General-Purpose Tone
Decoding and DTMF
Detection

APPLICATION REPORT: SPRA082

Craig Marven

Regional Technology Center
Bedford, England

Texas Instruments

Digital Signal Processing Solutions

%‘ TEXAS
INSTRUMENTS



IMPORTANT NOTICE

Texas Instruments (TI) reserves the right to make changes to its products or to discontinue any
semiconductor product or service without notice, and advises its customers to obtain the latest version of
relevant information to verify, before placing orders, that the information being relied on is current.

Tl warrants performance of its semiconductor products and related software to the specifications applicable
at the time of sale in accordance with TI's standard warranty. Testing and other quality control techniques
are utilized to the extent TI deems necessary to support this warranty. Specific testing of all parameters of
each device is not necessarily performed, except those mandated by government requirements.

Certain application using semiconductor products may involve potential risks of death, personal injury, or
severe property or environmental damage (“Critical Applications”).

TI SEMICONDUCTOR PRODUCTS ARE NOT DESIGNED, INTENDED, AUTHORIZED, OR WARRANTED
TO BE SUITABLE FOR USE IN LIFE-SUPPORT APPLICATIONS, DEVICES OR SYSTEMS OR OTHER
CRITICAL APPLICATIONS.

Inclusion of TI products in such applications is understood to be fully at the risk of the customer. Use of Tl
products in such applications requires the written approval of an appropriate Tl officer. Questions concerning
potential risk applications should be directed to Tl through a local SC sales office.

In order to minimize risks associated with the customer’s applications, adequate design and operating
safeguards should be provided by the customer to minimize inherent or procedural hazards.

Tl assumes no liability for applications assistance, customer product design, software performance, or
infringement of patents or services described herein. Nor does Tl warrant or represent that any license,
either express or implied, is granted under any patent right, copyright, mask work right, or other intellectual
property right of Tl covering or relating to any combination, machine, or process in which such
semiconductor products or services might be or are used.

Copyright © 1997, Texas Instruments Incorporated



TRADEMARKS

Tl is a trademark of Texas Instruments Incorporated.

Other brands and names are the property of their respective owners.



CONTACT INFORMATION

US TMS320 HOTLINE
US TMS320 FAX

US TMS320 BBS

US TMS320 emall

(281) 274-2320
(281) 274-2324
(281) 274-2323
dsph@ti.com



General-Purpose Tone Decoding and

Abstract

DTMF Detection

This report describes a single-chip solution for concurrent DTMF
and general-tone decoding or expanded, general-tone decoding
only. These facilities are provided on a special program on the
TMS320C17 or TMS320E17. The term TMS320C17 applies to
both throughout the report.

The report covers the following topics:

O Theory of Operation

Software

B TMS320C17 Features

Hardware

Q Implementation

B Software Implementation

Utilization of TMS320C17 Resources

Hardware Implementation

Q Host Interface

Host Write Cycle
Host Access Considerations
Host Interface Registers

Register Read Functions
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Q Applications and Customization

Secure Off-Site Control

Call Monitoring

DTMF Telephone Tester
Customization for User Applications
Flexibility through Programmability

Q Conclusions and References

The report also includes the following appendixes:

Q Appendix A Tone Detector Source Code

Q Appendix B PC Application Program

Q Appendix C Power Detector Operational Considerations

General-Purpose Tone Decoding and DTMF Detection
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Our World Wide Web site at www.ti.com contains the most up to
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must register with TI&ME before they can access the data sheet
archive. TI&ME allows users to build custom information pages
and receive new product updates automatically via email.

Email

For technical issues or clarification on switching products, please
send a detailed email to dsph@ti.com. Questions receive prompt
attention and are usually answered within one business day.
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Introduction

The use of the Dual-Tone Multi-Frequency (DTMF) signaling scheme within telecom-
munications systems has become widespread over the past few years. It is replacing the
older type of pulse oriented dialing methods in telephones worldwide, and also finds ap-
plication in a number of other equipment types, such as personal computer (PC) telephone
peripherals, remote signaling schemes etc.

In parallel with the universal DTMF standard, the various telecommunications com-
panies or public authorities (PTTs) around the world use a number of different tones to
signal call progress parameters. Examples include busy tones, number unobtainable, tim-
ing tones, etc. Although DTMF operates to an internationally recognized standard, these
additional tones do not. Therefore, there is often a need for a programmable tone detec-
tion capability operating concurrently with standard format DTMF decoding. Alternatively,
there are also many possible areas of application for an expanded programmable tone
decoding facility without DTMF capability.

This document describes a single-chip solution to fulfill the requirement for concur-
rent DTMF and general-tone decoding or expanded, general-tone decoding only. These
facilities are provided by a special program on the TMS320C17 or TMS320E17 first-
generation digital signal processor (DSP). The term TMS320C17 should be taken to app-
ly to both the TMS320C17 and TMS320E17 for the remainder of this report. See Reference
[6] for full information on these devices.

The TMS320C17 is particularly suited to tone detection as it possesses on-chip serial
ports, a hardware multiplier and a 200 nanosecond (ns) instruction cycle time. These last
two features allow high-speed calculation of the digital filter equations which implement
the core of the tone decoding function.

The main functions of the tone detector described in this report are as follows:
1. DTMEF tone decoding to international standards

Power measurement at six selectable frequencies in the band 300-3400 Hz

w

Power measurement at three selectable frequencies simultaneously With DTMF
tone decoding

Selectable bandwidth and resolution of freciuency selection
Timestamping of tone arrival and departure

Selectable thresholds to define tone arrival and departure
Interrupt generation on tone arrival, departure or change

Interrupt generation on unidentified tone

© o N g e

Interrupt generation on validation of DTMF digits



10.  Variable gain setting on input to receivers
11 Self test

In addition to a detailed description of the operation of the software within the
TMS320C17, a complete solution to a tone detection peripheral for an IBM XT or AT
compatible PC is presented. Remember that this is just one possible application for the
tone detection TMS320C17, it could equally be paired with any other host CPU.

This report is divided into seven sections and three appendices. A brief outline of
the contents of each section serves as a useful guide. Although some sections refer to general
principles of DTMF and tone decoding, keep in mind that the primary objective is to discuss
a particular implementation of a tone detector.

Theory of Operation

Describes the basic theory of operation of the tone detector, describing total system
scope and functionality, and giving a brief introductory description of each functional block.
For this purpose the tone detector is considered as a set of software functions with support-
ing hardware. The high suitability of the TMS320C17 DSP for tone detection is also
discussed.

Implementation

Deals in detail with the implementation of both the software within the TMS320C17,
and its supporting hardware. Each is split into its main functional blocks and then further
subdivided into individual tasks. The description of software implementation is accom-
panied by a series of flow charts, allowing the reader to follow the description from the
top functional level right down to the detail of individual tone detector features. This sec-
tion also covers in detail how the tone detector program controls, and benefits from, some
of the resources provided by the TMS320C17.

Host Interface

Describes the host interface of the tone detector. This has been designed for easy
connectability to a variety of host CPUs, and is essentially a single physical 8-bit read/write
register. The host interface software is implemented by an interrupt routine in the
TMS320C17, allowing host access at any time as required.

Applications and Customization

Briefly outlines some possible applications for the tone detector including traditional
telephony applications along with some innovative approaches. These include a method
for secure off-site remote control of equipment via telephone lines, a tester for telephone
equipment, etc. For many applications it may be necessary to customize the program to
some extent. A number of examples of this are discussed.



Conclusion

Within the appendices are a full listing of the source code for the tone detector in
COFF (common object file format) source format, and a demonstration program for IBM
or compatible PCs. This program is written in Turbo Pascal and is for use with the design
example included in this report.

History of DTMF

There are two standard dialing conventions used in telephone systems throughout
the world. The most common, and by far the oldest is known as pulse or loop-disconnect
dialing. DTMF is a relatively new all-electronic method which is rapidly replacing the
older electro-mechanical system. Figure 1 represents a highly simplified pulse dialing
telephone terminal. There are other circuits required to make a practical telephone, but
this diagram serves to illustrate several key points.

Telephone Terminal v
- Switch-Hook
e: Local Line
Earphone I
T~
Speech ’
Circuit
Dial
Microphone
Bell

Figure 1. Pulse Dialing Telephone

When the receiver of a pulse dialing telephone is lifted, the hook-switch closes and
a DC loop current of a few milliamperes flows from the central office or local exchange.
The dial is arranged so that the switch within it opens and closes as it returns to its rest
position. When the switch opens it causes the loop current to be interrupted, hence the
alternative name of loop-disconnect dialing. The dial is arranged so that one disconnect
period or pulse is created for the digit 1, two for the digit 2, up to ten pulses for the digit 0.

Dial pulses originally operated electromechanical switching systems, and still do
in many countries. These systems have an upper limit of about ten operations per second
and pulse dialing systems therefore produce pulses of a 100 millisecond (ms) duration.
Nominal operation in the U.S. gives a break period of 61 ms and a make period of 39
ms. This is different from other countries which use a 2:1 ratio (67 ms break, 33 ms make).
An inter-digit pause is indicated by an absence of pulses of nominally 700 ms for U.S.
systems, or as short as 200 ms in other countries.



The time required to send the dial pulses needed for one digit can be up to 1.7 seconds
(ten pulses for the digit 0 and a 700 ms inter-digit pause) which can make the dialing of
a long international number very time consuming. For example, the international number
(from the U.S.) for Texas Instruments in Bedford, England is:

011 44 234 270111

This would take 15.1 seconds to dial with a U.S. pulse dialing system. It is not dif-
ficult to see why the method is now regarded as out-dated.

In order to reduce costs, increase reliability, and improve service, the elec-
tromechanical switching systems used at central offices or local exchanges are being re-
placed with fully electronic systems. In most advanced countries this upgrading process
is virtually complete. With the new equipment it is no longer necessary to have a slow
dialing mechanism to accommodate the response time of the old switching mechanisms.
A new dialing scheme thus becomes possible using purely electronic means. The DTMF
system has been adopted as the universal standard through the CCITT (Comite Consultatif
International de Telephonie et de Telegraphie) which is a committee of the International
Telecommunication Union (ITU), now part of the United Nations.

The Use and Characteristics of DTMF

The full name for DTMF is Dual-Tone Multi-F requency which describes its operating
characteristics very well. Consider that a telephone is equipped with a keypad as shown
in Figure 2, .instead of a dial. The A,B,C and D keys are usually not present, but are
part of the full CCITT specification and can be decoded by the programmed TMS320C17
used here.
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Figure 2. DTMF Keypad

Pressing any key causes an electronic circuit to generate a tone which is a summa-
tion of the two individual frequencies related to the row and column of that key.

The frequencies used in DTMF dialing have been carefully selected so that any DTMF
decoding circuit will not confuse them with other tones that may occur on the line. As
the tone generation does not involve a disconnect of the telephone circuit, DTMF tones
may be sent down the line during a call just by pressing any key on the keypad. When
this method is used as a form of low speed data transmission, it is important that speech
is not accidentally interpreted as a DTMF tone. In order to reduce the risk of this happen-
ing, tones must be present continuously for a minimum period of about 50 ms, with an
interdigit pause of similar length.

With a minimum dialing time of 100 ms per digit, irrespective of its value, our
previous example number would take 1.4 seconds to dial. This represents a saving of 13.7
seconds or 91% of the time taken by a pulse dialer. Additional advantages of DTMF dial-
ing include the use of solid-state electronic circuits and compatibility with electronically
controlled exchanges.



Theory of Operation

This section briefly describes the operation of the tone detection system presented
in this report. A functional block diagram for the complete system is shown in Figure 3.
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Figure 3. Tone Detector Functional Block Diagram

As is clear from examination of Figure 3, the tone detector may be viewed as com-
prising a set of software routines within the TMS320C17, plus associated external hard-
ware to provide interfaces between the TMS320C17 and both the incoming analog signal
and a host CPU.

The following paragraphs briefly describe the major software and hardware features
of the tone detection system, and some of the features of the TMS320C17 which are of
special benefit to this application.

Software

The tone detection system described in this report comprises six groups of functions
within the TMS320C17. These provide a powerful tone detection capability for either
DTMF decoding, general tone identification or a combination of both. These six func-
tional groups are as follows:

Input signal processing

DTMF receiver

Power (envelope) detector

Tone receiver - comprising five sub-sections
VO routines (Interrupt Handler)

Self test .

AR S ol

Figure 4 shows how the first four of these functions interrelate during normal opera-
tion of the the tone detector. Each block within Figure 4 is explained in detail in the Im-
plementation section and each also has a detailed flowchart associated with it. The number
of the figure for the associated detailed flow chart is shown inside each block in Figure 4.
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Figure 4. Tone Detector Flow Chart - Top Level

Program execution remains within the flow shown in Figure 4 unless interrupted
by either an I/O request or a self-test command, which are independent functions. Self-
test is merely a special case of a host CPU I/O request. Both serial /O and host CPU
1/O cause an interrupt to the TMS320C17 and therefore function outside the normal pro-
gram flow. Self-test additionally destroys all temporary data storage, leaving the tone detec-
tor in the same state as after a hardware reset (see the Register Read Functions section).
The following sections briefly describe the relationship betwen the above six functional
groups. A more detailed description of the operation of each is contained in the Implemen-
tation section.

Input Signal Processing

This ensures that the incoming data samples are within the optimum working range
of the tone detector. Software limiting of the incoming signal is applied if it exceeds the
maximum signal input level (see the Signal Input Processing section). Program control
passes to the DTMF receiver if it is enabled, otherwise control passes to the power detector.



DTMF Receiver

Using the signaling plan outlined in CEPT (Conference Europeenne des Administra-
tions des Postes et des Telecommunications) recommendations T/CS 46-02, the DTMF
receiver validates and decodes DTMF tone pairs against a template of acceptable frequen-
cy deviation. The DTMF receiver may be enabled or disabled under software control by
the host CPU. Once the operation of the DTMF receiver is complete, program flow passes
to the power detector.

Power (Envelope) Detector

The power detector performs a simple smoothing operation on the incoming signal
and, using thresholds programmed by the user, directs program flow among one of the four
possible tone receiver flow paths shown in Figure 4:

Tone onset
Tone depart
Steady no tone
4. Steady tone

W N -

Separate threshold levels may be programmed for detection of the onset and depar-
ture of the input signal.

Tone Receiver Power Level Determination

The tone receiver determines the overall power level of the incoming signal and
the individual power level at up to six selectable frequencies. In addition, it validates the
signal onset or signal departure indication from the envelope detector to change the tone
arrival or tone departure status bits (see Status section). The tone receiver operates in-
dependently of the DTMF receiver and provides programmable center frequency, band-
width, resolution and thresholds for the recognition of general tones in the band 300 Hz
to 3400 Hz (e.g., call progress tones).

When the DTMF receiver is disabled the tone receiver monitors six programmable
frequencies in the range 300-3400 Hz and reports the power levels received at each of
those frequencies. When the DTMF receiver is enabled the tone receiver monitors only
three frequencies. The power level of the three unused frequencies is registered as zero.
The tone receiver also has an additional power measurement which reports the received
power across the telephony band of 300-3400 Hz allowing the system to detect the presence
of frequencies outside those programmed individually.



When the tone receiver is enabled, filtering begins upon the recognition of a tone
by the envelope detector. The host may be interrupted at the end of the first block of filtering
as a result of the tone arrival bit in the status register being set. At this time level informa-
tion for the new tone is available at each of the search frequencies. The host may also
be interrupted by tone departure. The tone receiver is also able to detect any change in
signal content and may optionally generate an interrupt as a result. Host interrupt is describ-
ed in detail in Host Interrupt section.

The flow of program execution around the tone receiver is dependent upon the results
of tests at a number of points. The most important of these is at the output of the power
detector. As mentioned above there are four possible conditions the power detector can
indicate:

Tone onset
Tone depart
Steady no tone
Steady tone

bl .

The operations performed within these blocks are described in detail in Software
Implementation section.

The second most important decision point in the tone receiver program flow is
represented by the end of filter block test. When the tone receiver is enabled, incoming
samples are filtered in blocks. The block size is dependent upon the value written to the
filter length register (see Filter Length section). If a filtering block has been completed,
housekeeping functions must be performed.

1/0 Handler (Serial and Parallel)

Any external I/O access will cause an interrupt to the TMS320C17. External I/O
can come from one of three possible sources:

¢ A new data sample being input from the serial port
¢ A host CPU write access
® A host CPU read access

The source of the interrupt is checked by the program and control passed to the
appropriate portion of the interrupt handler code. A comprehensive discussion on the use
of interrupts within the tone detector is given in Hardware Implementation section, in-
cluding a detailed examination of some parts of the interrupt handler code.



Self-Test

One special case of a host CPU write access is a self-test request. The TMS320C17
responds to this by immediately performing a ROM checksum test, a RAM data test and
a codec interrupt check. After these have been performed the host CPU may release the
TMS320C17 from self-test mode. The TMS320C17 is then left in a state similar to that
after a hardware reset (see Register Read Functions section).

TMS320C17 Features

The TMS320 family utilizes a modified Harvard architecture for speed and flex-
ibility. In a strict Harvard architecture, program and data memory lie in two separate spaces,
permitting a full overlap of instruction fetch and execution. The TMS320 family’s modifica-
tion allows transfers between program and data spaces. This permits coefficients stored
in program ROM to be read into RAM, eliminating the need for a separate coefficient
ROM. It also makes available immediate operand instructions and subroutine calls to com-
puted addresses.

The TMS320C17 provides all the basic features of the industry-standard TMS320C10.
Two serial ports, expanded data memory to 256 words, expanded program memory to
4K words on-chip, and a coprocessor mode are added to provide a powerful processor
for a variety of communications-oriented applications. The TMS320C17 is a microcom-
puter device only, with no external program memory facility. The TMS320E17, a 4K-
word EPROM version of the TMS320C17 is available for prototyping or low volume pro-
duction.

The Tone Detection application takes advantage of the full set of processor resources
shown in Figure 5. A few examples from the code, and a description of each, are given
in Utilization of TMS320C17 Resources section to illustrate this.
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The Tone Detector program uses less than 50% of the available 4K-words of pro-
gram memory and less than 70% of the available 256 words of data memory within the
TMS320C17. Of the 174 words of data memory used, 75 are in page 0, and 99 in page
1. A detailed list of program and data memory utilization is shown in Table 1.

Table 1. Program and Data Memory Utilization

Code Program Data
Routine Listing Description Memory Memory
Page Locations | Locations
489 Reset and interrupt vectors 4
490 DTMF Constants and filter coefficients 28
490 Tone detector constants “ 62
491 Tone detector filter coefficients 129
MAIN 492 Read sample from input queue and up- 55 14

date current time, scale the input sample
and call DTMF if it is switghed on.

ENVDET 494 Detect changes in signal envelope 41 4
relative to user-programmed upper and
lower thresholds

TONSET 495 Handle occurrence of tone onset 11 2
TDEPT 495 Handle tone departure 41 1
FILTER, 496 Routine for filtering and accumulating the 172 52

input samples

LEVCAL 499 Calculates the levels at the end of each 109 1
block of filtering

CHNGS 501 Check for level changes during a 31 (o]
toneburst

LVLS 501 Write levels into registers 13 3

COMPLT 502 Complete operations ready for next filter- 39 1
ing operation

RSTFIL 502 Clear down filter accumulators and reset 61

pointers ready for another filter operation

SQRT 504 Generates the square root of an integer 32
DTMF 504 Detect DTMF digits 508 83
INTHDL 510 interrupt handler 194 8
CRESET 514 Cold reset handler 14 1
WRESET 514 Warm reset handler 33 3
ATTEN 516 Write out status to draw attention to 4

change in one or more of the status bits
XFUPD 515 Update the XF flag 17

SLFTST 516 Self test of processor 111 4

Total 1709 177




Hardware

In order for the TMS320C17 to receive its input signal and communicate with a
host CPU it requires a small amount of support circuitry. This comprises just three devices,
as shown in Figure 6. This example is specifically for interfacing the tone detection system
to an IBM XT or AT compatible PC bus. A detailed description of this circuit is given
in Hardware Implementation section.

Analog
74ALS652 TCM2917 Input
IBM
PC TMS320C17
Bus

TIBPAL2OLS | 4—p—

Figure 6. PC Tone Detector Circuit Diagram—Block Level
Analog to Digital Conversion

The analog signal is converted to a serial pulse code modulated (PCM) serial data
stream by an industry standard combined codec and line filter (COMBO), the TCM2917.
This interfaces directly to the TMS320C17 with no support circuitry.

Host Interface

A programmable logic array (PAL) provides read and write decoding for both the
host CPU and the TMS320C17, including full address decoding of the host CPU bus.
A T4ALS652 provides a two way latched data buffer between the host CPU and the
TMS320C17. The TMS320C17 has a special coprocessor mode which can also perform
the latched data buffer function in a wide variety of applications. The coprocessor mode
is described in greater detail in Use of Coprocessor Port for Parallel I/O section.

Implementation

This section describes in greater detail how the tone detector functions described
in the Theory of Operation section are implemented. It is intended for non-mathematical
readers, and equations have only been included where they can aid understanding for readers
familiar with general DSP techniques. It is not necessary to understand the derivation or
purpose of these equations in order to gain a basic understanding of system operation.



Software Implementation

As described in Software section the software within the tone detector may be con-
veniently split into the following six groups:

A e e

Signal input processing

DTMF receiver

Power detector

Tone receiver comprising five sub-sections
I/O routines (Interrupt Handler)

Self test

A detailed description of the performance and implementation of these functions

follows.

In all of the detailed explanations in this section of the report, references are provid-
ed to a page of the program listing included as Appendix A.

Signal Input Processing

This block contains only two straightforward tasks:

1.

Read queue, increment time (program listing page 492)—Codec samples sent

to the TMS320C17 are received via its serial port and then queued. The max-
imum queue length is eight samples. Under normal circumstances the queue
will not contain more than one sample. However, at the end of each block of
filtering or DTMF detection, there is a series of computations which must be
completed before the handling of the next codec sample. Operation of both the
DTMF code and the tone filtering code are suspended during this period and
new codec samples accumulate on the queue. At all times, information arriv-
ing at the TMS320C17 via its serial port is handled with first priority, so that
no samples or requests are missed.

