 

Hypersignal Block Wizard Version 4.00- 14 Auto-Generated Btock 

Nurnber of Inputs r O 
Nurnber o f  Outputs: 6 

Creation Date: Wed - 14 Febniary 200 1 
Creation T h e :  O i :27 PM 

/*--- */ 

/ * Optionai reai-tirne block interrupt routine *! 

!* I f  this routine is activated, it will be called in response to a selected */ 
i* DSP intermpt, I f  this routine in not activated, the main block routine *f 
/* will be cailed in response to a seiected DSP intermpt- */ 
/*-- */ 
/* 
void DAQU-INï(PARAMS *pPtr) 
t 

I 
l 

*/ 
void cjnt0  [(PARAMS *pPtr) 

1 
unsigned int index; 
fioat t; 
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/ * */ 
I t Optional real-time block initialization routine */ 

/* */ 
/* If th is  routine is activateh it will be called one time before the main */ 
/* application begins. This al10 ws for any required so &are or hardware */ 
/* înitiaiization to be performed before the block executes. */ 
1 * */ 

void D A Q W _ I M T ( P U M S  *pPcr) 
I 
I 

Dis-Entemipts(); 

Set-Sample-Rate(pP tr->Set_Sample_Rateo;SampIing_Rate); 
SetFilter-Cutoff(1920); 

Clear_Buffer(pPtr->FramesizeOutO*6); 
C-Gain- P tr->-Gain-Current; 
V-Gain=pP tr->-Gain-Vo Itage; 

/*---- -*/ 
/ * Optional real-time block stop routine */ 
/*----- */ 

/* If this routine is activated, it will be called whenever the block diagram */ 
/* worksheet's execution is stopped- Blocks that deal with hardware may need */ 
/* this routine to stop the hardware's exetution. */ 

- */ 

void DAQU-STOP(PIQRAMS *pPtr) 

DisIntemip ts(); 
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/* */ 
/* Optionai real- tirne block restan routine */ 
/ * */ 
/* I f  this routine is activated, i t  will be called whenever a bIock diagram */ 
i* works heet is executed afier being stopped. B locks that deal with hardware */ 
/* may need this routine to restart the hardware's sxecution- */ 

vo id D AQ Cf-RESTAEtT(PARALMS *p Ptr) 
! 

En_lnterrupts(); 
I 
I 

/ * */ 
/* Real-time block routine */ 
/*- */ 

/* This is the main block routine, It is called during each loop of the main *I 
i* application. If an intempt is selected, and the intempt routine above */ 
/* is not activated, this routine will be cailed in response to the selected */ 
/* interrupt instead ofduring the main application loop. */ 
/*-- *! 
void DAQU(P-MS *pPtr) 
i 
unsigned int index; /* index for Erame processing loop */ 
unsiged int HjxStart; 
unsigned int HjxEnd; 
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float Set-Tirner(int n, aoat fieq, Iong mode) 
f 

long period: 
long *tirner = n ? Timerl : Timerû; 

if (mode & CLK-LWODE) 
freq 4 2: 

period = rimerBase-FreqiGeq-0.5; 

tirnerflimerPeriod] = period; 
timer~imerGIobalCtrl] = SRC-MT / mode RMC-IThLER j RST-START: 

/* Float Base-Frequency; */ 

void Set-Sample_Rate(float samp Ie-rate) 
{ 

float Sample-Rate; 

Sample-Rate = SetTimer( 1 .  sample-rate, PLS-MODE ( INV): 
Pusing timer 1 for ND conversion because Tirnedl doesnt 
work for PLS-MODE*/ 

void Set-Filter-Cuto ff( float fil ter-cutoff) 
{ 

float FiIter-Cutoff; 
float filter-fieq = 1 OO*fiIter-cutoff;- 
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Filter-Cuto ff = Set-Timer(0, fiIter_fieq, CLK-MODE); 
/*It was Timerû before*/ 

/* Read the converted data frorn the address of  ADC converter*/ 
long A2D(int i )  
; 

return ADC[i]>>20; 
I 
I 

!* Functions used to enable o r  disabie intempt */ 

void EnabI-Int L(void) 
t 

asrn(" OR3h.E'); 
I 
I 

vo id Disab le-Int l (vo id) 
I 
1 

am("  AND -31, E"); 
1 
I 

void En-Enterrupts(void) 
I 
I 

asm(" OR 2000h, ST"); 
1 
I 

void Dis-Intemipts(void) 
i 

am("  AND 4000h ,  ST"); 
1 
I 

vo id Clear_lntr_FIag(void) 
i 

asm(" AND -2h, IF"); 
I 

void Clear-Buffer(1ong buf-lm) 
i 

HjxHead = 0; 
HjxTail = buaen ;  
BufferFuIl=O; 
flag=O; 

1 
I 

void Buffer-Put(float z) 
I 
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HjxB uffer[HjxHead]~; 
H j,xHeadtt-, 

int 
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