Scale and limit (program listing page 492)—In this report the TMS320C17 is
programmed to accept A-law input samples. The TMS320C17 can also be pro-
grammed to accept the u-law samples in North American applications. The out-
put from the on-board compander is scaled to a number range which affords
the maximum precision for the range of signal magnitudes allowed. The tone
receiver is specified to providelinear detection of tones in three ranges. The
dynamic range of the tone receiver is between 35 and 40 decibels (dB). Provi-
sion of three software selectable scale factors allows this dynamic range to be
shifted so that the top of the range is at either +2, —10 or —22 dBmO. Where
dBmO is defined as the zero reference point of the channel. The overall detec-
tion range is thus +2 to —60 dB approximately (see Figure 7).
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The output from this block is the next sample to be dealt with by the DTMF code
and the power detector.

DTMF Receiver

A brief specification is given in Table 2. For full details, refer to CEPT recommen-
dation T/CS 46-02. The operation of the TMS320C17 algorithm to this specification has
been verified by use of the standard Mitel DTMF test tape.



Table 2. DTMF Decoder Specification

Measurement Breakdown Value

Signal frequencies Low Group 697, 770, 852, 941 Hz
High Group 1209, 1336, 1477, 1633 Hz

Frequency deviation for correct <1.9%

operation

Power levels per frequency Operation {(—6 dBm0O — G dB) to

{—36 dBmO - G dB)*

Non-operation —45 dBmO - G dB*

Power level difference between 0 dB to 10 dB

frequencies for operation

Tone duration Recognition >40 mS
Non-Recognition <20 mS

Silence duration Recognition >40 mS
Non-Recognition <20 mS

Signal to noise ratio required for 12 dB

correct operation

Talk-off performance 15 hits in 30 minutes of con-
densed speech

*See Mode subsection in Host Interface section for an explanation of the gain control factor GdB.

The DTMF receiver may be used to receive and recognize tones from a remote hand-
set, e.g. in a PABX, or from a telephone set at a remote point on the public telephone
network. The distortion of tones over the public network is often severe; for example,
the attenuation of the signal from the remote transmitter could vary from 0 dB to 30 dB
or more. The specification shown in Table 2 provides correct operation across the normal
range of signals received over the public network.

The range of received signal levels at which the DTMF receiver will correctly decode
signals can be varied by altering the gain of the tone detector module under software con-
trol (see Mode section).

Validation of a DTMF digit while the DTMF receiver is enabled (see Mode sec-
tion) causes a DTMF interrupt to be generated and suppresses the generation of any short
tone interrupt which might otherwise have been generated by the tone receiver code. The
arrival time of the tone is stored for the host to read if required.

The following description of the operation of the DTMF block relates directly to
the detailed flow chart shown in Figure 8.
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DTMF (program listing page 508)—This revolves around a set of eighth order nar-
row bandpass filters at each of the individual tone frequencies which may be combined
to produce a DTMF digit.

The simple eighth order filtering process is executed on the incoming sample
automatically when the DTMF receiver is enabled. If a valid DTMF digit is found, its
value is stored in the DTMF digit register and execution passes along the ‘validated’ path.
If the DTMF receiver is not enabled, program execution passes onto the tone receiver.

Save Held Onset Time—The onset time of all detected signals is saved in a holding
register. This is transferred to the tone arrival register only if the tone receiver is not already
indicating the presence of a tone, in which case the tone arrival register will already have
been loaded.

Set Onset Time Valid Flag, Set DTMF Interrupt—The DTMF tone onset time is
saved in a register for the host to read. The host is informed by interrupt (if implemented)
that a tone onset has occurred and that timer registers containing information about the
tone are available to be read.



Power (Envelope) Detector (see program listing page 494)

As described above the power detector performs an envelope detection operation
on the incoming signal, and directs flow to one of four tone receiver paths.

The smoothing filter applied to the incoming signal has the form:

ENVEL=((215XENVEL) + ABS(32 X EDF X SAMPLE) —-(32 XEDF X ENVEL))
215

Where EDF is the user programmed envelope decay factor (see Envelope Decay
Factor section). This is equivalent to:

ENVEL = ((1-k) X ENVEL) + (k X ABS(SAMPLE)) where EDF is k X 210
where EDF is k x 210 k positive.

The envelope decay factor may be programmed to provide a range of time constants
for the envelope detector. There is generally a trade-off between the rejection of a glitch
if a long time constant is used and increased accuracy of time-stamping with a short time
constant.

When the power detector identifies the departure of the input signal, a status register
bit (see Status section) may be set, and the time of departure written into a register. This
depends upon the signal having been recognized as a DTMF digit or a valid tone within
the tone receiver search bands.

Due to the method of implementation of the envelope detector, it should be kept
in mind that there are two areas of operation when using the tone receiver: the arrival
and departure time skew and the sampling frequency. These are explained in detail in
Appendix C.

Tone Receiver Band Pass Filter Generation

The tone receiver generates a band pass filter for each of the chosen frequencies
and uses these filters to select the desired frequencies from the incoming signal. The
steepness of cut-off of each bandpass filter is defined by the length of time over which
the received signal is filtered. This is programmed via a register and applies to all the
filters in operation. The passband width of each filter is specified via a separate register,
and the maximum value for passband width for any single filter is 492 Hz. Each of the
filters in use may be selected to adopt either the passband width specified in the register
(wide filter) or a passband width of zero (narrow filter).

As described in the Tone Receiver Power Level Determination section, the power
detector directs the flow of the tone receiver along one of four paths:

Tone onset
Tone departure
Steady tone
Steady no tone



A detailed description of the operation of each of these follows.
Tone Onset

Figure 9 shows the flow chart associated with a tone onset indication from the power
detector.

Y

Set Tone
Present Flag
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Hold Onset
Time

Tone Detector On?
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Reset Filtering
A 4
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Clear First
v Block Flag

. ¥

Figure 9. Power Detector Flow Chart—Tone Onset

Set Tone Present Flag—This flag is used to indicate the presence or absence of a
tone on the line.

Hold Onset Time—The onset time of all detected signals is saved in a holding register.

~ Filter (program listing page 496)—This routine is the heart of the tone receiver
algorithm. The FIR filters are of the lowpass type and there is one for each of the six
search frequencies. A range of filter lengths may be specified, from 61 to 1025 samples,
allowing filters of extremely steep cut-off to be implemented. With the maximum filter
length of 1025 samples, the shortest quantifiable tone is one of at least 128 ms duration.
The input signal is demodulated using a sine and cosine wave at each of the six search
frequencies. The result of the demodulation is that any signal present at one of the search
frequencies is transposed into the passband of the lowpass filter. Figure 10 shows the filter
structure.
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Figure 10. FIR Filter Structure

The coefficients of the filter are samples taken from a window function stored in
ROM. The function is a Kaiser window, chosen to give the narrowest lowpass response
with the given stopband rejection. Where a wide filter response is specified, each filter
coefficient is multiplied by a sample of a sin(X)/ X function to provide a second wide
filter coefficient. This has the effect of widening the filter passband in a definable and
convenient manner. The input sample is multiplied by the normal (narrow) and wide filter
coefficients to produce both a narrow and wide intermediate sample. Each of the six filters
is specified to be either narrow or wide according to the value in the filter select register.
Depending on this value, the appropriate intermediate sample is multiplied by a sine sam-
ple and cosine sample at the required search frequency. The sine and cosine samples are
generated as required by a special routine. The twelve products are separately accumulated
to 32-bit accuracy.

In addition to this, accumulations are kept of the wide and narrow filter coefficients
so that the filter accumulations can later be normalized. An accumulation is also kept of
the square of the input sample, so that the total signal level in the telephony band can
be calculated.



Reset Filtering—Clears down all the accumulators and registers used by the filters.

Clear First Block Flag—Clears a flag set to indicate that the first block of data was
being filtered.

Tone Depart

Figure 11 shows the flow chart associated with a tone departure indication from
the power detector.
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Figure 11. Power Detector Flow Chart—Tone Departure

Clear Tone Present Flag—This flag is used to indicate the presence or absence of
a tone on the line.



Reset Filtering—Clears down all the accumulators and registers used by the filters.

Onset Time Valid Flag Set?—The program tests to see if a flag has been set at this
point to indicate that the stored onset time is valid. This will be the case only if a complete
block of filtering has been performed on the tone, or the tone has been recognized as a
DTMEF digit. If the flag is not set the program further checks to see if the tone detector
is enabled. If not this section terminates. Timer registers are not updated and contain onset
and departure times for the previous valid tone or digit. However, the current time register
is available for the host to read if it wishes to timestamp the short tone. If the tone detector
is on, the short tone bit in the status register is set which can optionally generate an inter-
rupt (see Status section).

Clear Onset Time Valid Flag—Clears the above flag.

Save Depart Time—Provided that a valid tone or digit has been recognized, the cur-
rent time is saved directly into the tone departure register.

Set Depart Interrupt—If the tone detector is enabled, the tone depart bit in the status
register is set. This may optionally generate an interrupt.

Steady No Tone

In this case, the only operation performed is Reset Filtering which clears down all
the accumulators and registers used by the filters.

Steady Tone

This condition causes execution from just above the ‘“Tone Detector On’’ decision
point in the tone onset flow chart (Figure 9).

End of Filter Block?

When the tone receiver is enabled, incoming samples are filtered in blocks. The
number of samples in a block is set by the filter length selected, and may be between
61 and 1025 samples. After each complete block of filtering, much housekeeping must
be done. Figure 12 shows the flow chart for this process.
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Figure 12. Tone Receiver Flow Chart—End of Filter Block



Calculate Levels—For each filter, the root of the sum of the squares of the correspon-
ding sine and cosine accumulations is calculated and normalized using the appropriate filter-
coefficient accumulation. The result represents the signal level falling within the pass-
band of the filter. The square root of the signal-squared accumulator represents the total
signal level present within the telephony band. Provided that the filters have been correct-
ly placed, the root of the sum of the squares of the filter outputs should equal the total
signal level. This allows a check to be made for tones present but not registered by the
filters in use.

Check Changes, Write Levels—The output level of each of the six filters is checked
to see whether any of them has crossed the change threshold programmed by the user.
The signal levels in the six bands are then written to registers for the host to read. The
second three filters will be zero if DTMF is switched on.

Save Held Onset Time, Set Onset Time Valid Flag, Set Onset Interrupt—If the block
of filtering that has just been completed was the first one performed on the current tone
there are a few other tasks to perform. The tone onset time is saved in a register for the
host to read and then the host is informed by interrupt that a tone onset has occurred and
that timer registers containing information about the tone are available to be read.

Changes?, Set Change Interrupt—If the completed filter block was not the first block
after tone arrival, it is necessary to check for any changes to the tone. If any signal levels
have crossed the change threshold in a filtering block other than the first block, then a
change interrupt is asserted. Registers containing information about the tone may contain
misleading information due to the likelihood of the change having occurred in the middie
of a filtering operation.

Reset Filtering—Clears down all the accumulators and registers used by the filters.

Clear First Block Flag—Clears a flag set to indicate that the first block of data was
being filtered.

I/0 Routines (Interrupt Handler)

Both host and signal (serial) I/O are dealt with by the interrupt handler. Host read
or write accesses cause an external hardware interrupt to the TMS320C17. The availabili-
ty of a new codec sample within the serial port receive register causes an internal hard-
ware interrupt. A flow chart of the interrupt handler is shown in Figure 13. A detailed
description of some parts of the code within the interrupt handler are contained in Inter-
rupts section.
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Figure 13. 1/O (Interrupt Handler) Flow Chart



Self Test

The tone detector system can be instructed to carry out a self-test operation at any
time by writing to a bit in the mode register. The flow chart for the self test routine is
shown in Figure 14. The duration of the test is 6 ms. No access should be made to the
tone detector until the end of this period when the result of the self test is available in
the mode register.
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Figure 14. Tone Receiver Flow Chart - Self Test




Once the self-test is complete the tone detector enters a state where normal func-
tions are inoperative, but the host data path may be tested. In this mode a write to any
register other than mode or control will access a holding register inside the tone detector,
rather than the register specified. This holding register may then be read by accessing
any register other than mode or status, thus checking the integrity of the host data path.

Self-test is terminated by a further write to the mode register. When this has been
done, the tone detector is left in the default state as though it had received a hardware reset.

Program Overview

An integrated flowchart for the tone detector program is shown in Figure 15. I/O
routines and self test are not included as they do not form part of the normal tone detector
program flow.

[P OU
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Utilization of TMS320C17 Resources
Central Arithmetic Logic Unit (CALU)

The throughput capability of the CALU is one of the keys to the success of the
TMS320 family. At the center of the CALU is a two’s-complement 16 by 16 hardware
multiplier with a 32-bit product register, which provides a result in a single cycle. Other
features interfacing directly to the multiplier are the 32-bit ALU, 32-bit accumulator (ACO),
two shifters and the data bus as shown in Figure 16. One input of the multiplier is provid-
ed directly from data memory via the data bus, the other is from the previously loaded
temporary (T) register.
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Figure 16. Central Arithmetic Logic Unit (CALU)




The hardware intensive approach of the CALU allows mathematically intensive
algorithms to be performed very efficiently. To show its performance, the following ex-
ample is taken from the ENVDET (envelope detector) routine in the source listing. Its
function is to implement a smoothing filter of the form:

.

ENVEL=((215 X ENVEL) + ABS(32 X EDF X SAMPLE) — (32 X EDF X ENVEL))

215

Initial conditions are that EDF is stored in data memory location TEMP and the current
envelope detector output is stored in ENVEL.

LAC

SACL
LT
MPY

PAC

ABS

MPY

SPAC

ADD

ADD

TEMP,5

TEMP
TEMP
SAMPLE

ENVEL

ENVEL,15

ONE, 14

Puts EDF X (25) into the accumulator, using the barrel
shifter to shift EDF from data RAM location TEMP left
by 5 bits.

Stores 32 x EDF back into TEMP.
Loads 32 X EDF from TEMP into T register.

Multiplies the data value from SAMPLE by 32 x EDF and
puts result into the P register.

Copies P register result into accumulator. Note that an in-
struction which transfers the P register into the accumulator
must always follow a multiply in order to ensure the con-
tents of the P register are not lost if an interrupt occurs dur-
ing the multiply instruction.

ACC = 32 x EDF x SAMPLE

The absolute value (magnitude) of the result is left in the
accumulator.

Multiplies the data value from ENVEL by 32 x EDF and
puts result into P register. Note that it is not necessary to
reload the T register.

Subtracts P register contents from accumulator. ACC =
ABS(32 x EDF x SAMPLE) — (32 x EDF x ENVEL)

Adds current value from ENVEL to accumulator with a left
shift of 15 (i.e. multiplied by 215),

ACC = ABS(32 X EDF X SAMPLE) — (32 x EDF x
ENVEL) + (EDF x 215)

Adds the value 214 to the accumulator to round up the
result.



SACH ENVEL,1 Stores the upper 16 bits of the accumulator in ENVEL with
a left shift of one to remove the extra sign bit (caused by
multiplying two two’s-complement numbers). As it is stor-
ing the high-order accumulator, the result is effectively
divided by 215.

Thus we now have the result:

ENVEL=((215x ENVEL)+ ABS(32 X EDF X SAMPLE) — (32 XEDF XENVEL))
215

This calculation takes 11 instructions and executes in 11 cycles or approximately
2.15 ps with a 20.48 MHz operating frequency.

Interrupts

The TMS320C17 has an extended interrupt capability to handle a number of possi-
ble sources. These are external interrupt and serial port interrupts for any of FSR (exter-
nal receive framing input), FSX (external transmit framing input) and FR (internal framing
output).

Two steps are required to enable an active interrupt to the device. First, the individual
interrupt must be enabled by writing to the appropriate bits in the system control register.
Secondly the master interrupt circuitry should be enabled by the EINT instruction.

When an interrupt occurs, its source can be determined by reading the interrupt flag
bits in the system control register. Program control can then branch to the appropriate
interrupt handler.

For a full explanation of TMS320C17 interrupts refer to sections 3 and 5 of the
First-Generation TMS320 User’s Guide (Reference [6)).

Interrupt Initialization

In our example interrupts are initialized by the WRESET (warm reset handler) routine
as follows. CTLPRT and CTLUPR are equated to O and 1 respectively to point to the
/O locations of the lower and upper 16 bits of the 32-bit system control register. Some
data RAM locations are also previously set up as shown.

CTL320 contains FD9Fh
MSOOFF contains 00FFh
ONE contains 0001h

The interrupt initialization code also includes the serial port initialization. The use
of the serial ports within this application is covered briefly in DTMF Telephone Tester
section. The following listing should also be referred to when reading that section.



ouT CTL320,CTLPRT Sets lower 16 control bits to FD9Fh. This resets all inter-

OUT  CTL32U,CTLUPR

LAC CTL322
SACL CTL320

OUT  CTL320,CTLPRT

Interrupt Handler - Entry

rupt flags, enables external and FR interrupts only, con-
nects 1/0 port 1 to the upper control register, sets the XF
output low, enables the serial port, selects and enables A-
law encoding/decoding and selects SCLK (serial clock) as
an input.

Sets upper control bits to OCFEh. This sets SCLK to
2.048MHz, sets FR to 8KHz, selects sign magnitude com-
panding and selects FR for fixed data rate operation.

ACC = 7C90h.
Stores 7C90h back into CTL320, for future use.

Sets lower control bits to 7C90h. This sets SCLK to be an
output, connects I/O port 1 to the serial port companding
hardware, selects internal framing and leaves other options
unchanged. Note it does not clear interrupt flags.

When a valid enabled interrupt is received, program execution jumps to program
memory location 2. In our code, this contains a branch to label INTHDL which is at the
start of the Interrupt Handler routine. '

This routine contains the detailed steps for handling a serial port interrupt or an ex-
ternal (host interface) interrupt. All that is explained here is the code concerned with in-
terrupt management.

SST

LDPK
SACH

SACL
LDPK
SAR

LARP

IN

SRSAVE

1
ACCUHI

ACCULO
0

Saves the current contents of the status register in data
memory location SRSAVE. This is automatically in
page 1 of data RAM, regardless of the value of the
data page pointer.

Sets the data page pointer to page 1.

Saves the current contents of the accumulator in data
memory location ACCUHI (data page 1).

As above.

Resets the data page pointer to page 0.

ARO,ARSAVE Saves the contents of ARO in ARSAVE (data page 0).

0

Ensures auxillary register pointer is 0 for future in-
direct memory accesses.

ITEMP,CTLPRT Stores lower order system control register in data

memory location ITEMP (data page 1).



LAC
AND

BZ

ONE,3
ITEMP

NOTCDC

Interrupt Handler - Exit

Loads 23 into accumulator, ACC = 0004h.

ANDs data in ITEMP with 0004h in order to test
whether bit 2 in system control register is 1, (i.e. is
it a serial port interrupt?).

If bit 2 not set, it is not a serial port (codec) interrupt
and execution branches to the routine for external
(host interface) interrupts.

All external interrupts return through the following path

LACK
ADDS

SACL
ouT

7
CTL320 .

ITEMP

ITEMP,CTLPRT

Loads 7 into accumulator.

Adds CTL320 (7C90h) to accumulator with sign ex-
tension suppressed as we are not dealing with two’s-
complement numbers.

ACC = 7C97h

Store accumulator into ITEMP.

Clears all interrupts except internal framing, leaves
all other bits in system control register unchanged.

Note only non-codec interrupts are cleared here. Codec (serial port) interrupts are
cleared at the start of the codec interrupt routine. This is because the two interrupt sources
are asynchronous. Thus it is quite possible for a serial port interrupt to occur during the
external interrupt routine and vice-versa. It is essential that these ‘‘pending’’ interrupts
are not lost during the handling of the previous interrupt.

The codec interrupts join the external interrupt exit path here

LAR

LDPK
ZALH

ADDS

LST

EINT

ARO,ARSAVE

1
ACCUHI

ACCULO

SRSAVE

Restores ARO value to that prior to entering inter-
rupt routine.

Sets data page pointer to page 1.

Loads high accumulator with exact copy of
ACCUHL.

Loads low accumulator with exact copy of ACCULO
with sign extension suppressed to leave high ac-
cumulator unaffected.

Restores status register value with that prior to enter-
ing interrupt routine.

Enables interrupts. This instruction always waits until
the following instruction has completed execution so
that interrupts are not nested.



RET Returns program control to the point at which the in-
terrupt occurred.

Serial Ports

Serial port initialization occurs at the same time as interrupt initialization as both
involve the use of the TMS320C17 Control Registers. This is covered in detail in the in-
terrupt section above.

This application uses a single serial input only. A TCM2917 codec chip operated
in the fixed data rate mode is used to provide analog to digital conversion. A 2.048 MHz
clock (SCLK) is provided by the TMS320C17 along with a framing signal (FR) giving
a sampling rate of 8 KHz. With CDCPRT having been equated to one, data transfer is
simply by the use of the following instruction

IN * CDCPRT Inputs data from I/O port 1 which has been switched
to accept serial input from the companding hardware
by a previous write of a one to control register bit 8.

Hardware Implementation

The example outlined below is a possible design for a tone detection system as a
peripheral to an IBM XT or AT compatible PC bus. Figure 17 shows the complete circuit
schematic for this design. The circuit uses only four integrated circuits to implement a
full-functionality tone detector. The signals required from the PC bus are SAQ - SA9
(latched address bus), DO - D7 (8-bit data bus), IOW (I/O Write), TOR (I/O Read), RESET
DRV (System Reset), and AEN (Address enable for DMA). Figure 18 shows the PC bus
activity for these signals during an I/O operation. For more detailed information on the
function and behaviour of these signals see References [3] and [4].
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Figure 18. PC Bus Activity I/O Read or Write

The XF (external flag) pin of the TMS320C17 may also be used to signal an inter-
rupt on one of the PC bus lines IRQ3 - IRQ7 (Interrupt requests), if it is desired to have
an interrupt driven and not a polled interface. The example shown is based on a polled
interface and does not utilize host interrupt.

Host Read/Write Decode

The PAL (programmable logic array) can give a host read or write function at any
address in the range 0 to 03FFh (hexadecimal). Only one I/O address is used by the tone
detection system in this example. For use in a PC, any free address in the I/O space could
be chosen. The AEN signal is also passed to the PAL to ensure that the system is not
mistakenly accessed during a direct memory access (DMA) cycle.

Assume that the I/O address of the tone detector is 0300h. The equations for the
host read and write strobes would be as follows:

READ = A # A8 # AT# A6 # A5 # Ad # A3 # A2 # Al # AO # TOR # AEN
WRITE = A # A8 # AT # A6 # AS # Ad # A3 # A2 # Al # AO # TOW # AEN
where # represents the logical OR function.
TMS320C17 I/0O Read/Write Decode

The PAL also provides the decode function for TMS320C17 IN and OUT (read
and write) operations. A TMS320C17 read and a data write always use I/O port 4. A
status write is made to port 6. Ports 0 and 1 are reserved for internal functions of the
TMS320C17. Other ports are not implemented in this system.

The equations for a TMS320C17 read and write are as follows:
< 320RD = DEN & PA2
320WR = WE # PA2



Host Data Write

Upon receipt of the correct 1/0 address and the 1/0 Write strobe, the data present
on the PC bus is latched into the 74ALS652 on the rising edge of 1/O Write. Simultaneously,
an interrupt is given to the TMS320C17. As previously described, the TMS320C17
responds to this interrupt by performing a read operation from its input port 4.

The TMS320C17 read is implemented by PA2 being set high and DEN (data enable)
acting as a read strobe. While data enable is low, the high-impedance outputs of the
74ALS652 are enabled and the TMS320C17 reads an 8-bit value. This contains the ad-
dress of the register to be accessed and the read/write bit which is set to indicate a host
write in this case.

The read of port 4 is then followed by a write of the current contents of the status
register from the TMS320C17 to output port 6. This is implemented by PA2 and PAl
being set high and WE (write enable) being used as a write strobe. When write enable
goes high to signify the end of the write, the data on the low order data bus (D7 to DO)
of the TMS320C17 is latched into the 74ALS652.

The second part of the host data write operation is an exact duplication of the above
sequence of events. It would then be normal to read the status information returned at
the end of the cycle. This is done by a simple I/O read from the address of the board
which enables the contents of the 74ALS652 onto the PC data bus.

Host Data Read

This operation is based on the same sequence of events as above, as indicated in
Host Read Cycle section. ‘

Host Reset

The active high RESET DRV signal is taken from the PC bus, inverted and applied
to the TMS320C17 RS input (pin 4).

Host Interrupt

As mentioned briefly above, the TMS320C17 uses the external flag (XF) pin (pin
28) to signal an interrupt to the host. This interrupt may come from a number of sources
as described in Control section. This signal is active low and is set to a high level after
a reset to the TMS320C17. There is a period of 2 ms after the release of reset for which
the state of the interrupt should be ignored, as it is set inactive only by execution of the
appropriate instruction. The state of XF is therefore undefined for the period between
the application of reset and the execution of the instruction which initializes it to the inac-
tive state.

The easiest method to overcome this would be only to enable the appropriate host
interrupt line at least 2 ms after the release of reset.



Host Handshake

There is no host handshake implemented on the example application described here.
The maximum length of time which a single read or write can occupy is 20 ps. The host
should ensure that consecutive accesses do not occur more closely than this.

Analog Interface

This function is performed by an industry-standard combined PCM codec and line
filter (COMBO), the TCM2917 (see Reference [5] which provides A/D and D/A conver-
sion as well as transmit and receive filtering. In this application the codec is set to a gain
of 1. The TCM2917 performs A-law companding and operates in this circuit in the fixed
data rate mode of 2.048 MHz. As this application was developed in Europe, the A-law
companding TCM2917 was used. For applications in North America this may be replac-
ed with the TCM2916 which provides pu-law companding and is pin-for-pin compatible
with the TCM2917. There is a small change to be made to the area of program which
initializes the control registers in the TMS320C17. This is covered in detail in Substitu-
tion of TCM2916 for TCM2917 subsection.

The TCM2917 interfaces directly to one of the two serial ports on the TMS320C17
which were designed to facilitate the use of this type of device (see References [1] and
[6] for further information).

Host Interface

The tone detector function described in this application note appears to the host CPU
bus as a single 8-bit parallel port. This port is used as shown below to give access to the
sixteen read and write registers within the TMS320C17.

In the particular example presented here the interface is of the polled access type.
An interrupt driven interface can be implemented by setting the appropriate bits of the
tone detector control register and connecting the XF pin of the TMS320C17 (pin 28) to
a host interrupt input.

Host Write Cycle

The host CPU writes to one of the 16 available registers by a four step process as
shown in Figure 19.



CPUaction =~ VOportlatch ~  TMS320C17action

Output write address
zero In R/W bit
Read address + R/W bit
(320C17 1/O port 4)
Write current contents of
44— status reglster
(320C17 1/O port 6)
Input current

contents of status @ — — — —
register  (optional)

Outputdata _____

Read data

(320C17 /O port 4)

Write current contents of

44— slatus register

input current (320C17 1/O port 6)

contentsofstatus o
register

Figure 19. Host Write Cycle

The write cycle is initiated by an output from the host CPU to the I/O port or memory
location occupied by the tone detector. The first byte of data transferred is a command
byte which contains the address of the register to be written to and the read/write bit set
to a zero to indicate a write operation. The bit assignment is as shown below.

D7 D6 D5 D4 D3 D2 D1 DO
1 1 1 0 A3 A2 Al A0
R/W | ——— Register address

A3 is the most significant bit of the tone detector register number and AQ is the least signifi-
cant bit.



Following this host CPU command the TMS320C17 will make the current contents
of its status register available for input by the CPU. It is not usual for the host CPU to
read the status information at this point,

This is followed by a host CPU write of the data to be transferred into the tone detector
register. The operation is completed by the TMS320C17, which again makes the current
contents of its status register available. It would be normal for the host CPU to read this
status byte from the I/O port at this time.

Host Read Cycle

The read cycle is initiated by the host CPU in a similar way to the write cycle above,
and is shown in Figure 20.

CPU action 1O port latch IMS320C17 action
Output address and
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Reed address and R'W
—» bkt
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Write data
(320C17 1/O port 4)

hputdate ¢

Outputaddresszero

and one In R/W bit
Write current contents of
44— slatus register
(320C17 1/0O port 6)
Input current
contents of status ¢——
reglster 1

Figure 20. Host Read Cycle

In this case, the read/write bit is set to a one to indicate a read. Following the initial
host CPU write of the address, the TMS320C17 makes the contents of the addressed register
available for the host CPU to read. The cycle is completed when the host CPU issues
a second register read request with an address of zero (status register) and the TMS320C17
makes available the current contents of its status register for the host CPU to read.



Host Access Considerations

The host CPU may not attempt to perform any new access of a tone detector register
before the previous access is complete. A read operation must be fully completed before
a write is initiated and vice versa. Additionally, neither read nor write operations should
be nested. Both the host read and host write should be regarded as discrete tasks to be
executed in isolation from any other host access.

A delay should be allowed between the host CPU writing the register address to
the tone detector and reading the subsequent response (data for a read cycle, status for
a write cycle). This delay should be a minimum of 20 us. No delay is necessary between
reading the response and performing a subsequent write operation, but a further minimum
20 ps delay should be allowed prior to the next read. This delay allows the TMS320C17
to retrieve the correct data from its data memory, perform any necessary calculations and
output it to the interface latch.

Host Interface Registers

Although the tone detector only occupies one physical 8-bit read/write host loca-
tion, the full interface is implemented by sixteen read and write registers within the
TMS320C17. Their allocation is shown below:

Address Read Register Write Register
0 Status Control
1 Mode Mode
2 DTMF digit Envelope decay factor
3 Tone arrival (MS byte) Upper threshold
4 Tone arrival (LS byte) Lower threshold
5 Tone departure (MS byte) Filter length
6 Tone departure (LS byte) Passband width
7 Current time (MS byte) Change threshold
8 Current time (LS byte) Frequency (MS byte)
9 Band 1 signal level Band 1 frequency (LS byte)
A Band 2 signal level Band 1 frequency (LS byte)
B Band 3 signal level Band 1 frequency (LS byte)
C Band 4 signal level Band 4 frequency (LS byte)
D Band 5 signal level Band 5 frequency (LS byte)
E Band 6 signal level Band 5 frequency (LS byte)
F Total signal level Filter select

Where MS byte refers to the most significant (upper) byte of a 16-bit word, and LS refers
to the least significant (lower) byte of a 16-bit word.



Register Read Functions

Except where specified all of the following read registers are set to zero by a hard-
ware reset.

Status

D7 D6 D5 D4 D3 D2 D1 DO
ST .| DT TC TA TD

ST— This bit is set to zero when the departure of a tone is detected by the envelope
detector before it has been validated as a DTMF tone or a filtering operation
has been completed on the tone.

DT— This bit is set to zero when the occurence of a valid DTMF tone pair is detected.
TC— This bit is set to zero when a change in tone is detected.

TA— This bit is set to zero when the arrival of a tone is detected by the envelope
detector, and the tone has been validated as a DTMF digit or a filtering opera-
tion has been completed on the tone.

TD— This bit is set to zero when the departure of a tone is detected by the envelope
detector.

Each of the bits in the register are set to one by writing the appropriate value to
the IACK bits (bits 2-4) of the MODE register (see Mode section).

A reset will cause all of the bits of the status register to be set to one.

Mode

D7 D6 D5 D4 D3 D2 D1 DO
TEST | DTMF| TONE |IACK2 { IACK1 |[IACKO | RCl1 RCO

Each of the bits in this register, except RC1 and RCO, simply reflect the last value
written to the corresponding bit in the mode register.

RC1  These two bits together form the result code generated by a self
RCO  test operation by the tone detector.

The meanings of the result codes are as follows:
RC1 RCO Meaning

0 Clock failure

1 Test successfully completed
0 RAM failure detected

1 ROM failure detected

_—o
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Tone Arrival (MS Byte and LS Byte)

The two tone arrival registers are read by the host CPU in conjunction. They report
the time at which the arrival of a tone was detected. The 16-bit value formed by (256
X MS) + LS is treated as an unsigned integer giving the time at which tone arrival was
detected in milliseconds. This time is taken from the contents of the current time register
(see Current Time section) at the moment of the tone arrival being recognised by the power

detector.

This bit is set to one when there has been an overrun of received DTMF
digits, ie. a new digit has been received when the DT bit in the status register
was set to zero (before the host has acknowledged the receipt of a previous
digit). OVRUN remains set to one until a DTMF digit is received while
the DT bit in the status register has a value of one. The digit indicated
by DD3-DDO is the last received digit regardless of the state of OVRUN.

These four bits together identify the last valid received DTMF digit.




The tone arrival registers are updated when either a DTMF digit is detected, or a
filtering operation is completed.

Tone Departure (MS Byte and LS Byte)

The two tone departure registers are read by the host CPU in conjunction. They
report the time at which the departure of a tone was detected. The 16-bit value formed
by (256 X MS) + LS is treated as an unsigned integer giving the time at which tone depar-
ture was detected in milliseconds, as taken from the current time register.

Neither the tone arrival or tone departure registers are updated by the arrival or
departure of a short tone, i.e. one which had departed before being recognised as a DTMF
digit, and before a tone receiver filtering operation had been completed on it.

Current Time (MS Byte and LS Byte)

The two current time registers are read by the host CPU in conjunction. They report
the current time indicated by the tone detector module. The 16-bit value formed by (256
X MS) + LS is treated as an unsigned integer giving the current time in milliseconds.
Reading the current time (MS byte) register causes the value of the current time (LS byte)
register to be copied into a holding register. In order to get a correct reading of the full
16-bit value of the current time the MS byte should therefore be read first.

When current time reaches the maximum value of 65535, the next increment takes
it to zero. The current time increments every millisecond upon release of hardware reset.

Band 1-6, Signal Level

The signal levels received in each of the frequency bands specified are reported in
these six frequency band signal level registers. The values read from these registers are
to be interpreted as 8-bit unsigned integers, SL. If a value of SL is read from a register,
then the signal level represented is:

(5.30 X SL) mV rms (root mean square)
GAIN

See Mode subsection in Host Interface section for a description of the gain factor (GAIN).

Typical values which may be read are as follows:

SL Signal Level Codec Level

40 212.0/GAIN mV rms | —14.1 dBm0 — G dB
254 | 1346.0/GAIN mV rms | + 2.0 dBm0 — G dB

An input signal level of greater than 1346/GAIN mV rms will result in a value of
SL = 255.



When the DTMF bit in the mode register is set to one, the values read from Band
Signal Level Registers 4 to 6 are all zero as only three frequency bands can be monitored
while the DTMF receiver is active. The DTMF bit must be set to a zero if bands 4 to
6 are to be monitored.

Total Signal Level

The signal level received over the frequency range 300 Hz to 3400 Hz is reported
in the total signal level register. The number format is identical to that described for the
band 1-6 signal level registers. ‘

Register Write Functions

Except where explicitly stated, a hardware reset will set each register to zero and,
when the contents of any register are changed, the tone detector uses the new value im-
mediately.

Control

D7 D6 D5 D4 D3 D2 D1 DO
INTST | INTDT | INTTC | INTTA [ INTTD

Writing a one to any of the bits in the control register enables an interrupt to be
signalled on the XF pin of the TMS320C17 when the corresponding bit in the status register
is set to zero.

Mode

D7 D6 D5 D4 D3 D2 D1 DO
TEST | DTMF| TONE [IACK2 | IACK1 |IACKO | GFl GFO0

The functions of the bits in the mode register are as follows:

TEST— Writing a one to this bit starts a self test operation. The result of the
test is reported in the lower bits of the mode register. As long as TEST
is a one the tone detector remains in the TEST mode and no register
accesses may take place. The self-test is terminated by writing a zero
to TEST after which the tone detector is left in the default state assum-
ed after a reset. A self test operation takes approximately 6 ms.

DTMF—  Writing a one to this bit enables the detection of DTMF digits. On enter-
ing the active state, the DTMF receiver begins looking for DTMF digits
as though it had been monitoring a silent line in the recent past.

TONE—  Writing a one to this bit enables the detection of tones. When the tone
detector is turned on, it will wait for the envelope detector to indicate
that a tone is present before starting filtering operations.



IACKO—  The pattern written to these bits selects which of the five possible

to interrupt conditions from the tone detector module is being acknowledg-

IACK2 ed. The acknowledgement of an interrupt causes the corresponding
status bit to be set to the one state.

The selection patterns are as follows:

TACK2 |IACK1 |IACKO| Interrupt to be acknowledged
0 1 0 Tone Departure (TD)
0 1 1 Tone Arrival (TA)
1 0 0 Tone Change (TC)
1 0 1 DTMF Digit Arrival (DT)
1 1 0 Short Tone (ST)

Other patterns have no effect

GF1-GFO— The two bit pattern written to these bits selects which of three gain
factors is applied to the input signal before it is passed to the DTMF
and tone receivers and the envelope detector. By writing a suitable value
to these bits, it is possible to adjust the tone detector module to accom-
modate very loud or very quiet signals. The selection patterns are as

follows:
GF1 GFO | Gain Factor | Relative Gain
(GAIN) (G dB)
X 4 12
1 0 1 0
1 1 16 24
Envelope Decay Factor

The time constant of the envelope detector is the time taken for the output of the
detector to reach 63% of its final value. The value written to the envelope decay factor
register is treated as an 8-bit unsigned integer, EDF. If the time constant required for
the envelope detector is t, then EDF should be specified as

EDF = 1024 x [1 — exp(—1/(8000t))].
For example for a time constant of 1.0 ms, EDF should be set to 120.

A reset will cause this register to be set to a value of 120.



Upper Threshold

The upper threshold is the signal level at the output of the envelope detector at which
the arrival of a tone is recognized. The number written to the upper threshold register
is treated as an 8-bit unsigned integer, UT. If the signal level required for this threshold
is Vy Volts rms, then UT should be specified as

UT = 254 X (0.743 X GAIN X V)

For example for an upper threshold of 425/GAIN mV, UT should be set to a value of
80. This represents a codec input of —8.0 dBmO — G dB.

A reset will cause this register to be set to a value of 255.
Lower Threshold

The lower threshold is the signal level at the output of the envelope detector at which
the departure of a tone is recognized. The lower threshold is specified in exactly the same
way as the upper threshold described above.

If the value programmed into the lower threshold register is larger than the value pro-
grammed to the upper threshold register, the value in the lower threshold register is taken
as the threshold for both tone arrival and tone departure.

A reset will cause this register to be set to a value of 255.
Filter Length

The filter length register defines the number of samples of the input signal which
are required to produce one result from the tone detector. The rate at which the codec
feeds samples to the tone detector is 8000 samples per second, or one sample every 125pus.
The value which is written to this register is treated as an 8-bit unsigned integer, FL.
The length of filter specified by the value FL is

16384

——— + 1 = N samples

FL + 16 :

For example, for a filter length of 410 samples, FL should be set to 24, giving a filter
duration of 51.3 ms. :

The filter length defines the steepness of cutoff at the filter band edge. Figures 21
and 22 give an indication of the filter band edge shape for both wide filters and narrow
filters of different lengths. They should be treated as indicative of the performance of the
tone detector.
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When contents of this register are changed, the tone detector waits until the start
of the next filtering operation before using a new filter-length value.

"A reset,will cause this register to be set to a value of 50 (250 samples).
Passband Width

The bandwidth of the bandpass filters used by the tone detector is specified by the
passband width register. The value which is written to this register is treated as a 6-bit
unsigned integer, PW. If a bandwidth of Y Hz is required, then PW should be specified as:

PW =Y x 0.128

The maximum permitted value for PW is 63, giving a passband width of 492 Hz.

The bandpass filters used by the tone detector are symmetrical about the center fre-
quency, i.e. a bandwidth of X Hz defines that frequencies which deviate by up to X/2
Hz from the center frequency fall within the passband.

Change Threshold

At the end of each filtering operation (except the first after tone onset) the signal
received at each of the monitored frequencies is compared against the signal received dur-
ing the previous filtering operation. If the signal level at any one of the monitored fre-
quencies has crossed the signal level threshold defined in the change threshold register,
then the Tone Change status bit is set in the status register. The change threshold is de-
fined in an identical manner to the upper threshold described above.

When the contents of this register are changed, the tone detector uses the new value
of change threshold on the next signal level comparison.

Frequency (MS Byte)

The 8-bit value, FMS, written to the frequency register (MS byte) forms the most
significant byte of the 16-bit specifier of a filter center frequency. When a value is written
to one of the frequency (LS) registers, the current contents of frequency (MS) is con-
catenated with the 8-bit LS value defined below to form the 16-bit frequency specifier.
The frequency (MS byte) register must therefore contain the desired value when the LS
byte is written.



Band 1-6 Frequency (LS Byte)

The 8-bit value, FLS, written to one of the band 1-6 frequency (LS byte) registers
is concatenated with the 8-bit value most recently written to the frequency (MS byte) register
to form the 16-bit specification for the filter center frequency. If a center frequency of
G Hz is required, then FMS and FLS should be specified as follows:

(FMS X 256) + FLS = 8.192 X G

or FMS = (8.192 x G) div 256
and FLS = (8.192 X G) mod 256

Filter Select

D7 D6 D5 D4 D3 D2 Dl DO
F1 F2 F3 F4 F5 F6

Writing a one to any of the bits in the filter select register causes the corresponding
filter to adopt the passband width specified by the passband width register (wide filter).
Writing a zero causes the filter to adopt a zero passband width (narrow filter).

A reset will cause each of the bits in this register to be set to one.
Applications and Customization

The combination of a programmable tone receiver and a CEPT DTMF decoder in
a single chip opens up a wide range of potential applications. The operation of the device
across the 300-3400 Hz band targets its use towards telephony, but this is by no means
the only area to which it can be applied.

The examples shown here are chosen from the more obvious potential applications.
Some examples do not utilize the full power of the system, but they will hopefully serve
to illustrate the capabilities of the tone detector and act as a stimulus for the development
of innovative designs.

Secure Off-Site Control

The tone detection system described may be used within a secure off-site control
system. An increasing amount of such equipment is now available, designed to respond
to commands given remotely via a telephone line, as shown in Figure 23. These com-
mands are typically a single or a sequence of DTMF tone(s), and may be supplemented
by special tones.
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Figure 23. Secure Remote Controller

The level of security required varies with each type of equipment depending upon
its function. For example, a home answering machine does not require a high level of
security to protect its stored messages from being replayed to a remote telephone. At the
other end of the scale, it is clearly important that financial information or transactions
be heavily protected in the new remote banking systems now becoming available.

Sequences of DTMF tones of varying lengths with various intervals provide one
level of security which would be more than adequate for remote activation in the case
of the home answering machine. However, DTMF tones are limited by definition to a
set of sixteen tones making computer controlled attack (hacking) of any equipment rely-
ing on them for protection relatively easy. The method of protection used for cash-cards,
etc., where three unsuccessful attempts at breaking a code (the personal identification
number, or PIN) result in a machine refusing to return the card is not feasible in that any
remotely accessed system must be ready to respond to its authorized user at all times.The
system cannot just shut down if it suspects it is under attack from an unauthorized source.

One way of providing the protection needed would be to make the number of possi-
ble combinations of activating tones impractically large for any systematic hacking. This
could easily be achieved by extending the number of tones capable of detection beyond
the sixteen provided by DTMF.

The tone detector presented here makes just such a scheme possible by providing
capability for the accurate detection of a single frequency or any combination of up to
six simultaneous frequencies within the telephony band. With the added variety of variable
lengths of tone presence and absence, and sequential combinations of different tones, it
is clear that a very high level of security can be offered. The tone detector offers time
stamping of tone arrival, tone change, and tone departure and would thus make it easy
for any equipment to which it is attached to decide whether or not to allow access.



Call Monitoring

Call monitoring functions may be implemented using the tone detection system
described here. Across the various telephone companies in the world, there is a large variety
of call progress tones used. It may also be useful to decode other tones received down
a telephone line. An example might be for an answering machine to detect the fact that
it is accidentally being called by a modem, or for auto dialing equipment to detect that
it has accidentally called a modem. The ability to decode national call progress tones and
other random tones received is of particular use in, for example, a PC with an integral
telephony function. Here a range of actions may be expected of the PC depending upon
the exact nature of the received tone. This application relates directly to the design exam-
ple presented in the Host Interface section where a four-chip solution is shown for a PC
tone detection peripheral.

DTMF Telephone Tester

Using the general purpose tone detection function, a low-cost DTMF telephone tester
could be built to check the conformance of a telephone, or any other fixed tone generator,
to a particular standard.

With programmable center frequency (to a resolution of 0.12 Hz), programmable
passband width and filter cut-off, a precise measure of an incoming tone for conformity
is easily made. In a laboratory environment this could again be implemented as a peripheral
to a PC. If required, the TMS320C17 could also easily be controlled by any general-purpose
8-bit microcomputer to provide a low cost portable programmable tone tester.

Customization for User Applications

The source code for the TMS320C17 program described here is presented as Ap- -
pendix A. The code takes up less than half of the on-chip ROM and allows space for user
application code to be included on-chip for low chip-count solutions to a number of com-
plex tone decoding tasks.

The TMS320E17 EPROM digital signal processor can be used for the development
phase and low-volume manufacturing. For high-volume production, code can be masked
onto the TMS320C17 to provide a custom DSP.

To aid integration of additional application code, certain functions of the device are
not utilized by the existing source code. Of most importance is the BIO pin (pin 9) which
is effectively a software interrupt. By simple insertion of a BIOZ instruction, code execu-
tion could branch to special application routines. The XF (external flag) pin of the device
is used to signal an interrupt to the host. If (as is the case in the design example in this
report) this function is not used, it is simple to reprogram the function of this pin for any
desired purpose.



The following notes apply to any customization of the tone detector source code:

1. The correct execution of both the DTMF receiver and tone receiver functions
is dependent upon certain time critical functions. Care should be taken to en-
sure that any change made to the code does not affect the clean handling of
the continuous stream of samples from the codec.

2. Any change to the ROM code will require a corresponding change to the
checksum word at program memory location 0004h (label CHECKS at bottom
of page 489 of the source listing in Appendix A). The checksum test routine
(see page 516 of Appendix A) sums all the program memory locations in the
code and tests the lower 16 bits of the final sum for zero. It is important to
maintain this zero result by adjusting the checksum word.

Alterations that may be made to the tone detector include:
e Substitution of TCM2916 for TCM2917 in North American applications
e Use of the coprocessor port for parallel /O
e Use of either DTMF or tone receiver code in isolation
Substitution of TCM2916 for TCM2917

To change the TCM2917 codec for a TCM2916 requires only a small alteration in
the program code. The only difference between the TCM2917 and the TCM2916 is that
the TCM2917 performs A-law compression of its serial PCM data prior to output, and
the TCM2916 performs p-law compression. The TMS320C17 can decode either p-law
or A-law encoded data. The choice between g-law and A-law is made by the value written
to bit 14 in the TMS320C17 control register.

The lower 16 bits of the control register are set by writing data memory location
CTL320 to output port zero. CTL320 is initialised with a value of FD9Fh in the existing
code, with bit 14 set to a one (A-law conversion). Changing this initial value to BD9Fh
will ensure bit 14 is set to a zero (u-law conversion).

The change to a value of BD9Fh should be made by altering the statement

.word FD9Fh ; CTL320
(second statement below label CONST!1 at the bottom of page 490 in Appendix A) to
.word BD9Fh ; CTL320

within the source file.



Use of Coprocessor Port for Parallel I/O

The TMS320C17 features a coprocessor port which provides a direct interface to
most 4/8-bit microcomputers and 16/32-bit microprocessors. It is possible for the tone
detection system to make use of this port for connection to a variety of possible host CPUs.
Figure 24 shows a simplified logic diagram for the coprocessor port. Note that RBLE,
TBLF and BIO are not necessary to the tone detector interface as it uses single byte transfers

only.
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Figure 24. TMS320C17/E17 Simplified Coprocessor Port Logic Diagram

For full details of the coprocessor port refer to the First Generation TMS320 User’s
Guide (Reference [1]).

As an example this section considers an 8-bit interface, as may be required by a
TMS7000 8-bit microcomputer.



Coprocessor mode is selected by setting both the MC/PM input (pin 27) and the
MC input (pin 3) to low. Bit 30 in the TMS320C17 control register selects either a 16-bit
or an 8-bit interface. This should be set to zero for an 8-bit interface. Connections to the
TMS320C17 coprocessor port should be as shown in Figure 25.
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Figure 25. TMS320C17 to 8-Bit Microcomputer (TMS7000) Interface

The coprocessor port is accessed through I/0 port S in the TMS320C17, and all
parallel I/O IN and OUT instructions should be changed to access this port. In the listing
file in Appendix A, IN instructions are from port 4 and OUT instructions are to either
port 4 or port 6. All of these operations are within the interrupt handler section, INTHDL
(see page 510 of the listing).

Data transfers in coprocessor mode operate on the same basis as presented in Host
Write Cycle and Host Read Cycle sections, but the host CPU write and read sub-cycles
operate differently. Transfers to the TMS320C17 operate as follows:

1. The WR signal is driven low by the microcomputer using a single /O bit.

2. Data present on the LD7-LDO bus is written to the receive buffer latch (D7-D0)
when the WR signal is driven high by the microcomputer.

3. An internal EXINT signal is generated, causing the interrupt flag to be set in
the TMS320C17.



4. The TMS320C17 responds to this interrupt condition in exactly the same way
as the present code does, by executing the interrupt handler and executing an
IN instruction (from port 5 in this case).

Transfers from the TMS320C17 use the following sequence:

1. The TMS320C17 writes 8 bits of data to the transmit buffer latch (D7-DO0) with
an OUT instruction to port 5.

2. At some point after this, the RD signal is driven low by the micro-computer
using a single I/O bit.

3. Data is driven from the transmit buffer latch (D7-D0) to the LD7-LDO bus un-
til the RD signal is driven high by the microcomputer.

This interface may be further enhanced by implementing hardware handshaking be-
tween the TMS320C17 and the microcomputer, using the RBLE and TBLF signals from
the TMS320C17.

Use of DTMF Receiver or Tone Receiver in Isolation

This application report describes an integrated DTMF and tone detection system.
Both the DTMF receiver and tone receiver may separately be enabled or disabled (see
Mode section), but the code for both is resident at all times. For any application requiring
only the DTMF receiver function or only the general-tone function, ROM space can be
saved by removing the unwanted code. Due to the complexity of functions such as time-
stamping which are shared by both the DTMF receiver and the tone receiver, it is not
feasible to describe a complete solution, but some of the major considerations are outlined
below.

Note all subsequent page references are to the page number of the listing file given
in Appendix A.

The DTMF code section can be removed from the program without significant
modification. The DTMF code is very self-contained and is executed as a single block,
with few external calls to subroutines within it. The test for the DTMF bit in the mode
register should be removed from the end of the routine MAIN (see page 492). Calls to
the DTMF reset routine RSDTMF should be removed from the cold reset routine (CRESET
on page 514) and the self-test routine (SLFTST on page 516). The DTMF routine may
then be removed completely (pages 504 to 510). DTMF constants may be removed, and
the data memory locations they were loaded into used for other purposes. Care should
be taken to ensure that the correct initialization of locations required by the tone receiver
is not disturbed. The section in the warm reset routine (WRESET on page 514) which
initializes DTMF data memory locations in page 1 should also be removed.



The tone receiver section is far more complex and cannot be removed as easily.
Because the DTMF receiver relies upon certain of the ancillary functions of the tone
receiver, these must be left intact. The routines which can be removed are:

FILTER (pages 496 to 499)
CHNGS (page 501)

LVLS (pages 501 and 502)
COMPLT (page 502)

RSTFIL (pages 502 and 503)
SQRT (pages 503 and 504)

Associated data memory locations and initialisation values may also be removed.
Care should be taken to check all remaining sections of the code for references to code
or memory locations which have been removed. This applies particularly to the following
routines:

CRESET (pages 514)
WRESET (pages 514 and 515)
SLFTST (pages 516 and 517)
INTHDL (pages 510 to 513)
ENVDET (pages 494 and 495)

It is recommended that these changes are not attempted without an in-circuit emulator
for the TMS320C17. This can be used to trace program execution and, with its powerful
hardware breakpoint facilities can readily debug the modified source code.

For anyone who wishes to investigate the possibility of customizing the code presented
here and does not feel capable of taking on the development work, there is a U.K. com-
pany who may be willing to help on a consultancy basis:

Ensigma Ltd. Contacts:

Archway House Dr. Mike Carey

Welsh Street Adrian Anderson

Chepstow

Gwent

NP6 S5LL

Wales

Telephone: (44) 291 625422 (International)
0291 625422 (Within U.K.)

Flexibility Through Programmability

Due to the programmability of the tone detector, this solution is not bound by the
constraints of a custom hardware solution. Although the DTMF decoder performance is
targeted to the CEPT recommendations, the tone receiver is dynamically re-programmable
to suit a wide variety of incoming tones across a range of applications.



A simple tone detection system comprising no more than four chips may thus be
controlled by a PC or a single chip 8-bit microcontroller to perform any of the tasks describ-
ed by merely re-programming the on-chip registers of the TMS320C17.

Conclusion

This report has presented a high-functionality DTMF and general tone decoder. The
application as described has been fully tested and incorporated into a commercially available
telephony peripheral.

Information has been presented which allows a designer to incorporate the tone detec-
tor function into a product. A full source listing is included in this report for customiza-
tion. Performance characteristics for any customized version may vary from those given
here.

The objective has been to describe both a particular implementation of the tone detec-
tor and provide a level of insight for further development. In order to keep this last part
as simple as possible the mathematical detail has been kept to a minimum. If a detailed
explanation of this aspect is required Ensigma Ltd. should be approached (see Use of DTMF
Receiver or Tone Receiver in Isolation section).
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Appendix A
Tone Detector Source Code

MIUSION SUYLS 0 W €1 s 1188 118 19388 WHY ‘W4 ¢ " RLLIN A (L 1 4]

A0 ¥IM0Y ANINORYS 0 AUDM ¢ u s 1184 THNG 00930 W) ] WSt @0
WL NEHD 0 W ¢ 4 s ALY THWI 3000 ¥INU0) ¢ u Jst 118D
3148 ¥3ddN W L0 SSTOW ¢ ot s Lign 118 WG Luod WIS ¢ 1 WS 118480
140 0 SSHMY 0 SSIW ¢ 6 s 1161 118 HOLYY tAdIN0 3% o s 11640
¥IISIOR A SN OV * ¥ W e 118 ONIWS 3l ¢ [ s 11843
* 118 0WINDO T 1804 ¢ 8 350 11630
SL18 ONIGAM WUSION L ONILSLL W03 SLIINS  # s
: 1 300d Y160 303 135440 SOV ¢ 4080 Wt 13w
(-3 s " *
%18 308° s WL DD WO 9 AT ¢ 0 w9
%0y wse 4 WL INMHO 3A08Y S TIATT ¢ 1 e o4
802 st 1 WL MO 3008Y ¥ BATD ¢ 14 s el
201 ys° n WL M) 3A08Y € BATY ¢ 3 Wy
ue st il WL M) N0RY 2 TBATD ¢ [} s 24
+ WL MM 0RY T TATT H S 38 o
W (RSN ¢+ [ic'Ve x T 9 Jos* fax |
ST 118 HW3 40 NOTIONNY ML "ONISSIO0Hd WIJ3dS ONIVINORM SISIOW + 3NN ¢ L s° 153
AYITONT OL TIWL ONIJAW M3ISIO NI Q35N SHS (*SISSIQY YIvQ OZESML  + +
0L SOWMHO) TUSIINT LMBANDD OL 0350 SI T00YL ONIdAM MIISIOR HD)  + TR0 SEH LAWYAINT ¢ ot st 94N
* w4 N0 ML ¢ 1 PLCR: ¥ 1101
z FECR 118 VLS YT LARAUNT * u WSt 9INIS
1 st WL NDELS 20 X000 LSHId ¢ et 50 074184
0 5T THON arwA Ml 13N " W' o0
0 W5t 1930 NS NOL ¢ st WSt 01l
1 s S5ud .
z RIS (% T Y3LISIORN SN NI SNOLLISO Wl #
€ 95T YN +
. 180d 91 MOLYYHES ¢ 4 3950 LMIS
$1631 4T3 ¥4 SAUWI  + 140d Q¥R $nLvLs 9 35T LNLS
* 180d Wi ¢ [ P L
parsasay ! st s * 1404 1NAN] HOLY IS * £ 3850 [HAd
3dnaua3ut uo) Juoys ¢ [ 395t IANILS 1404 NOIINBLLY SAIYLS ¢ 14 WS 4Ly
dnasagut bt uig ¢ €1 s INIIO 1404 23000 ¢ 1 ELCRNNt s ]
36nauequt bury) due) ¢ 4] W I 1404 OHINGD M3ddN ¢ 1 PLCRNN (il
JAn1sajuT Jasug duoy ¢ u P50 GNISD 140d T0UINGD } 0 W8S U
«a?._._v«—: u._aacn o) B ol s 18N10 EY
(A{uo 23m4J93u1) WN ¢ 'y P AR SNOILINLA3] 1404  #
(A(uo ®dejuajun) WN ¢ 8 35 AQUR *
E ]
SL19 MIISIOW SnIvlS ¢ *
* ¥O123130 MOL ¥04 SILNDI ¥IMMISSY ¢
118 440/N0 A0 1S2U4BS ¢ L wst sl N
112 330/N0 W13 MiT ¢ ] st a0
119 0/M0 ¥0133130 N0} ¢ S 5T 1EN0L »
B ¢ v * 8361 AN 90°Z NOISIARY
o ¢ € st * .
GRS [ + ‘017 BOISND AQ NALLIN ¥
1S3 15U 416 ¢ 1 jos* &7 *
1S 1831 416 ¢ 0 st 0% 1861 AW ‘9861 Sunr SINBMWISNI SYXIL (7) IMOINAJDD ¢
* +
SLIG HUSISR W ¢ FNA0W ¥0103130 3N0L ¥0J 3000 3N0S LINZESHL  #
+ *
118 W0BING0 X0 WINS ¢ st st 11830




JIANAD L 300N SITWA STWIS MBNI0 3 ¢ *
"0%GPO1~ =2 ¥GZ 40 LNALNG IWHL HONS J0MAY .
JHANAT W0L03L30 M0S SIAIO ¥ = WIS ¢ +
91 W ¥'T = IS 193BS 04 0350 M ¢ ’
A W3LSIO 300N L NI SLIS L 30 OmL ¢ +
108 ‘¥ ST TN W03 WA UWILS I ¢ ’
e/ (WNIGIIWNI # $2°7 # 33W08) ¢ +
ANWA JL S TIANS TNEIINT L 0NN ¢ +
M3ENN WAILA0 WY OINT NS INGNT * +
QITIWINIT M-y ONINOS B04 MOLOVd TWOS ¢ 1<) "3 $5q°
HNILNCY NISTD NIS ML NI G350 IWISNOD ¢ 1 8°] ssq°
182 » 0506°0/1 ¢ +
= S00 GW INIS 303 H0L0¥3 NOLLIRR0O * 12350 ssq°
IO N0 TS ¢ s
GIIWANIT TWVTIU LXN O SINIOd * 11008 s8¢
NOLIYODT LAiND 3NN0 3344 LI 0L SINIOd ¢ 1'NID $5q°
1804 WHINGD ¥3ddN MO 3T ¢ 1'REUI $5q°
o ¢ »
Y3ISI9R W0HINGD OZESHL ¥4 IR NOOS ¢ 1'zZew $50°
) ¢ +
Y3LSIOR: WHINGD OZESWL H03 IR WILIND ¢ T'0zeud ssq°
0“1l ssq°
+*
*
0103130 ML ¥4 STWVIMA @ITWILING  »
*
+
SHLYTHY ¢ *
TRRN0S WNOIS LIBZE 0 Quom moT T'oMmH §5ee
SHOLYTROY ¢ *
I3XNBS WIS LIGZE 0 CUOM HOTH * ISy sse
3
SUOLYTIIOY 1N00Md +
NOONIH “X/00ONIS 11628 30 GMOM MOY ¢ 1'0msN s5q°
SOLYYMONY 1oN00Nd ¢ *
MOONIM “X/CONIS LIGZE 30 G0N HOIH * 1 THISY 59°
SYOLYTION MOONIN LISZE 30 QUOM MOY * a2 ] ssq°
SYOLYTSIOY MOONIN LIS2E 40 CUOM HOIM ¢ 1°1HsY ssq°
[z + 13t *
30 S4AUS NI ¥8E91+ OL ¥8691- MO on ¢ *
SINNGO NOILISOd ONINBLTN4 XO0W 1N * 1's0d714 $50°
10903 ST#4Z *LAN00NJ MOONIM * X/(XINIS * 1'NIRNS $5q°
w4 ¢ +
SIAR “TWVL NOY WOYS QW3 TIARS MOONIN © 1°NOONIN $5q°
3ws ¢ +
0 WAUSITN ANITXW MM LdMRE3INT TS $5q°
3AVS LMD OWABICO M3 WOWH 1WRINT ¢ 'S0 ssq°
NOTLYODT HOLUMIS MTVDWH 1dWRGUINT ¢ 1'a811 $5q°
NOTLYI0Y HOLGRDDS ¢ 1'saal sse°
SIS ¢ *
104NI @IZIWNIY W04 FEB WD 8'nI0 ssq°
*

S NI ONIGNG SSMO0Y WY [V 38 LS NOTIVODT ONINOTIOS ML+

*

U0 HLIN ¢ .
GRHS TINS NN GIIWNTY IR0 ¢ 1 TS $50°
NOLLYOOT HOLWDS * 1'2a8L 5
NOTLYI0T HOLURS ¢ 11l ssq°
NOTLYI0 HOLRIDS ¢ 1’881 $5q*
AN ¢ 130 s89°
SNOTLYI0) W) Aba ¢ eeo ‘g $5Q*

*

L0310 0L Y04 STRVINA GIIWILININ  #

*

*

H01J3130 0L ¥03 SNOILINIAIN WIWO 0 3vd ¢

E

]

133130 N IW0 ¢ L s NIW

R TH TIISNNG ¢ t W NN

WG 07 NISHN0 1 ¢ [ PLETNN T &

wzo PO T
4420 W5 CHML
4420 LI T

4820 15T TR
¥azo ELCR A S
4820 ' WL
wzo WS WML
Y30 O ¥04 INNGO OOHSTHL ¢ 4¥e0 WS WL

eMZag! 8%z WS IS

Mz ST} o9 RLC T T

TATT OIS WHININ ¢ W0 WSt NI

(SHOE) LNN0O TWANS WWININ ¢ [c4] s NS
STWOHSTHL H04 HOLWS ONINOS ¢ 408E0 s 1

INANE ¥0d4 HOLe3 ONINOS ¢ 4090 Jse [

*

+*

WARO0Hd BT ¥0d4 SIAVNGI ¥TMMISY ¢

L ]

*

SLISNVL ONINIVAGR 40 M3SN WWININ ©  (NIINI-XUWIND) W LNl
L ]

STUAI 9 SI HIONTY 4000 ¢

ATRGd08d INLLW .

-W3INT ST 33000 41 84007 0 SLISMAL * 4950 W5 NIWIND
Q1WA 20 WIBIN WKININ W WWITW 73] WS W]

*

SLAMRAINT 13000 N3MLI STAT 301 S1L OW SIS MG MOTHW #

M3ISTOR 300W 0L UIwm ¢ " LU

*
Rt ]



YOIRIINEO ORI 0 Md 1'¥35WMd $5q° WNOIS WIOL MY (3ddN) MILSIOR VHINGD * 118110 $5Q°

10221°0 ¢ s BN WIS THI0NS * 1340 ssq°
/ (AW BINED N YT = R ¢ 1903 sse*
» QA0 NELNS (Hddn) SH3Ld ¢ 19w ssq
BOLYINTN ¢ N (43N0 WAL (43dd) ML ¢ 1w $5Q°
¥3113 WIS 11628 20 Guom M7 ¢ 1'0ENIS s5q° (M0 281114 (BN 1AL ¢ 1w $59°
LN *
WIS WIS LIBZE 0 GHOR HOIH * 1" THENIS 59 SBAT) WIS (3403130
HOLYYHON ¢ +
W31 NS00 L18Z€ 40 Guon O ¢ 1080 $59° V3151939 HOLY) 1L LGS0 ¢ 1O ssq°
BOLYTHIY ¢ * VALSIOR HOLYY MIL L3SNO ¢ 10040 s5q°
VAT NIS) LIGZE 40 QuOm HOIH ¢ 1 1HES00 59 S NI L NG L3 1¥L4] ssq°
HOLYYINGO NORS 20 35 ¢ 1'£35MHd §5¢° SN NI WIL 1430 0L ¢ 1" §59°
ozz10 ¢ *
£ (ANENORS YIIND) N ML) = NOSH ¢ 16033 $50* 1353 1SV 20 (G 0L ALY OW 9E659 0O
¥
HOLYTHOW ¢ i 131150 556"
3114 WIS L1626 0 Gu0m MO T'0NIS ssq o'1av1 589
WD ¢ ‘
WAL NIS L1920 0uon HOIH 1'IHNIS $59*
BOLEVHON ¢ '
M1 NISOD LI6ZE 30 QNOM MO 1'07280 $5q° YDLJ3L30 MOL ¥04 STWYIwwA (32T WILINING
HOLONWIN ¢ *
Y314 NISOD LISZE 0 QHOM HOIH * 170 559
HOLRING0 MO 0 TWMd | 1 235wd $5Q"
oo * NI1135 STYIdA CIZIWILING ¢
/ LANNOS ¥IINID N ¥3LTLH) = NORUS ¢ 1'20344 §5q° 0 39d L 0 HIONTT L ST THAI-TONII ¢
+
WYY ¢ s 00 ¢
W4 WIS LIGZE 0 Guom M0 * 1*07INIS ssq* HIATM (NUGSSHS QW (H3dd) 103 T3S ¥3iT1d ¢ 1'8d54 $59°
VLW ¢ *
W3LTI4 IS L1626 20 QUM HOIM ¢ 1*IHINIS $5Q* (1+4 % 9) ST HLND ¢
HOLYWHINY ¢ . WAL *2UA9 YN0 NI 4 ONG 43N NI
WU NSO LI6ZE 0 Qiow o7 # 1071500 $5q° ANINORIA YN 0193130 0 I Y30 ¢ 1'735M4 50°
BTN ' (0 COHSIML ¢
Y3113 NIS00 L182E 40 GWOM HOTH ¢ 1'IH1S00 $5q* M) (H3dd) HOLWS AYIID 340TMG * 14403083 59"
HOLWIINEI NS 20 WM * 1°135W4d $50° 1A Y01 ¢
L0210 ¢ * NI CIOHSTML ¥0L03130 34013MG ¥IMOT TN ssq°
/7 (ADNINOS YIINDO N ¥ILTL) = NORUd ¢ 1183 ssq° EIPLR: i
* NI COHSTML 01031 340133 3ddn 1LY s5¢°
ONIMALTIS ONTANG ¢
* 31Y0dN INBAZYd OL G305 W 0 3w ¢ 1'30L87 ssq°
INIOJ STHL MI1 STRYIMA AW L3730 50 LMINI LN 00 ¢ €z anil
1 300d OLM JNIINGD ‘IVILNOY ¥3LTIJ NI O3S0 STMWINM ¢ Y31S193Y 0 W (¥3ddN) ¥ILSTIRS SUYLS * 130018 ssq°
*
L]
NOTLONNS X/(XINIS 404 35wMd ¢ 1'HINIS $59° FOUREINT HLIM NOLIYIINMOD ¥0d SH3LSTORY
*
*0437 SV O¥3 SL1A (3N "SNOTLINIA +
W14 ¥4 SILW0IT HTIMISSY TS ¢ N
"qaLsey ¢ * 3400C WA XS 118 ¢ U400 S5O
HOIH SV TW "HALSI19 V14 TWIITH * ' 8q°

(HM07) T ¢ + *NOTLIYIO KO3 NI 08GPZE AG JONRS *



) WS MOLYTINOOY

SSUAIN Y3040 HLS OMVG-HOTH STIBMS AYTID M3 + MMM LAWREINT 0 (0N HOTH ¢ 1 1HOw s5q*
+ 3AYS HIISTO3Y SNLYLS MIMMH LARRIINT © 1 WWsHs s5q°
JCR TR ' $5q°
st 1'ed s5q° HOLMNOW ¢
™o ¢ 1'24 §59° WU WIS LI8ZE 0 G0N M1 ¢ T'OMWNIS §5q°
H L69 * (] S5 HOLYNMNIW ¢
. YAL114 NIS 116TE 4D QuOM HOIH ¢ 1 THINIS s5q°
[7Y] $59° LN ¢
r'ent s8q° 1714 NIS0D LIGZE 0 GuOm MO0 ¢ 1'09500 s5q°
'z $5¢° BOLYWWIY ¢
IR s5q° W14 IS LIKE 20 Quom HOIH ¢ 1'IH9500 55Q"
¥ HOLWYINZO NO3US 40 35WMd ¢ 1'935%d s5¢°
SINALN0 W3LM4-0NS M3QH0 ONZ ONVE-M0D + Loz ¢
. * 7 UONINOFS Y3INZD N H3TIH) = NOMS ¢ 190344 ssq°
N $5q°
* YLy ¢
INAING ¥31114 MIGY0 HLB ONVG-MOT  + W14 NIS LI82€ 40 (40M MO ¢ 1'0eNIS 59
* YOLUWNIY
‘o8 55q° LA NIS LI6ZE 30 Cuon HOIH * 1'IHGNIS §5¢*
e s59° BOLNWIY ©
' s5q° W11 NISOD LIRE 0 GuON MOT ¢ 1076500 55q°
1 §5¢° HOLUWWIY ¢
» W31 NIS00 LIAZE 40 QuOM HOTH ¢ 1°1HGS00 559°
SSUAONGG YITW0 HI8 OMN-MOT & HOLVYINEO NGRS 0 ISWHd ¢ 1°635%Hd 55
* 022170 ¢
1o ssq° / TADNGNORS MAINTO N ¥3LTTH) = N4 ¢ 5o ssq°
8" ssq°
2N s5q* WL ¢
QM3 s5q° WIS NIS LIS 40 Guom #o7 ¢ T'OMWNIS s5q°
* Niwnoy ¢
STIAWS AYTI0 M3LT1S ¥31T04 NI 0350 STWYINVA THNTINGD ¢
*
TS 3000 SN * X 55q°
NOLIWWIO30 3HL 04 3UOHAWES WL ¢ 1'was ssq°
300030 NOL/LSIM/IN W0J N ¢ 1'9018 s5q° 40800 NOILYI0 AYONZM YIMQ “*3°1
HIINCO TS 118001 §59° T 3004 QW 0 30ud NTIMLIE AWANOE HL INISIIJTY 1STW NOTLWD0T SIML
913 HOTI0H-LSTM-k) ¢ T'dv $5°
INALN0 Y31 3-HOLON/SSUOIR ¢ 1'6A s5q°
SN TS ¢ 1'% $5q°
BT 3-HILON/SSUHOTH ¢ [T 55" (CINLNGDY HOLOZAN NOL 403 STWWIMWA G11MILINING
TIANS YIY0 WNIT LSION ¢ T §59°
N M-FHL-NI-RN-F ¢ 135Md ssq°
W14 NOLLWION ¢ 1'M1930 ssq
T'ALIN ssq* *HOLIAL30 0L MO SNOLLINIAID WIME | 39wd
*
+
(T 300d) WRRIO0Yd 10 ) 30 STWYIWA EIIWILINING & oL ¢
: W13 NIS 11625 40 G0N HOIH ¢ 1'IHNIS 59"
HOLYVWTY ¢
+ 31713 WIS00 L162E 0 (uOM MOT ¢ 1'0Ws00 §5q°

E . + IV ¢
HOLYTHION STIBRH LAVREINT 3 G4ON N0 ¢ 1'0May 59" Y3114 NS00 L16ZE 0 GUOM HOIH ¢ 11500 $59°



NOLLONMS X/(XINIS 30 WIXWH WRINGD * 16262 peomt 1GNNS 352 sse°

*NOTLYO0T WISXIID MY ¢ R Paem  SYTM) rant 5q°
N ' (L
$
L 2 ‘.ﬁ _EB
WY OINT @31J00 LON 3 HOTHIt SLWISNGO 40 T8WL 3L ST STHL ¢ s Hip we-401 SUBIILLA0 BT "
R ] —.Nﬁ $5Q°
' s54°
R M 1'8 s5q°
WLIN LAWAINT ¢ WHINI [ 0 -7 $54°
WL 1353 000 ¢ 13530 d 11 59"
* 0°0MnI §59°
I N
* SINIIINA300 HBLT4-HOLON/SSUHOIH ¢
. *
¥OL73130 0L H03 SINVISNOD OW SHOLD} ¢ .
* (1 309d) MAO0Hd W10 ) 0 STWUIN GIIWILINL &
. *
0"00N31 ssq " N
#* n .
s . . ONILL3S 73000 ¥0J ¥3ISI93Y &AL ¢ 'L 5q°
SSTUIMY ON3 WoH0Nd 0I0H 0L MILSION * 1 559 N0 1531 511916 0V ¢ e ssq*
* INADD 1531 511910 0009 ¢ 19183l sse*
. OIS 40 D4 MILNIOD TIANS * 14100 559"
MANNOO HOLWS * 1 §59°
MNILNH WSO 803 WIWA GIIWILING WwIN0) 6”&8 ¢ ﬂ.wmﬁ §59°
* WA 15N TIOHSRML G401 ey sy
ITNA LSOI0OY IOHSRHL OMB-HOTH * 17 $59*
TN ssqr * ¥AISTOP (Ud-HILYHOS * 104431 §5q°
SBATY WO . . H €891 ¢ 1'g4 $59°
1S MOT 404 HINIW JATLUOALY * T'HHININ §50° ML Vo4 ssq°
WIISION 1N4ING 11916 ¢ 1’11910 s5q° ™ %E 1'94 55q°
¥SM M07 380418 'hwa $5q° ™ 602t ¢ 1'¢d 559"
OV N0 COHSTMHL O0N0 ONZ * ToTHL s50° *
W HOTH TOHSRHL HIRO ONC 1 IRHL $sq° U $5q°
ATNA CUHSTHL H30H0 HIS * 1 BHSHHL s5q° 1'eM $5q°
* .
. . I s5¢°
_.n:. = 11 §54°
13 559° .
[3>] 59"
% ssq- SINALN0 ¥3114-8NS YIQUO ONC ONVE-HOIH _..
3] 55q° ‘ .
1'9H $sq" 1°M 55 \
ram §59°
e ssqr 1010 HALT1S YITU0 HIB ONYE-HOTH “
* . .
SSUJIN ¥IM0 HIS ONVE-HOTH SINBIOTSS300 WIS ¢ "m....ﬁ H“
+ . .
e ssq° 12N ”2.
Tl ssq* 1IN s
o
¢ ss5¢°
“% 3“. 1NN 559°
T INH ssq*



3148 ST ANGNO WUNDD WHILS ¢
AT §7 ANGNERS WIUNTD ALY ¢
LM §7 ANGNOMS HUND @IS ¢
MG ST ANGNORS YAIND IELTLS ¢
ALAG W AN

TOHSRAHL I0MMD *

HILA1T3S HLAIN OwaSSYd
31413345 HIONTT @311 ¢
QOHS3HL 13007 ¢

COHSTHL M3ddn ¢

01N A 30BMG ¢

0 ¢

T0YINGD ¢

{¥0RU+d)
(EOR+4)
(Z0RI+4)
(103
(71450440}
(12303
(MdSd)
(1454}
(ML)
(¥H14dN)
(1230340
(I0MLS++T)
(LU}

paoas
paome
paon®
pdoa-
paons
plom-
paon*
pJom®
paoa*
plon*
pJon-
piom:
paom*

$5U0T3R20| (031607 ssuotyeaey eaishyg

SYLSI0W U1 »

4 98T @yLIND

*

*

LIZESHL ¢

L NI SNOLLYO0T (MOM “KOISAHD HL ONY J0VRIIINT SHL NI SSROY  #

3048 3T GW OV WOIO0T 91 FHE NIML SONTdSW 40 WML ML §I S+
+

[} WS ININDD

*
ndsd ¢ Y0040  pioar
oM ¢ 20 oot
13403 ¢ 90080  pon
W ¢ 430 puow:
WL 40 puom:
wWisy ¢ RO paon-
004LS # 900440 plomt

*

+

TWAGINT HLIN NOLLYOINWMIOD W04 SHIISIORY o

*

44008

(0%GPOT-~==¥SZ 01 SLTWA) ¥ EWS ¢
Y182 ¢ (8980001 LI

1442 3 0004°0 TR0 ¢

1noo *

paom*
paons
pdom®
paon*

paonr

NIO ¢ IO plome
feENd ¢ 93400  puomr
weus ! 40630  om*
021D ¢ 446040  poom’
£ 2
s WS USNO
1 3
#
ey I
13539 AG W8 Y100 OL ONIAJOD ¥03 SINYLSNIO MOLJ3L30 NOL 0 3ovd 40 ¥+
*
*
s W' NN
+
[ =R AT L
HININ #04 WA WILINT * 0 piom
HHINIW 403 3VWA WILINE ¢ HINIK  puoa”
(QIWANI "2IND) LISID 1nd2no ¢ Y010 plowr
J0OULS (10A YLUD B03 XS ¢ V4340 paowt
M0 3080 (NZ 404 (IOHSL Y4440 puomr
HOTH Y30U0 O ¥0d TOHSML V140 paow*
INALN0 ¥30U0 HIB ¥D4 TWHSRML 434400 pdome
0z/0691 U080 paomt
uegaso  puomr
0z/avt U8 pomt
SSYJONVE HOTH ¥0J SIN31I130D * IR0 Pt
o/zet ¢ Y080  Ploat
WEZ0  puoa’
stezn ¢ W3IS0  puoar
WIKG0  puowt
sSLie-  puome
$86Z+ puon*
Su1e- paone
TN+ plomr
SSUJINYG M0 HD4 SIN3IL4200 ¢ Si1e- poomt
[ T Y
WZEKY  paom’
9:14 SOLIAINGD ¢ WeEE0  PJoa*
s 1902+ paoa:
wz- ¢ 89682~  pyom*
£H8Is ¢ 19002+ pioar
€l ¢ LIE1- paons
1060¢- ¢ 1082  puow
+*
[} st 0LSND0

UTUMRH LIS AG WA YLD 0L ONIAJDD HOJ SLNWWISNOD 410 T 30W¢ 30 V1 +




BTN puow”
SIS puomr
108 P
©®oZ Mo
e pien
08942 pJon”
WL P
(7102 X
ez pumr
[ A
0pEZ  puom:
0816 puom*
Iz puow
T puom”
(862 piom
69006 piom
VUE  paowr
ue  puon
9906 paom
Wooe  puom:
S101E puon:
9L pIow”
[ CR
%Y1 PioA”
691 puont
wWiE  paome
1061E  puom*
L10ZE  paome
Qe paow
0€zzE  paom:
£2eze puom’
LNZE puom’
BN P
SZE  puomr
10976 paomt
SRE  puow
9%6E  puom:
e paonr

61 = MOININ-TWH 0 HINTT I Puomr
[x72: 3 XY

*INBI314300 WUINO ¢ (975 Paom GYININ

N R ]

TI0IN L NI ONIIWDIS ‘O3W0LS
ST MOONEN L 30 F%H ATNO *SINFIOTA£300 HOONIM 40 IIAVL JL ST SIHL

+
*
E ]
*

=N 8 0 biom
9= XNl ¢ 8591 ploa*
S =M1 ¢ 618 pome
et 960y Plom®

exxMl ! [ A

*

zaxwrd $201 paom®
(S < 0 pon:
0= X ¢ ] pion*

*

[ PR Th ]

+

+

"Iy W MG 135 3 0L 11 0

SNLYIS INFIUAINGT JH1 OINT SLIE 300W XOUI € INILYANGO 303 WL 41007 ¢

*

L ]
FNR ORIPZZ- 9taTNS ¢ (1S XL
JOMM 0WEPZ+ 2%:0 0] 1 ploar
3N 0WPOT- [ v po
(LYWBD r=TN%8 ¢ [

+

s W VS

ML THIS ¥ OINT SLIE 300M 35 T ONLLNIANGD 304 389 dDO0T  #

BATT WIS WioL ¢
TATT TOIS RIS ¢
TIAT) WNOIS Q3NN ¢
TIATT WNOIS WAL ¢

AT WNOIS £¥3ITId

T WNOIS DALY ¢
TATY WNOIS Nl ¢
(ST) JLL N ¢
(SH) 1L NG04
(ST INLWIN oL *
(o) FNLwdAN 0L
(ST WAL MOL
(SH) AT BOL ¢
1100 Q¢

308 H

SIS ¢

1suoTyeIe| |ethoy)

BLUN
(95
(9SH)
EWn
(B
21D
1AM
(0N}
(1N
(114D
(111N
(ML)
(MILSO+HM
{11910}
(300147
(300MLS+5+7)

15U01390| |®I15AYd

pion”
pdom*
paon*
paon*
pion*
paon*
paon*
paoa*
paoa*
puom*
paon*
puon*
paon”
paon®
paom*
paom®

SUISION QR ¢+

103BS HigIR w3114 ¢
MG §T AR WINDD PRI
IAE $) ANGNOR WD) SIS ¢

(RS
(SOS+4)
(SORs+ 4}

paon*
pion*
paon*



S AMAT 1L INBSWYD INBMONT ¢

TS OINI N0 WOHS TIANS LXN VR ¢ s Rich NIt
[
'
“NO Q3HOLING ST LT 41 B0 TWO OW TIwS L *
TWIS "MIL INTRNO 110041 OW “IIND LNANT WON3 IMNS MW NOLLON
*
ua *
NS *
WIL INSRINT *
D (VR GLKOMO ND NI
*
NI SNLINGY  #
*
SINIOI300 MOONIM 40 TWYL 0 ON3 ¢ $ jos¢ z;azw
+

€01 paom:

£2¢€1 plom®

3 3 ploms

usy plom®

4931 pJon®

1581 piom*

9661 Plon:

iz puoa*

1062 paomr

199 pioms

$1474 pyoa*

96LT piom*

u paon:

261 piom:

8eee paon-

[543 piom-

UE piom®

229 piom-

iy piom®

S¥EY ploa:

a9 pom®

®ne piom®

2108 pion*

s pioms

18¥S pion®

€248 plon®

1268 plonc

€29 piom:

0699  puoa’

e piom

800,  paom*

(Y243 pyon*

yoss paon:

pson*

6118

1048

¥0%6

£les
§zz01
19501
19801
i
O1S1T
6e811
434t
905zt

#1E1
e
148€1
81241
9Kt
91641
89281
1298t
SL661
0€E91
98991
011
00¥L1
asut
Stist
£4981
0€881
18161
£¥561
84841
5202

W0E1Z
L5404
612

2124
ZZ0er

169€2
(494

89992
18642
10652
n
{166

paon:
paon’
paon*
pJon*
paom®
paon:
paon®
paon”
paon*
puon*
pion*
paon*
paon*
pIon*
plon*
peon:
pion*
pions
paon:
paon-
paon+
pon*
pJoa-
pJon+
pion*
pdon-
puoa*
paon:
pJon:
paon+
pJoa*
piom*
puoa-
paon*
pyoa*
paon*
pion:
poon:
paoa*
puon*
pion*
paon*
paon®
pion*
puon
paen:
puoa*
puon®
paon®
paon-
paon:
pdon*
paonr
pion’



*¥0173130 340BAE L HLIM SINTINGO LT 3SIN
L0 ‘NOTLYINON) AT 01 SIHINAE MO W0 ONY (T3LTI00 NI S
ONIMAINTS 40 00 ¥ NIHL ‘891 1SUd GINBGUINT S NOLLISOd M3LN1J 4L

“¥BE9T MHL M31Y340 NOTLISOd * WATY 94
W14 ‘ONIBLTES 30 03 04 W30 ¢ ¥ s
504714 M

“INILNGY U HL TR ¢ d ™
+
oLt .
TG HL MW KRG 430 ST Bud JL ¢ M4 ]
ot [ ]
o1MI0 MO k.l
k]
+
(@30 SIS 0 WION #
ML S1930 ML "XO0M ONRMALTMS ¥ S0 TIN0IH FHL NI JNAD LONWO 10+
20 SLYIS 490/N0 THL IUMI SIUTSHI SIHL *LUWHOMOTS L NoMJ ONIMBLN M+
AW HOTH “EITWO ST NIIN0Y ONTMILTI4-13534 L WIL AU3A3 W3ISI93Y oM+
L NOMd (31400 ST 118 STHL L35 SI ¥3ISION SV L NI 116 AVIHAOKN ¢
JHL N3 N0 QFOLING ST MLT “NO G3HOLING SI L0 UIHLIM XID  +
*
*
7618~ W0 1618 S1 AW XM ‘¥ AG JIAIQ ¢ TS HNS
(AR XS
*
3L ™s
(TINSINGIS # [9L2E ¢ a0l Hox
1724 E s
8942 dN QWO ¢ SN0 ol
*
TIANS 40 NOIS 3uNd 12%LN3 ¢ 7L HNS
7881 w oW
*
0118 ba |
89426 N1LWLANS AG LINIT } 3% ] ans
2618 # 1) L 20 NOLRIN0 W04 030 ¢ say
*
1801 ™s
NOIS 3AVS } 8L HMS
MNd
(O RN »
BOLW TWIS A8 IS AWILTW ¢ ey A
n

EL ]

TIMS NI TS # §2°7 1
£1
YOLTVHNON HOTH DINT T1WS (W01

. §iE
283

Jose EL

- £ ]
0ugp £+ ML HI0MN SYNOIS AW dIT0 TIIM 33000 ML ¢
WAAIOH SHOL¥A TS MU0 L ONTLITTES AQ Am ¥HL1I 89 21 A LIS »
05W ST TIAT1 SIHL "08GP 12+ 40 THAT) WAOIS ¥ 0L SDNOSTRNO ‘WIRI ¢
WS L1TWE0 HL 304 ‘HOTHM ‘1418 b 1y SUNO00 BATT WADIS TAREINT M+
40 ONLLIHTT THORLADS “AWM M3HITT EPZ1 A8 3T SIHL LJIMS SWOLWS IWIS ¢
THISS0J KEHIO L 08P O1- 0 THAT] WNOIS INANI WY 0L SINOJSRMD) &
0607 ‘3103 S ¥ 40 MLOWS 1TW30 HL N3t 0607 30 M 4
WREINT W SWH “MUSIOR NAIN0 NNDIS WI0L HL NI ONIGURS (¥S2) &
TMIS T4 U SISO HOTHA HOLIAS WOIOSINIS 3d-0L-R3d THL “SNOLLIGNOD  +
WNOIS AW HIIN) WOTSI3A0 TIIN HO1O2130 N0L ML NI SHOLVTMIY L+
40 NN LWL 05 135 ST 30N ONDRIOR L "30MQ) ONDRION OIKT T1dWS TN #
*
+*
U WS
» o
96659 0WAON * s
‘0 A8 MIL NI INBGUONT ¢ ETH SHI YL
*
Q26T StH S0 N0 ‘48Z00 0L ¢ Ep s ™
130 MIINICA LNALNG NID ML ML AEA3 ¢ 1008 ans
NN pal
*
48Z00 1Y SIWWLS NI L 1008 ws
AN UEZ00 HONOMHL 13200 SINNOD ¥AINTOM 31 w
'™ il
*
a3l ™ws
8 0NGOH YIINIOS 1IN0 LN * E ans
1000 »n
]
IS NI 301S ¢ TS TS MSSOd
1'TIANG ans
LV INFIS03-50L O * TUNS ws
JALLYOIN ONLINGN-TINOIS WOMH LUBANO ¢ S1'30 o
*
5S04 7300
*
300 WoH TIS OV} 0's .l
*
AWAINIO LNAND NI HLIN O T¥O1 ¢ 1000 o W LI
*
“YINIOS LAIND IO L * oavR 1
SHNB3 HEINIOd LNNT 1IN0 L NI ALdD * 1000 ans
SI VD L “INTD N0 ONIHLINS HOJ LI * NID R

AN



KNS INESRId INOL L3S SLHOMOTS NI IONRMISH  +

135M0L sNIINON 4

*
MHONDL [}
*
WLINY W10 ¢
L 0L HOMAE NHL ‘NO ST ¥0173130 0L ¢
ML AT QW JMHINOL 0L HON STRUHLD *
TOHSRAL ¢ 14300 198
JHL ML 0T TING AT Ld30L 0L MM ¢ By ans
t
LN & AT AN AURA ST HOIHA ¢ Wi aev
(HHLNN #3722 8) N
HLIN W00 04 1ot 30 ¢ 2" LN k.l
*
s 5T INSNdL
*
*
135 S Y14 INZSTUA NOL &
*
»
LIS 0L NN ¢ NItH [
SUILIAN (I0NM)
ANY LUIOSHOONT 0L ONTNILILS (3534 ¢ T4disy ™)
L] 19 SISON
‘TIHSIHL 4300 135M01 ™
1 SI TBANT 41 GISON 01 HONOMAL d0ug * e s

M0 B4t ML SY NIWL ST ¢
STIOHSIHL OML 3L 40 MIHOIH L 35wade ¢ *

(LT + 372 # 8) HLIN TWMOD OSTY 3 ¢ T N w1
TN ¢ 91SON 138
340 ML ST TING 41 OIS0N OL HIWE ¢ BNG ans
+
BHLHAT & JALS AT A4BA ST HOTHM ¢ HHLEA o
(HLNdN # /2 8 8) ¢ *
HAT N 0L 1IN W ¢ LAUTEY] N OLN
*
135 ST 1 41 13536d IN0L 0L HONANG ¢ INSH4L b4}
WUSION W I HUIN OW ¢ SV [
NOLLISOd R4 LNBSTUd JNOL NI T ¥ QNOT ¢ 0141 BW 1

" INGSTHd WNOIS ML 90 YIS L OL ONIGHOIOY ‘TIOHSRHL M0

HO ¥3dd L ISNTUOY TATT 390TNT L SO0 3000 40 3031d LN MWL »
3
*
1 3ve HovS
v'w v
$1' A o
WdS
TG Adt
S8
X
TihS A
481 n
£
*
AILISOd X “OIMZ # N SI 403 M
*
TING)SBY # 3) + (TBANI ¢ (X - 1)) = TAG +
*
SY WS ML SI WOl +
*
Slay ]
£
(NG » JIZE) - (TTAMS + AIIEISH + (TBND « STeZ) = BAG :
*
W04 L J0 ¥ILTNS ONTHIOONS ¢ SINBEIND NOIIWB0 SIKL  #
£ ]
ML N B #2 ¢ ML R
s'aaL k.2l
el v
10403 WOHd 03 1oMuLF ¢ 490058 o
31 k.l
S0L HUS
82040 kgl
*
] ELL AT 7]
*

‘ONIMRISMIL H04 O3S ST ¥OLO3:3 30BNG

HL 0IGAG ST NOTLI3L30 0L UMIFN 0 SSTIOAOY ‘SN

SAUW ¥OLOAU 3d0BANG *STIOHSIIHL M0 ONY A3ddN (ARMOON]
U3 ML QL NILYTRY 340TINI WNOES NI SIONVHD 193130 INOLLONNY

H0133130 ¥3M0d :LINHOMOTS NI INIIN

130M3 1IN

LI R R P




L-cTRIEREE 0T I

N4 I 3w ¢

SNLYIS 1N0 Jilwm }
LAVRI3IN 1Wd30 N3SSY

LAMUAINT TN 0L Y 43S ¢

3H 00 XT3 ¢

‘LRI ¢

1430 ¥ 136 NAKL ‘NO SI 40193130 0L 41 }

ML INTRD = WL NN 0L

W QIWA ML 1IN0 W3 ¢

W4 X NN ¢

SIS 100 T }

LAMAIZINT 3NOL LHOHS 143SSY ¢

MO 09 ‘440 ST ¥0103130 MOL A1 ¢
*LAMREINT NOL 1805 ¢

Y 135 ‘NO ST ¥0193130 MOL ML 41 BT ¢
TASD 0L HINGWE ‘135 SI OvTd 3L 41 ¢

NOILISOd *
3 Q1WA WL 1IN0 L NT T 9 avon

W0B LXN ML 04 AR ¢

WU dn 135 W SUOLYTHAOY TN Nw0a ¢
WITD 0L NILN0Y ONT¥3LTIS 1353 T *
004 INGSTUd 0L ML CRWTD S SIHL ¢

NOTLISOJ 914 IN3Sd NOL ML NI T 4 Ind

Ny

00ULS
0KLS
00418
18N140° N0

NI
00815
1GN01 ‘N0

A
E 1Y)

S
S

NIt
adnx
MLy

00MLS
AOKLS
00uLS

JLUIGE: ]

NI
00WLS

183801 N0

NASO
S

014N "0

418y

]
9141 M0

2533 2 2 .

~
&

25358 3 3 . 5§ 2§ 2%

%
LW NOL TIANH INOTLONY ¢
+
14RAINT 0L LUOHS 135 )
LANRAINT 130 135 L]
WL 1WA WS .
14 1IN0 WD )
N Q1WA L 1350 135 +
ONIM3LS 135 ]
o4 INISTEd 0L WID LMHOMOTS NI 3NRBIR ¢
*
14301 NINGY ¢+
*
]
NIUOY N0 GHOLING ¢ .
ST LT NG ¥04 AQYRM SH3LTIS UL LISH * £INOD g 440N0L
.
+
NIGM 0L STHONVSA L1 SIM3HIO 'STIATY 0L SHHONMH MOTJ WRO0Sd ¢
@100 NI StH ONIHILTIA 30 007 ¥ NILAGY i 30 0N ML 1Y 3T ¢
*
+
Loy *
W31T13 01 HKOWME ‘NO ST ¥0133130 0L 41 ¢ LcIQE] %8
00WLS o
143010 ol
*
$ 5T OMONOL

-
CNILNGY NI+
-y31T14 FHL OL HONGNE NGHL ‘ST L1 41 "ONINNIOIE L OL NSU3Y (LT E R
L 13539 NBHML ‘10N ST LI 41 "NO O3HOLING ST ¥0LJ213Q 3WOL 3L LML M+

*

VALSI10 HOLYT 1L L350 ¢
NI INOIS 0313130 40 MWL L35N0 3ws * @0HS0

MW

014 LNISTMd V0L ML 135 SM SIHL SO
S

NOTLISOd OW LN NOL NI TV a0 ¢ LaET R ]

s

*
13SN0 NOL 30 JONGHNDO0 TIOMMH INOTLONNY ¢
]

[

1L L3N0 0O



135430 30VL MOONIM N] GQv *

“TIL MOONIM HIONTT ¢
~IWH 3L OINT 135440 ML ST LIS ) ¢
&1 A4 (NOILISOG¥ALIIA) S@Y 3IAIQ

NI

&l

6504714

[
bl
HWS

sav
*n

TEVL WO WOUS TS HOONIN V3 O NOTLISD MOONIM LUWOW0 NN ¢

1ML NI NS X/(XINIS ¢

1MS3Y 0 NOIS LYIANT STMYIHLO ¢

3AILISOd ST NOIS @3¥INOZY J1 W00 *
W03 ¥1#4Z NI LS WIS ¢
821 ONIQY A2 GNNQY ¢

W04 8HZ NI LS 118 8 ¢

4007 3QIAI0 300 8 ¢

kA

NI IS WILINI "NOISIAIQ Y04 AQW3M ¢
WLMow ¢

NI OT#4Z + W0 E1442 NI (X)IN]S *

904 S-+42 NI TLIS 0w WosIAIg ¢
BB NI (X 3%Hd) YOSIAIT 3AILISOd NIVIGO *

EEEEEEE B

07181

HAONIS

1399

Bo¥pde8a8ebelals g9s88 <

2%% 3 8

Y03/

Cl HwS
EcM3L NI INILLOND X/(XINIS 0 NOIS * Nd
NIV180 OL M3040 NI AWILWH AW ¢ HENIS A
(XINIS HLIM 1 w01 ¢ 1AL 1"
®
W04 1892 NI 131 NI (XINIS ¢ 1481 HWS
Wd
L Add
E ]
T aaL HWS
WS
&3l Ad
ST k|
il 0
*
3L ws
v1':N0 ans
-
[ el *n
3L s
HIONIS 40 IS UIN30 ¢ ¥'N o
*
+
"NOLIVINISISARY 2 O WWuON 34 01 O3WNWL
SI SIHL "SWHJONIS 0 NOLLUINISIUABY O0+7 TIRS SNIUINGD MON MOLYTWIY
*
+
"3Y0 WII3dS ¢ 035tHd i
Y SI OM3Z = X 35WHd JHL I X/ OONIS ¢ SHENIS
1431 GINT NOLLINS ¢ T3l et
X/(ONIS 40 1WA WHINDD dn (w07 ¢ IN3)KS bl
N *
]
(01 = 1+S-p1) "¥1 &0 QVAISNI STV 01 Ad
137 BLIINS ST WUVEBIN L STHL “WH03 S-+7 NI ATMOLOY ST WOLUNINONDD
L OW ‘LS £T2 4 SINA08A NOTLIZS NIS 4L ABATOH ‘W04 [1C0 2N
NI HOLME3AN SISSY NOISIAID ML "¥1+42 + 2/2 3TN WNIIOM ‘W03 i &
NI SI TIbKS ONILVISH) L W ‘MOTABA0 THISSOd QI0MY O W03 G+a2 N
(3H0LS SI X 35tHd HL “X/(XINIS 30 TIANS ¥ SAVNOKD NOLLOIS JSUTd L +
#*

s WS @

*

TINS LMD HL NIV ONW ONTHILTTS 804 NLLNGY SNOLLONAS

YL 1 LRMONOH N 3N

- ..



TIHL LSHIS L HO4 HIINNGO 00T N 13S ¢

€481 40 S118 XIS d0L *
JL NI MON 39 SLIG LOTTISB1TNS XIS ML}

304G 1ITTISHILTS NI dow ¢
TS LTI HOSUN SNIVINGD MON MOONIH

TS ML AR LN ¢

TIWS 43114 J0IH SNIYINGD HON NIKONS
© Tiaws WBLT4 201N RGN
W03 A8 TIHYS QEZIVNIT 0TWIS AMILN *

¥WE NOLIYIENIY FW0LS ¢

YLYVMNIN MOONIA dn avo) ¢

“ioYE NOLLYNOY 3w1S ¢

YOLYVUNIY NIMONS dn 0v0 *

A
10344 1

2'edBL

AdSd

8" 430054

1'MOONIN

MOONIN

T'NIMONS

NINONS
&L

-l
T'TINS

T
WY
MOONIN

[,
THNNOY

THAS
) S
NIMONS

OMSN
HSY

g § g2 § s@ 33§ %%

W2

NOTLONNA X/ CONIS ¥ AT NOTLYOIWILW FHL ONY ONIMOONIN 3L S0 133383
L ¥04 UYSNIAMOI 0L SINALN0 Y3114 FHL JLIWAMON OL (350 3 ¥ TR
351 SHOLYINANDIY 3AT103dSTY MIFHL OINT NIMONS ONY MOONIN 3LYIMNIN

+
*

1onaoud w018 ¢

LONA0YA X/(XINIS + NOGNIM 3w

TIAMS MOONIM VR *

T'NIMNS

Tl
HOaNIM

POONIN

HWS
Nd
Al

1n

yuL

9EGCT ONAOK TN DM ¢ * k2l

]
4 35 SOONIS
*

*SIMSR OIS ML GTIA OL SINWA OML I

40 HOVI NG MHLINDON INIS ¥ SIMORBd NHL L1 "Z/3 A2 (EL4IHS N0 ‘vies
# 10 30MY 3 NI STIN INTRAINGI Z OINT WIHL SIHIANDD BW 2 b ONI
~INISARS ‘¥I3T = 7 D JONR L NI ST SLI30V MHLINOIY FL “€ieZ
+ 05060 A QWIS INISOD- ¥ O IS ¥ ST 1S3 ML °7/D (NISRIBY
¥1'IN0 90 STONWAINGI0 L "¥TeaZ # /89800Y"T OL ToN03 INYISNOD ¥ ST 1

*
*

. “N11301
HOLVEIS ¥ S AL S3SN TAEL NOTLYIO) NI GIWIS (TMALIINIS ONY Zl
NOLLYI0T NE @IWOS (TSELISK- ST LS *2 b SINISTUAZY SlesZ b I
NOLLYIN3SRUARS NI TAGEL NI INBHSHY SN0 “NILAGY INISOD W IS

ANGNORS HINIS 20 I9WHd N 3T ¢ *
"I INBRNO 0OV ¢
133M! ¢

I5tHd TRIINOR ML ST HOTHA NBWS 0 OWOT ¢ -

g 8§

LeTE]
SIHL 30 AJNIMORL KIS 110345 HHL (¥ TMYS NISOD OW WIS LN

*TIANS X/(XINIS ¢ A8 3T TATLWMN 3TYS MOONIM 3L ST IN3III44300

WAL IN L SYUIM TIWUS MOONIM JHL ISOM ST LNB1J144300 WAL
MOMAUN 3HL “MOWAN ¥0 3CIN ‘INIII135300 Y3114 UYIN04dA HL OW TS
10dNT HL 40 1IN0 L AG Q3T TIIEM ST HVT O “T3LWUINZ0 SI TS
IS ¥ (W IS ¥ “SYILTIS FHL 0 HVI ¥04 "d00T ONINZLIIS ML SI SIHL

1 ELal

4007 ONIBLTHS ¢ $ 1t 4001

XIS TV 00 3573 ¢ S'ow E )

‘SHALTE TRML O0 A0 ‘NO ST Mid d1 ¢ 40014 ™
Sv4 ™
9IMI0 N0 k.l



NOILISOd W3LM4 INBGEONT &

YoM HOLYTWNIN LS ¢

LYY ¢
HOLYTMNI NI C0/T1aNs) ¢

HOLUWWNOY HOTH NI /TS

0|SN
Hsw
00N
THISY

23-52585¢9

1 NS

*

‘GLYMON 30 NI WA FHL NI AGYNI WIS
dshw:&%«hs:.omAaw\gvmﬁgzo:umw:!!F‘
.

YL LX3N 804 NOSUS 1Y ONIINIOS MON O *
"YOLYVNNONY XME R0LS ¢

300y OIS

@300 [HNIS *

UYMW MON 100008 MNISEBNS 0T ¢
SIZ / MISETIANS ¢

"Y0LYINON XV J0LS ¢
@0 WS ¢
0300V [HNSQO ¢

AT ¢
MON *1ON00Bd INISOHTINS QW01 *

SIHZ / NISOHTIINS *

I ST ¥4 SINL ¢

0074 g
+
00" +4 s
+* HWS
-+ SO0Y
Ll HIY
+
AT el jual
T'aaL HVS
[ ] an
Md
1431 Adl
+H TWS
+H HWS
- soQv
+H HIY
*
]
AR : 1} wn
*
T'aat HWS
(A8 ] o
Xd
3L Add

+

$ s 33
*

*
NOILI3S NOILDITBS 0 G ¢
+

TMVS MORAN FHL SNIVINOD MOONIM *
MONAN ST 431714 SIHL *

*30IM SI 434114 SIHL ¢
NHL 135 StM 118 10ISYILTMS ML AT ¢

LeTRIFIY
SIHL ¥04 118 10FT3Y3L14 ML 440 XId *

MG J0IN L SNIVINGD NIMNS *

MOONIN

4018
£l

'l

NINONS

EUSION L L OINT TTAWS ACHAN ¥0 J0IM ¥IHLII S130 NOLLIZS SIHL  »

NINGY NISOO MIS B DT+

E.ubt SBBZE BB B
$28-9588s23u859895- 258552}

ip BB

FT

181



‘SIMZ AG NOLLYYWOY  #
NOUAN MOONIN HL S NOTLUVWININY QI (X/CONISHOONING U 30IAI0 ¢+

BIUD 0 WM U0 T LS 3018 ¢

AMO SLIG UBISTOR WMINGD NI XM ¢

€L NI LIS *100Y 3Nes ¢

NILN0H 100 NS ML ¢
A3 INO3 SY WU04 ZeeZ NI MO LIS ¢

$,080S 91 W03 OW dt 136 ¢

@ELIWT OE0IAIE ¢

12 MWL SS31 3 TIK ¢
TUM NOISIAIG 40 1S LML 0 (WOSTAIQ *
# QI#6Z) NGHL SST1 0L ONBQIAIQ LINIT *

SGL NI HIONTRALTIS & ¥ ¢

HANDD TTI 91 S oMY 135 ¢

‘AL NI YOSIAID SV ¢
91+ W SMIY ¢

BIWI
€l
B

8490054

It
8061
1860

¢ L
i3t

00N
&aL

S1'om

St'aal

03218

stian

oS

1HSY

7'M

4000

S1'ow

N
iy

s g % 8% 33 3§3 su8%

“TRO0H-IAN0S W
7 A @IWILVH NFHL O® ‘T + (91 + 13/HGE9T) ST LG WLTTS RIN
‘(HUNGRALTTS00) AD G30IAI0 ST STHL “GMBSOY NI {(¥/TdKS) 0 NOLLYY
N300 MY 3AM M OWE TIOHM HL NI T3AT) OIS WIOL ML ALYMOW0

NIW ™
“MAUNIOG LNALND FHL STN03 HIINIOM 108 s
INGNT 30 ML N3N ALSE ST 30 ML ¢ NI wn

A0 ALAE W NIMH

A9 301A0Sd GVERI3A0 1L LAWRBINT HL WOLSH TN SINL ‘AL SI
FE0 HL TIN ONISSI0NA SIHL 40 ANY 00 1,NDO “IRAJICNE FHL 30 ONINNI9R
L 0L 08 A LON ST LT 31 “ALdN3 ST 330 L LKL XIMD 1S¥1J

#
ONINILTLS 0 X00W HWZ 0 O3 HL 1Y STATY L SUYMOIYD ;oL ¢
*
STIATY ILYTOWD (IRHOMOTS NI 3NN ¢
£
WOATT SNLLNY ¢
*
+
*d00T NI 40 ONINNIO3 0L N * NI g
- ¥
HANTS ™
HANIS o
*IoMHd X/L0VIS ¢ '
Wi W4 GUINOSY INNRINI JvHd STINe3 * :
HOTHM ‘HLOINONVESSUA THL Md NI XSWM * NS4 ow
33005 kol
$
*
6WHA X/UONIS INBBYNT ¢
*
*
S0d14 ™ws
04714 oY
*
(T4 3 ] o
SY INBBYONT NOILISORMILITS 2UYMIWD ¢ 1490154 1



HUNIS NI LMSIHZ 0LS *

014 NOTLI00 ¢

IS A NOISIAID 20 LS AWILTH ¢

W 0LSH ¢

“3IAIE T4 91 v WHINGD OL T 39N ¢

T3L NI TH9 3 *

HOLYWHNOY NULTLA WIS o vo0 *

w're
Rz

(£ c1¥
T3L T
AL0S

{98
T3 T

HOLUWWIOY INIS HL ¥4 1¥3d3d MON  +

OWSIO NI LWSTHZ 0LS ¢
0LV NOTLIRRIOD *
WIS A9 NOISIAID 0 LTSI ANILYN ¢

W ROLSH ¢

HOLYMHIY (31T BS HL A IIAIC ¢

*30IAIT 3WAD 91 ¢ W0UINGI 0L Tk 30 ¢
THELND T S ¢

HOLYVINOY RGNS NISED N 0T ¢
HS00 ¢
01 Y3INIOJ INBERIONI 0L SOVRS A oL ¢

HLYTINIY NISKD L IZTWARKN LSH14 *

NOLLUZIWARION MOAN ML SNIVINGD 0N *

MORRN ST 34713 STHL *

T e
200
Tl
Tl
183 T

AIDD
3L

SI' WY
3L ‘T

3.

*30IM ST MU SIHL #

AL L3S SM LIE 0TS ML 41 ¢ AN [a]
04114 ™we
B *
SIHL 404 LIE LOTBSELS ML 490 W1d * 1504714 k2l
L 4
48l s
NOLIVZITARON 30IM L SNIVINGO OWSY * [ ) Ll
*
N *
AGL OINI NOLLYWBININY MORAN 40 J0IM WL N3HLIZ S130 NOLLOZS ST #
*
*d007 NOILVZIMARKN L ST SIHL ¢
*
®
1 &
*
s s Q00N
*
XIS TW 01 ¥B ¢ som bl
*
‘QEALA T O ANO N0 ST Mg ST ¢ 00N ™
*
Swd o
L Tl L] ka2
ANO LT ¢ +
IRML LSH1D ML 404 HIINNGD d0OT o 138 ¢ 2o R
oS I bal
*
SO4T14 40 SLIG XIS 0L ¢ S04 ws
FHLND LON 39 SLIE LOITS WAL XIS W) ¢ 2'50d713 kgl
50414 8
+
3048 (33165 LU NI XS ¢ [T} o
8' 14004 ki

m
‘MORAN MO 30IM ST H3LTIJ L Y3HIIN MO ONINIJND ¢

NOILYTWROOY MOONIM 3HL HO NOLLYWWMOY (X/(XNIS & MOONIM) ML ¥HII3 #
AQ M3HL ONIQIAID AQ SHOLYINWTIOY M31T1J NISCO QW NI ML JTIRMMON MmN »
. +

OV NI LTS ¢ oY
oy
THMOY
0WMSW NI LS ¢ 140~
omsw

THRSY

Hw¥S
saav
HWI

HWS
Soov
Hwl



8°0VINIS N

s

W

"G4OM ¥ 0L SBAT) Z "1Ai0d
([35SUM0D NI SHILSIOY 3A1LI3ISY HIHL OINI STAAT) LAIND ¥ALT1S AdDD

- -

*
SUIISIOM OINT STATT LI :NOLLINY ¢+
]
STIATY IN0 LI :LAMONDTS NI INII
*
ST WL 8
*
*
1T HWYI ¥04 dOOTD LV3dY ¢ 4000 ™
2 Tc )} *n
£ 2
1HOTY L 0L ONOWY LSTUIINT 40 LIG L4InS ¢ 1211 HOWS
S1°27481 » [L.:4]
*
SOV ND 118 L 1S ¢ SvHd T8
S w0
211 m
*
&GL NI 119 ML dIW ¢ ML b
SBL X
NS L1894 AUVINONIA dn OVOT ¢ 2 :TY Ll
TNHSTHL FNHO JHL 0T34 ST ¢ *
Owd SIHL NI T3ATT 41 4007 40 ON3 0L J0ug ¢ i c4] 138
*
T+NO 1Y ONTINIOD MON T ¢ + s
CWHSTHL JOMMO N (W07 * 1481 kgl
*
OIS 19 ONTINIOD WON ¢ - W
- o]
- W
+* L]
" W doom
*
SOVT3 NI HLIN 0N OL 118 WILINI * 271} TS
14" M0 ol
*
104 1Y ONILNIOS LaW1S * 10344 ‘0 2l
*
1AL N1 13 B0LS ¢ 3L ™S
TOHSTML FIMMO dn QW01 ¢ 240054 [
1243 m

'S116 AT ¥R XIS ML 100 WID ¢

2§ s2§

S81 OINT SO0 AJDD ¢

_ 8 §ug

s oD

TTOHSTHHL 30MH) 3HL 30V ATLGRAIND W HOTHA SLNALND
¥4 I 1930439 01 TILI00W ST HILSIORY SV W3 HL THHN SIONMD
404 O3 0L LML 350 A ‘SEL OIND HEISIIR SO FHL AJDD “TIOHSRML
M0 L SSONO HOTHM STIATY H3LTT4 L 20 ANY NI SONMD 804 XOTHD MON

- - .-

LSUNEN0L © ONIYNG SONMHO TATD 803 OO :NOILIN
SIONGHO OO :LIVHONO S NI IS

SONHD INTLNGY

- o e w

‘ALY HWT ¥04 LY3d3Y4 “NOTLO3S NOTLVIIWARON X0 O3

OIS ¢
NI (AT ANING NGELD 1S OIS * 00+
L0 BWN0S 0 LTS o (W01 ¢ caa

Y0 H
40 (N3 0L H3INIOE INBZUINT OL Qv AT ¢ -

0=t HLIN SNANLY SAYW L4BS LWML JLOM It

SWNBS 40 WNS # (- NI 11 O0¥ QW ¢
1NSHY S0 wnes A

B
g 3% 353 & 3 3§

1S WIS RS *



YIS NE W ¢
U NS ¢
IS AT WM a0 QU ¢

"MLINGY INIBLINS 1353 #

7w

b (T3¢ ]
s
34008

22§ usg

.
$ ELC A E1- ]
1]

“NOLLV(3D ONINILTLS YIHIONY 4O AQVRM 0
SHIINIOG LIS QN SHOLYYWIOY Y311 NAOO WD :NOLLOWNS o
*
ONTUILTLS L35 LUOHOMOTS NI 3NRBR  +
#
RIETERE: T TR
+
L]
ONINNION 0L ML * NI q
L 4
N X0 LSH1d ML WA ¢ SOVl s
SV ow
Sy wr
914184 M wm
+
WL ML L3Sy ¢ WALy ™
*
s LI T ]
*
WU 3 AW Qdnsx ™
SRHYLS §N0 IrTye ¢ Ny ™
00MLS s
LAWHEINT 135N 133SsY ! 0u1S o
ML o]
18N150° 0 n

INISO
+

*
1AVREINT L3N0 W 135 &
*

O3 1% L 1390 ML U135 ¢ SV S
SOV w0
TN’ ol
MAUSIOM MIL 135M0 QINI ¢
WUSTORS INIOIOH NOMS JTL LISNO AJDD ¢ 31180 ™
oHS0 k4l

]
$ RLLAN | YW L-T)

£1N00 [
W X U 4an3x ™
SSNLYLS 1003LINe ¢ WBLLY ™
00WIS ™ws
LATWAINT J0NHD La3SSY ¢ 00LS L]
E T X
MOV SN L BT L NI M N
®
TIOHSTHL ¢ N
FOWHD L SSOMY AT NI J0MVHO ON Stm +
REHL ‘CNET W SLI8 W 9 I TW 41 ¢ £IND ]
A9005M o
8L »n
NOLLI3S 1O ¢
L 43N0 dINS ‘MO0 LSHI4 ML ST il 41 ¢ NILISH ™
S4 o
974153 M0 n
+
[) W a0
*

. *
NOLII30 ONIW3LTLS LXN 903 AQYRY SNOTIW3A0 LTVM0D INOTLONL &

LAMYIINT 1IN0 135 +
0N Q1WA J1L L3N L3S )
BIL L[35N0 QTH IWS ]

W4 X0W LS¥14 WA

LRREINT 30NH0 135
SINMD .
135 OV 0078 1SUIS :1MHOMOYY NI 3NN +

L0 NN

KM
OWNIS
80WNIS
©wm
oS
voous

4 3}
OIS

8§ sEghy Lsgkg



*
IMON (LRMOMDTS NI 3NRBIR ¢+ ‘SNOLLYO0Y AESWHd N NOTHS THL A0 1oy ! ++

£
. 40 SINBEINT ASND 00 ‘W3LTL4 HY3 ¥04 ¢ ] N 00l
1485 SNILNY 8 .
s TW 00 %0 ¢ (] RN
*
‘SYALTIS IIML 00 ATND NO ST M 4T ¢ 40072 ™
3 :: gt [ ]
[igF ik ] k)l
W4 X008 ISYI ML 135 SW SIHL S3 ™ AW SIS ¢ .
WU w IRHL LSHIS L ¥0J HIINN0D 400 dn 135 ¢ T XA
WOILISOd OV MO0 LSHI4 L X1 T Y OV ¢ 14S4'D0 kol 10344 1 XA
16410 SN0 AON 91ML0 SOW4 TS
sS4 X .
SHDLUTMION L TH OM3Z MON ¢
N34T0 3N S 41 O ¥ ST LS ¢ 31 X .
(19:3U0-T1M10) ‘ 1hB) »M
TAMAL OINT LIE S0 0 3915 139 } 1481 T FSUHAINIS MELIND ¢ HINIS TS
004LS ow 1 HIONTS s
183100 ka2l HANIS ™
+
AL OINI V13 $UE INTRIND 139 ¢ a8l s 007 1]
Sovl4 o™ 2 T8 s J0TB
TUMIE N0 n *
st'o N
* HOLYYINIOY NI ON3OIALO ¢ Md
ONIQYOIW M3LSION  + nd # 48591 ¢ 4L A
SO ML NI SU14 J90/N0 U0 L 135 ONY HUSIIZY 300 NI LIA QINI ¥J3)  # 1881 n
* 1]
yIsIAl ¢ 2 e} TS
. ¢ (ZE+ 140) = HIONEW3LIS WM # [ 1] [1..]
LYY LND0Yd * * 1901874 »
MOONIN *X/(XINIS L18Z€ 30 GHOM MOT * WS s
WLYTWNY 10004d 1481 ™ws
NOONIM "X/ CONIS LIGZE 40 QoM HOIM * THSY ™ 8091 ¢ e »
*
YOLYTNN MOONIN LIGZE 0 QuOM MO * (i) ] ™S 31 ™ws
OLYVI0Y MONIH LIGZE 40 UM HOTH LSS N 31410345 HIOINDWESSYd NI X5 45008k o
WL HLOIMONVESSYd OW 103T3S 43114 a0 B Nds4 N
IS TNOIS LIBZE 0 QuOM 101 0705 TS .
HOLYYHY
CRANOS WNOIS LIGZE 40 CMOM HOIH } THOSY T »
. (284 W) / (Md # ¥BERI-) @
SHOLYWHNODY ONINIWM3Y L N3 NBML * 0012 ™ 1SV 3NS U ST O+
™. HLONI RIS/ (INBBYINT X/ (1ONIS & NOTLISOR3LTIS WILIND  +
0T TS 151 SIML U0J NOISSRII3  +
+ NS *
. v Jwid 1/0ONIS WILINL AVTOWD  #
*SNOTLYIOY H04 LN HL OIND ¢ “ e .
R LNd W BIIYTIIN 3L 0437 NML w1
++ » .

¥8E91- 0L NOILISOd M31T1d 1353 ° $04114 ™



T 300 NO ONISS003d 10 ¢ 1 pY ]
+
[ yse 10
#*
ONISSII0Hd 10 40 O3 ¢ e}
0 3994 0L MNL3Y ¢ 0 MO NIvY
MLTHS
Brl
asa TS
01531 s
RIOHMMES 32T WILIND ¢ was s
oy s
e b
84 ™S
2] ]
94 s
& s
4 S
€ e
2] Tovs
AVSIY AONTNORMS Q37 ¢ 7] b
39Md s
&9 TS
01S R
bT0 Y ™S
14N T
HIN ws
STRVIdA 0437 1N0O1S fa]
1
T X0
+
[ ELCRI 1T =
*
*
SLIOIQ A0 103130 :NOTLONDY  #
*
BT LRHMOTS NI INRIN @
*
ST N+
3
*
1
‘RIS AMROSBEL SIT NONJ OW AW ¢TI0 W
*
W04 0% OINT 100M I0d ! £aL HNS
ST'taaL bl
1]
s s [15]
+
04007 N
el s
1008 0L LNBGYON! 10B¥0 O * AL o

£4aL SWI
*
s W5 S0y
#*
o3 ]
04007 v
£t T
1004 W03 INGWUONT LNBWY) LowMians Sa1 ans
a8l sw
*
918 001 (004 * s 195t og0018
k2
TRKS 00L 1004 WS00LY £y}
*
3L NS
1481 Hans
#*
W
£31 A
1004 L Fyonas ¢ £l 1
*
INBITINT ML AW &L HOWS
STl ¥ 04001
*
SNOLLWILI 8 %04 O o 135 ¢ Low ]
*
NOLLYO0T G3SONT N7 NI OMY 3AWS ¢ T1cms‘omy WS
o N
) *
182 % 5°/21 S SS9 100 WILINT ¢ £3L TS
N s
142 # 821 ST INBGNT WILINI ¢ &0a1 Tovs
*LOOHONGYML S04 1447 NI Jd0m ¢ .
1T * 821 o (w0 ¢ 8'N N
*
+*
0= N *
HLIN SRNL SN LHOS *STTOAD 111 SIWL MNLINGY JL 'l NI QNI+
SI 1S3 L QW ‘NOILYI0Y AMRIOKDL ¥ SY (39N S| SQL "N37 TS 3L *
FAI9 TN SEBIN ATLVON “IAILISOS 38 LS OW ‘W04 282 NI (WOTIZANEL ¢
O/ (HOTH) 1) SNOTLYO0T 40 YIvd SHL NI ODLS 3 [STW MDBMN INGNT =
L QT A1 LWSI ¥ JAIO TIIN S°¥SZ ¢ L0OY IWNES U StM HOIHN 10BN 4
ANNL ANG “M3BWN INGNT L 0 1008 IWO0S 31 0 WIOAINT ISIAN B
ST QW ‘SSZ 01 G43Z ST J0MA LS3Y L “INILGH 100 JMNBS L ST STy »
#

s s

1S
*

*SST 1V SAVUNLYS HOTHN INALNO W HLIN ‘N3OIINT W 0 Looy
NS L SAUWIEY *MNLNY NOILYTOND BATT ML NI 30 NOTLONA

*
*
*



[ K7Y] KNS

W
» A
™ [ily}
L] A
[0 ko2l

1187 HOYS

2l v11

1Al KOS

W

%1 A

Al anl

a1 A

18] kal

1IN HYS

21 L3l

1'za HwS

W

ksl A

wn T3]

[iral AW

sI'x »

IN--(3) ¢ 1IN HWS
(IM (=T INSQEIN+ DR INHON ¢ a1 3]
AC--QRTN IR INGON * ' HWS
W

JIN ¢ m A
NC—IN N a
osN ¢ a A

aN n

oN ! 8] kol

NISSIO08 ¥300030 MI0 ¢

N W0 MLT H04 MOONIM NOTLOILI0 ¥30W0 HIS

I LTI00 OINT TWS ¢ T TIaNS

HHUNIN
HININ

HHINTW

HININ

$

THINIW

HHINIW

STUBNS 004 40 3417 WM AV ¢ 9" HHINIW
THININ

HAINTH

THINIH

HHININ
vre

T

7 HHININ

g ]
i 2l

g8 34239 3 =¥ 3§ 3 €9
3

ANGNT H30W0 HIS Y L1 39015 W ¢ b HWS

d
N0 LT IS ¢ 1] A

]
“STNOIS G071 INIIND AVd OINT SN0 HOIHM HHUNIN QOHSRHL ¢
3;5«93;8.“_Euguainu:.é—opgs:owmﬂz.—.
-

MO0 10N 00 SH3LTIHENS YWD ONC L AWML 05 TS LNGNT IWS

TS INNT NI 130 ¢ 4 1

[}
0 3Md 0L MU * 0

W13

MIn

SN0 UNBLW [ke: |

SN SUQ ‘STIANS L AAWINN * ALIND



Je— I A
0 s ™H w
ALIN o o A
SILVON ZHIND WALM O W 136 ¢ 1] SWI 18] an
*
-~ s TUINeH HWS
w1 ™ ¥Ll
. 1'eAH KW
81 6] W
STIMS NIH 4300 SIWId IS ¢ L] ans JEH Al
NI o INEH a1t
™ OeH A
I s sI'x *
AN oy .
e sw Hd Vi Hws
Y ™ e [T§]
saal * TZAH HWS
. Nt
W 138 3H A
HoQY s INH an
Il Tvs ] A
iy oy »n
HOTH 30 ONI W3d 305 * M k2l ] .
o s T'INH HXS
8L w1 NH il
. T HWS
b 34 o
T s N Ad
taal e INTH [iTy]
i [i{] A
MON 403 ONT W3d 305 * a » for 1
. Sty k]
2
SW3d UYTHION ¢
. NV HOTH 410 403 MOONIM NOILI3L3T ¥3GWD I8
2
& ¢ 8L ™
ONIHNT NS LON S300 200 ¢ & P SIMSH OIS OW OML AT TWISAN * A KOS
* " Hans-
a0 ™ BT H
& &9 19 NI I 3.4 48 Hars
. SIMSH SSI0ud ¢ 73] Hw?
1S RIS OW ML 18 THISH * T'AH HWS
"W Hans
€M HOQY *
W s ONL AE TNOSAN WY ST TUIHL 05 *(AMOHL AQ) JINLINOWM 3L + ANO  #
SITS $53008d ¢ W Nl S (SU3LI1-8NS ¥IMM0 ONZ 90 WNS) MILTS HIGWO WIS HL 40 INdIND BM:
FY *
THINIH HWS
N
o K¥S 1IN HWS



78§
Esg 5
LU

]

g
o 5
q 2
- 3
: 8
B8 § .t
Baz 2§ §

¢ TEST FOR TWIST - SET LEVELS WITH TWSTHI (LODHI} AMD TWSTLO (HIXLO}

3 IF INPUT SIGNAL 1S

s GONE FOR WIN CONSECUTIVE

3+ SMPLES, RESET SYSTEW

+ OR LOOK FOR GAP
1 IS GAP REQUIRED ?

. B 5 B sigegs ob

+ TEST FOR THIST BEFORE

38338 &

s§s=§8H

3

Edp

e

3 USE THIS FOR GAP COUNT

SIGONT
ONTR

3 GAP THRESHOLD = PREVS-

THRSIB, 13
o)

3 TEST FOR MINIMAY SIGNAL

MINTHH
ADMH

38

ADSST

3 STH THRESHOLD / 8 (DB)

3 SET FLAG FOR GAP TRAP

g §§=82 £ slzez ge E

9483 29 . 29%%9z 2= 2997 85993585 sopceficsceeifisgs

-3

s CALCULATE NEW THRESHOLDS

s IN HL AND LO BAND

IR
# s Fgf-Ee8 823

TONT
HINTHH
ADL
TONT

.
¢ THRESHOLD 8TH ORDER RESLT



84
ALIND

THHL

¥iH

ALIND

2,18

IHML

€A

ALIND
94

9L
IHML

ZMH

ALIND

THUHL

T
L]
ALIND
| 7]

L
0L

"

ALINY
€4

£
4]
ALIND
4]

83433y 3§

swI

3%

435453

2439

%3435 3289

w
z

EE|

L]

L

W

ALINN
£]

YL
0L

m

8L
d01s

NIy

§ Zs74s
g

2434

SIMS3Y YIWO ONT QIOHSIML  +

MRLSAS 136 ¢ 1084

9y

0

N

0

NIVOY 00 00 "CIOHSTHL W03y ¢ %3]
STMS AN 001 Y ML 41 * UIND
SHILIG 100 HLOGNS * 4060

NIy

¢ ML MG INOIS

{4+ SH L0) NIL 9 QWOT ¢ L (]

NOILOHISNT ONIMOTIO0S A OINDRAIIT ST 35MWd LISIG-IINT

1R391S

ALIND

DN0O 9 LRGHNT ¢ 1N0018
LT o]

TOHSIHL A9 A0V * ALINR
STIWS AUVYIIIW * Ll Y
N0



TN
§3't

Sl

THRML
0'0
ONIJON
2]
%
[ O8]
W0
[ F ]
R0
ONLION
]

w0t
04810

~
=

i8gy g

g89y S35 %33 %35 ¥8c¥ 3. §ie¥ g. g93E 3. 3¥53E 3

94
*

3]
3

TONT4

§¥%%s% 5. g¥9¥ 5. g89¥ 3. $53f 3

[AE]
*

24

138}

“QAHSIHL MO 38 OL WM SNIE
YHIO TV “NOIIUNIENOD W10 QWA Y 39 01 Y3040 NI 030437 NHL W TSIN
=000 SI QWOHSTIML NIE ML 3A0GY AOYINT HLINM (NYG HOYI NI AININO3YS ML

SHAINNOD H3GYO ONOTJIS WOYd L1910 NOL INIWRILIN

L

40 MIL M4 1831 ¢

INIGD TNOLMLD INFRIONT

NIvY

. INDOIS

1ND9IS
ALIND
IN0OIS

NIVY

sWI

jL4



0NN LARRAIINT 23000

13!
118 LdWH3INT 73000 804 00 ¢

Y3LSION WYINGD OV ¢

JIUN il

&L ow

() el

164113 3L N

- - .- - -

‘IWAANT BTG 80 J3000 YILII ‘LAWMAINT 30 OS¢ -

0% 01 INIOd ¢
WS NI MILISIO ¢
ANITIINY GRG0 3WS ¢

HOLYTHNIY 30 SLNGINGD 3§ ¢

YAISION SUYLS WS ¢

0 Lo

VS 0N ws
0 b o n]

[ iec R
THOW HNWS

1 X0

WSS 1s8

3 pEL N

*
WHINI
*

TR LAWUIINT INOTLINAY

*
+
+
NON SLRHONOTS NI 30NN ¢+
+
1]

WHINIT SNILNOY

&9 404 007 AN
arms 1w L ¢

SLIOIO Va8 LNBERONT *

NIVY

asal
ALY
s

NIVY

idgd 94,

.

(e}

auy ™ AU
3
00418 S
0MLS o
30018 ¥ox
16NI110° 0 mn NIt
+
S R ]
WU w
9UIN0' M0 ol
*
INLQ 18
*
b At o
LaF TR L] Ll
]
E it TS
040 N
INI3  NTRAON
[
0 bl
Lita s
11910 o
4080 XK1
! X0
*
NTYAON 9
30041S o
JT J3le ] »
0 A0
L1910 R
11910 o
40L0 X
134 @EIY0dN NI JON SWM 116 ¢ 11910 s
NOREAD HL 3SW03E (3L03i08d LAMREINT ¢ NG
]
+
WNUNY NI+
*
*
135440 GNG-HOIN +* 181 o
aaat'o ws
¥+ 135340 OWE-M0T + ¢ Z'6481 »
+
ONT0N m
84 [ 1}
Lial ] X
]
Q10N 3.}
o s
Lia} ] w1



YIISNEL VR ¥ 30 LiNd LSUIS ML ST STHL

[i €031 [
+
TUN0S LAWMIINT TRNRAH SWIT 05 *  [BaNLS L] 10
3Ll R
440054 oW
4311 ka2
190d SnIs oL} #3111 HOVS
SNLYIS 1N0 ONILIYM A8 LTM JOTEWONKN 2°3004LS "
*
[ PLCR ]
vl AUl L 0 ¢ *
1M9d (NOT35 L H0S LAE OWAMOD L WS ¢ ET N ™
FEIN w1
*
“INOQ NI SYH NOLIWHIJD 2U1dM ¥ 40 Lvd ¢ 2 0af} s
15413 L LWL 014 0L 118 YIS I 13 ¢ ] w
9IMLS IO k.l

s st 1AL

00¥3 L]
oy ¢
Y ST SIHL ‘135 ST L1 41 “L18 WY OO } a3l aw
L1830 n
FT TR <
a4l aw
30 ans
SLIE § 0L ONWACO 30VAU3INT YovW * $'30 »
SINAINT HONS OWABOD QV3Y ¢ Lud1be‘ ALl M

-

"NOLIYY30 311 ¥ 0 WM

N935 UL OV OL OINO ST 118 31915 Y AHM ST HOIHM ‘SLANYIINT ONL
O NOLLIMIO HOVZ NI SMESMALL ONL INO3Y SHIJSNL LI ‘AWM HOY3 30
SUIIOWRIL ONL FHINOBY SNOTLAIJ0 (W3 "3LIUM O QY34 ¥HLI3 ‘NOLLWE0
VIISMALL Y 40 ONINNION ML 1Y 3w 3 05 '135 LON Svw 118 3iv1S ML

,ow o owmom

*SYBISNUL 40 HI¥d ONCIZS WL 00 °
158 0N NOTIVA3A0 TLINR Y HONGRHL Awe ¢
W 3 M 135 ST L1 41 “LIE AUNS X0 ¢

YT LAMIINT SVAGIND TTRN ¢

2w

Sl
[2F T ]

99

o
N

*

+
*

+
$ WS MU
*

+*

UMM LAIINT IWAIAINT BT +

MIISIO SALYLS OIS ¢
YOLYIWNIY OIS

O OIS ¢

SIAMADINT I3003-NON THILYT T WA ¢

UTIONWH LIRU3INT WOUS HiYd LIX3 NOWNOD *

NIO 3160d0 ¢
4SE00 MAHL Y3E00 SINGCD YIINIOS *

*¥3INIO NID 3L INWRON *

W03 ANLINOGW EINOIS NI 33 #
QINT FIhNS CIZTHYNIT LXN Qv *
YIINIOA NIB ML d0 Qv01 ¢

9913 YOLYITONI LANGNINT 3300 135 *

LANRGIINT 93000 W3 ¢

YTIDWH LRNIINT 33000 ¢

IS
0NN
THIIOY

4

VS O

TR TETH
3l

0EUI

L

$
ONNID

NIB

ALl

3 ]

3Ll

0

IR

184000*s
NIB' oW
SV

W

9HINI 0
184710 S3L1
4all

0ZEI

$

&

N3

$838y

= 93§ =s%.% 38%:

B IFETIE

-
-
b3

NN
[l

*
INZINT

33003



*
SWU s
WBLSIOR SN NI L16 YIS WID ¢ S wx
*
$ WS A
*

YIIONGHL JLINM Y 20 Lwd ONOIZS ML SI SIHL  #

QN3INT g
18190 4311 1o
431 HXS

8's n

$ 39" QLN

GHOM &M HL 0 SLIE
6 Y30 L NI (31J133¢S NOTLYO0T L 40 LA ¥3dd FHL 20 VR ¥ SI SIHL

- o

OGIN] 8

300WIS 30 IAS SW INO ILIMM ¢ JHAYIS WAL i
aall Hws

8" 300WS ol

$ 95T I3816S

‘HALSTIR SNIYIS ML 0 VR ¥ ST SIKL +

QLN

8
L 1R WS ¢ 0K ™S
E LY »n

$ EALRE & 3T}

MAUSION W BIL IR0 ML 0 MR Y ST SIHL #

ONIUNT

1¥diva‘s

+

OM NI OSTW ONY CMOM W L 0 5118
axwaj_u.:.-:nunu_uw&-a_—gwnbggdwﬂ&gcm_ﬂxh.
.

AUAR W30 W D QU ¥ WM ¢
HOTHM QUOM % NI L3S 116 N 804 X030 ¢

MISIO SNUYLS L 0 GV ¥ SN ¢
HOTHA (IO oM NI 135 116 S %03 X030 ¢

WL INBRND 40 QU3Y Y SN ¢
HOTHt QU0 o NI 135 116 1 904 X030 ¢

*(3AYSHD) MIUSTIY INS FHL OINO 3dchM *
W 300W 1S3 NI SYILSIO ¥HIO TH ¢

T80 0 300V 90 SS30W MY SV HOTHM ¢
QO A8 NT 135 L1 7 304 030 ¢

NG
AUNSRND ST 300W 1S3L LGHL SNYIM HOIHM *
WIISIO 300W NI 135 LI 15U 404 YOI

*NINGAAM ST HIdSML 40 ¢

3dAL LM JLVDIONT OL MTYDMM LAWRAINT ¢
HE A (3 T SN WUINGD ML ¢

*3LAG U3dd FHL ND SOVIY TOHINGD SNIVINGD *
OSW OW ‘SLIE 6 M0 SLT NI Q3TN 34
01 ST NDLIVIOTN WIISAHA HOTHM SILYOIONT *
Q0N AN HL OB NI GUON NI *

"ONTJM HALSTOR L QW3

*SONIddM

Y3ISI9 0 IIML GYLINT L GUNI 139440 °
W ST KOIHA “ONAMOO JWREINT JHL N0 OV ¢
SYLINT 0 SSTNOQY LIS L &b avo) *

Qitn

3Ll
R ]

136185

S341
1188'3]0

135181

alt
11610

ON3INT
184190 “ 3A¥SH0
153U

311
1191° N0

1S3U0N

001
181831 M0

SIALT oW

L ciNd
LN

99

9%

1%

88 & s



e Tyd] 18
+
N ¢ *
ALNBRING ST 3004 1S3L IWHL SN MO 00M1S W
3151999 300W NI 136 L1 1SAL 04 030 ¢ 141S3L°M n
+
*004 40 NOISY3A TWMOVRS HL NI LOWIND * +
1437 NI30 MM SL18 (3¥) Ol WOL100 3L } J00MLS ™s
106 ‘034V0dN MON ST 3008 “300KLS dl 0OV F0ONLS SO
WSO o
00 01 +
NALLISN ONI3@ UK FL 20 'SLIE (39 omL ¢ +
MOL108 341 404 Ld30X3 ‘31AT N30T NI XS ¢ ' ans
8'M »
#
W05 OINI WOLWS TWIS RISH ) W * ey e ¥Rl
a1l o
" 135440 TWWL NI O0Y ¢ [: TUa XN
#
aDon a1 ws
ONI3§ 3040 L WOYS SL1A 35 L LWWLX3 } IS0 o
€ XM
*
00MUS NI X0 3015 oW 119 300415 s
OML WOLLO W1 ¥0J 1d30X3 “3LA8 300M 037 * AN0KLS ow
+
‘e ¢ *
300M NI S118 2 OW ILAG STUYLS NI XSW * E ) aw
'} o
8" 430084 M

-

*LAVRAINT WOY NNL3Y OW 3LIHM 3K 300TONDOY 35T3 “1WWIS3Y NEHL
‘3TaM L 0CTWONKY ‘1S3L 4135 ¥ OO NI L3S SI 118 1S3L ML J1 S

"y

41 L 30 SALYLS L 2UVGAN O | ¥ 0L XV 119 SNLVIS 31YIN0NIN
FH1 135 NBHL (135 SLIA XW1) GIATWMONXN NI AW SLARRIINT AW J1 °¥
*SLIE W0L OW ML0 1L W3 NHL ‘135 NG34 SwH 118 1531 ML 41 '€
*S118 25 L 01 ONIGHOZOV ¥0Lvd THOS TS L 135 °C

‘T oW

0 SNOILISOd NI M3LSIO 3I0M L NI AVRIN 3 HOIHM SLI W 3L 0
YIS ML NIAISA ‘YILSION 3004 L OINT “NELLIHM 31A8 3L AdDD 1

‘RN M TIOR3 H 0L NOLIW3L0

P I R R

*
$ st 1R
*

*
WISION 300W L OL 3UIW Y SI SIHWL #

ST MIN0T M L OL M3USIOR ¢
ggbmggggu

238§ .

»
+
.
2907
L
*
*

WAUSIIN ¥ 30 FH ¥IM0T L 0L AT Y 0 Ld NODS ML ST SIHL ¢

+

AL W34 MY 0L LT ¥ S ¢
HOIHM (MOM W NI 135 118 N %04 X030 ¢

MIUSION ANGERI ¥ 0L AT ¥ S ¢
HOTHM QUM &M N1 135 118 4 403 O30 *

WSO NT Y190 3AYT) *300M (531 ¢

T 4D 0 SSRIAGY OL ATue b S ¢
KOTHM QUOM W N1 135 116 7 804 X030 *

135 10N 3008 1531

NO AN ST 300K LSIL ¥ SNUIM HOIHM
YIISIOR 004 NI 135 118 1S3L 404 00 }

Y3ISION 0W L 0L ILIMN b SNYI HOTH ¢
QUM M NI 135 118 W %04 030

SL1G OMTJIANT 1O XSt

*SIHL Y04 3AUSHD 360 ‘NILSIOR ¥ 0L ¢
N3LLI¥M 38 01 ST HOIHM NI WiV M} Qv34 *
‘0 NI GUOM ONIddWK

"ONISAM M3LSTOR HE Q¥R *

‘SONIddM MILSIOR *

0 T\YL QULINT L OINI 135440 W SI ¢
HOTHM ‘(NS JWRIINT QIS L NO OOV

wien

$a11
118030

135184

&Ll
1184°:0

a1l
1™

DO

LS
18153L" N0

135184

2011
11840

3AYSKO
430056
S
14140 " IAYSHO

LT 0w

WILINT

18

22% 92 ¥ %9 = €%

2 %

L]

*



*
T30 5300d NI SNOLLYO0D % TW 0437+
*

“UTINH 13534 100 A8 aW ¢ ]
LY 1531-9T3S AG QITWI  "1353M Whm ¢ 1) 39S 135T
*

¥0SS3004d T WILINI-3Y *

.
AT LISTI WM NOLLONNS  +
*
NN GLRHIM0TS NI 3NIMAIW
*
)
+

13534 sIILNCH

(3000 WYSYLSNIIN) NIM 0L e ¢ NIvM L]
SLMAIINT 3003 JLIE]
]
3000 Wi HL RIWILINR E L] ™
*
OO0 ISHI WL H0d AQVR ¢ +
W11 dD 135 WY SHOLYTMNOY T NMOa ¢ *
W0 01 NTLN0Y ONIH3LILS 1363 TR ¢ 418y ™
+*
13530 ™
*
0 )
+
3000 MOLRI0 136 ¢ WADS 0D
]
W MIRIN0 WD ¢ E ] n
+*
W3INIOd 39Vd Y160 ZIWILIND ¢ 0 X0
+
“W0LOM * *
13534 HOMJ T HIWRE " 1353 000 ¢ ] LR X 'q]
L 3
05530044 BIWILIN ¢ '
1]
t
YTIMNM 13534 00 NOILONNY &
R ]
NN UMM NI INBESH 4
]
135340 :MIUNGY  +
1 3

HONXOY [
(“M3LSTO3L TMINGD JHf 0L SILIMM *
A 133 ANO) 43X L vadn ¢ Qdnsx ™
*
* ™S
WH 434d0 WM L 0L BRSO * 8IS0 o
YIM0T L 40 SINGINGD INRMW L OBV * ow
240054 kgl

*
$ WST WL
*

'

HASIITY Y 30 SNH ¥3dd?t HL 0L 31T Y JO Liid ONODIS ML ST SIHL  »

*

.
a0 ]

+

Ag ¢ *
S AININO3HS 20 SINIINGD INZWED L qOv ¢ 54 [
8°43005M ol

)
$ st 135184
)

*
A0S MINZD WAL ¥ OL AT Y 0 1iud ONODIS HL ST STHL  »
.

*
MM

[
*
MW X YN ¢ adndx ™
*
REH 0L X0 SHHOMYE 1531 4135 ¢ s RLLM ) = ]
£ ]
0KLS ™
A0S w
AW 4T ‘T 0L 135 36 Of 119 Sueis ¢ St k2l
Ll ¥6L
*
a1l o
135430 37@vL NI OOv ¢ WX XN
*
a1 TS
SLISXVI J3ML L NI XS ¢ IS0 o
I3 Xt
WSO HOUS
1 wsg MWD
*
NINCY 1531 TS 3L 02 HowRN ¢ 1519 §  msH



116 1 WID * [ Th] ow
0ZEUD ]
03UNISHY (S)LAMARINT | L1EMI 0N 49D
L]
s (]
& S1dMRAIN] * »
GIENG INIOGI W3 135 MON SLIE AW ¢ a1l ow
8 45000 n
all ™S
*
BLUWI o
1S X
843008 N
1]
[} s gy
*
+
*01 N3LLIWM §1 *
MAISION WHING L WL AEAI OW ‘(30600 ST W14 LAMREINT [
WIISION SNIYLS ¥ WIL AUMI YWD 914X L V0N NOLLONG ¢
*
N AHOMOTS NI INRISN ¢
¥
[ZIE R 0T T
*
*
13
*
300MIS 40 A SH 100 ILTHM t LMALIY AL 10
it HwS
83005 w1
*
[ st o
*
*
*SLIE SUYLS ML 2 *
0N ¥0 M0 NI JONHO Y 0L NOTINGLIY M0 01 SIUYLS 10O LIUM NOIANDS
2
ION IHONOTS NI SNROIR 4
]
NALLY SINILOY ¢
*
#
13
*
LS TR »
01 SL18 HRISITR 0HLNCO ¥I0T N 136 18U eI 100
W Nt ’
0ZEUD 30 VA LTWHT HL SV SIHL o * 0ZEUI ™
*0269 W4 Stig 30037 ¢ .

MO LMRGINT i WID “LNJINO W 3 * .
01 Y135 135 OW ‘140 WHINGO ¥M0T P ¢ *

1V INIOd 0L 118 0MINGD O 104 L 1353 * e »n
.

1804 WHINGO ¥34dN 0L Y3300 ITWA I ¢ ¥ ‘MeEUD 0
a6 ¢ »

0L SL16 MALSTO TOMIND ¥3M0T N L35 ¢} L¥4UD'0ZEUD 1
*

1ADD pL )

o'+ g 18

Td o
E ) s TAdDY
.

(WL 0 08 + 1) HLIA HOLYTWHAOW Qw00 ¢ INNGD bl
*

M WIGD O INIOG OL T dn 135 ¢ 1-1001 1 R

d00T ONTADDD OMINGD OL OWY 4 135 * (1-THVAI-TONID) ‘O R
.
*
0 30¥d NI SNDIL¥J0T 80103130 WOL RIWILINI @
L 4
[

0Ad02 e

[ ¥l

Tvd wn
k] s OADD
*

(7Y 0 ON3 + 1) HLIN J0IUTWNIN Vo7 ¢ ONGNGD bl
*

WS YIWI OL INIGD OL T dn 135 ¢ (1-00N31) ‘T X

J00T ONIAJDD 0HLNGS OL O dN 135 ¢ (1-OMYAI-OONID) ‘Ot R

. )
T 3994 NI SNOTLYO0T AMOMD 3UT I WILIM  #
[

4007 SNTADO TDUINGD OL OW N 135 ¢ [FE 0.

¥z z3% S58§%

*

00432




STRYIw ¢
TV RIWILINI- 0L 13534 MM v 00 *

"H3H LY NI AU0N T35 (+) ¢

- 133

Hwt

g

W0 LAWAINT 23000 #

]
s P8 15100
*
NOLLYOOT ¢ 4o ™
IR 0437 1Y NOTLYO0T @ISt 3AWTT ¢ . ™
HOVA 403 390M1 143439 “OWY 0L oW dI14 ¢ 0's i
(200 NI 400004444} HOLYVINODY Wm0 * *
30100 (3LITHS S LIE L1 0O ATINLS * fa i 8
*
"NOILISOd 118 How3 Mo ¢ NI e
ONILY33 “L1G M0 AG 1431 OWYI0 L4THs * e w1
*
s i)
NOLLOGYLENS AQ 11 XO3HD OWY XOVE L1 Qv3y * . sans
NOLLY207 sy NI 39015 ¢ + TS
o 1) NI
N0 HIIN Lwss ¢ 1 ]
00T ¥INT 40 SNOLLRGLT 91 SIN0D Ty ¢ 3+ N
007 ¢ *
YN0 0 SNOLIRELT Y0010 SLNNDD oy ¢ 440" o RA
XIS OINI IS ¥4 Wt Lnd ¢ HSAd
Ty N
B0V NIIY NI 3UON 335 (+) ¢ d0d
#
*
1S3 wa #
+*
.
1S ™
WISXIM) 037 404 030 ¢ w101 »
*
oY ™
(124 ] M
#
w01 v
w101 SOz
AN SWI
*
TN TS

T

E ]

0

HLYVMIIY NI SSTH00Y ON3 WMI0Hd © Eer )
MM

1

NOILYI0T ALINY L 3u01S3Y ¢ E 1]

1

032 0L WISRMD 138 ¢ W104

2% 3958 g Hag

1531 WSO Wod

XWLS DINO LWSIY 1Y MOY 1N *

ST 1S1M0Y
]

3
RN T E )
*

‘3003 L NI (+) QDR RN AML
103A0MRS 39 AW SNOTLOWISNT dOd INVONNOY 5L “SHOLYTMIS
NO ONINMNO00 WOMJ SIWSSIH MOLRBA0 XWLS INBATNd OL ‘03dd0d

ISHIS ST XIS L ‘(EMSOd ST INA ¥ BLL HVI “T30WISIE 3w

VLS 4L 30 SINGINOD i "3000 WYBULS NIWW ML OINI SIHONVY,

N Q31T MILINIZY ST HOSS300Md i ‘1531 4135 ML 40 ON3 JL v
"H3LSION INITIH Y SY NWLS L S350 1S JBS "ISIL WSO
WO G/ 1531 WY TARIIIN] WRIORBd “H0SS3008d 40 LS3L 4138

INON £ LARHOMO S NI

JLIER-IRE 160 ]

NOTLONNY
INRAIN

LR A T TR R R

*LARRIINT 33000 LXIN ML ONINND ¥AUSTOR ¢
TOMINGO ML 0L NBLLTMM 130 TN 026D ¢
02EUI
i19 4x 138 ¢ [2TH]
IdVAGINT ON ¢ (18400 N0

0ZEUd

&

g § 2s8%



NIy ¢
WISXTH) H03 UDRRM WAI0N X0 04 ¢
*19W1S3Y W XIS I JONOT ¢

SLAMAEINT J3000-NON THILYT TN W3 *
WBISAS MHL 0 MM ¢

1N MO CRRONLS-GNS A 3LV
SLAMRAINT 353 ¥D XSd SNOIUS AW *
W1 05 SLANBMEINT J3000-NON TV W ¢

SRLYLS 10 ONILINM AQ 1S3L4TS ¢
L S0 HOTHA LI L 3003 00Y ¢

3003 M0 ML IWILINGR ¢

00H LIN ML 904 AR ¢

WIS N 135 N SHOLYTHNIN T NG ¢
WID 0L NILN0Y ONI¥ILILS L35 T ¢
*119 300W 1531 POLSH

NMIS WOY LS 1S3 I ¢
HOSS3004d ¢

ML IATTWILINIY 0L 1353 whm v 00
*SINRAINT TvsIa ¢

Lt ]

18413 $3L1
34l

0ZeUd

N

€'
1815 S3LT
3Ll

440054

311

&L
8°300WLS

E UG

AN

00
'™
00MLS

15

$

W

4 9§ se¥s 338§s

SEERE

£3

s

]
1R
*

]
NIF0 IAREINT 33000 D8 *

#

XIS OINO LS SSUd IS3L ind

Ssud

HSd
xn

*

MSSIIINS NEH IWH SL93L L TN T SHWIY HIW 41

- .. -

LGOS 001 SLAWRIZINT ¥03 WO ¢

L8 ¢
M NS YL LIWIAINT J000 INd *

DOWRNI
001 SLAMPIINI "OMST HUSION MW *
d007 *13A 0Y37 LON H3ISIOR Xw !

TR0 StH LAMREINT LIV ¢

O HLIN S400T NLINNGO

‘LADAGIND LXN LTow "ON0T STOAD ¢

9 S1 84007 *SLAVAGINT NIML38 (3LOIX3 ¢
S4007 40 H3BHN WIXN ) HLIN O (V07 ¢

91d BOLYOION] LrWAINT WD ¢

*HOMR3 33000 NIHL 0 SRS OW 4l ¢
LINMYZINT NY TLIND O O = O TLIND 00T ¢
SIATHN LARRIINT JI000 1XIN NI HOWRN ¢

O HLIN SO0 ONEINADD ‘LdMQUIINT LXN *
116M 0913 HOIWITON] LRIINT W3

CTEUNT WON SLAMEINT 33000 ¢

*ON0T 3000 ¢

9 §1 Y007 *SLAMRIINT NEIMLH (UM ¢
S4007 20 HIBHIN WMIXM JHL HLIN 08 00T ¢

INI3 LX3N 4L M3LY 103443 SDHL A0 ¢
*Yo NI ‘A0 SLAWRIINT 33000 @3 ¢

SLAMAING ¢
33000 AND TEWG 0L XS Y30 *

%30
aall
Lunt
AL

.
1MSH

14000

$

84001
IN1109

5t
GUINT N0

KUHINT ‘o

S
SWU

W30
¥d0o?
IN11S4
SWJ
914INT N0
SV
SO

S
[T ]

YW ‘Ol
o

28411 0ZEUD

®EWd
0

L'

¥ §8 | g893

293 ¥

- 5% %

§

398% 2%%

£
3

2 g5 5 %%



PC Application Program

Appen

lewoj008 1 ONNOS"INTOY
tuvatoog 1 NS (191G
aabayug ¢ 1
"
{ Pt 2sv yIge
40 00U ‘SYUN(Q BUT(TRI) VR ‘S3Uied |vDORp B1d1310e “sytbtp privavt Joy
693 31 “WRB04d 3 50 Japurved 43 03 40 PESERY 3G 93 31 BuIO( [V Buesaq
34039 PIRogAex ) WUy InduT AN ¥ 30 SJURU0D 343 SIDWD 304 S14) )
Luwatoog 1 gNANT e
H
UL 1 W ey Jabagur @ oy ¢ Sutaysiy1y : T MW7) wnpId0yy

N (bessamrieniy) tpag
$(L)v0[023xay
ipunosoy
£(00g1Avqag
$(0011)punos
REL ]
DI )901023x3)
$(AUOME  XuOMWZ) Ax0309
utbag
{9914, ¥ s3I0posd pue L1331 =171
Hesson Jesud (WU a3 3R (BUTANTL) PRY U1 WERssSIE ¢ $3301d Junpdud sty )
$(6UT33890443 ¢ JWSSI) HRESITI0413 2P0

{4084n373405) dpu3
sy} tpug
e
HANIN' T-xds0um) Axe 309
HUEALIRINO) 33 18
110 punosbyovqyxa)
HESEILERET
FI00ITBOABL =t LI
uibeg : o
o3
$(Adadun’ 1-xpaaym) Ax03 00
£10) penosbnonqyxay
Hpn)9e023xa)
RLIAAH0) 9310
R TR 2 E )
Qe U IR O
HITEI SEL = BLMK
g s |
10 WAMGD 31%)
utbag
D 1 NI
%
{ MR w0
o6 SIMpdn UNIIS A{TYR I0(d UT SUTIERS esun) SIYL "JOSIND UADIS By 40
USTIRIN| JN00IND 343 IR JOSIAD BUBRIJ0S © SaA0NRS 20 S0D010 2aRDI30LY LALTHY
HIBEIVE 1 ONANOD) JOSINI1H08 3aMPI0sy

{$30351604 Jeda3p
o)

30 230pdn 05 sen oA By BuTuInyued Aeudy) fatevL : WV
(U1 Indur pavoghey Kivsedesy) 1Sl 1 TR AAL

(Bryy w09y fiog 1 onams

(PIV00A0 0033 I0duT BTN 5y towg ¢ [ 4]
V013030 093 g0 Butyas uiv Jussuny HYy 1 LYINIVG
b0l 1 3000 Moy

taebaur 1 0N

{ g Aresedeay) faboyu] ¢ 1

( 3600035 901320| Josund Aswsodwdy) £036039] 1 AW 13WS
™

BVTIISINET3 40 (61 GIhvay = *laey

S0 30 (927" 13A0a = Butysacsn
Lo 3o [g° 13h0am = Bursysyybey
i)

{ R0J W RQLA P 20) Vs RT3V
HE'6'6°6°8°6°'6'9°6 6616 1 1) = Ja6aIN] o [41°°G)hvuw 1 OIS
{Uota1s0d MoJ WRATH Aur Jos JuaeNdR|dsIp A Josdng)
0°0'0%0"0°1's
TErTTTTrrrTrre'ee'e
'0°0°0'0%0'0%0'z
TEEPrTTTTTrrro'e'o'or = whner o 105t 13k ¢ as1g
{ T PRI 03 SSRPIR WEN10]) 199 = NOOTBOVRY
{ RITP A31JA o) sSauppr UEM(0D} 162 = XOOMGALIMN
(HO0EQ 30U ST SSasppe puseq 41 STy} buey))  00Cs = 13530
{ WSSO 10UIB Jog WP A) YT = ANOMNY
{ WUSSI 0040 Jo5 330NIP400D 1) H = XNOMMI
‘ e

{USTIIURS PISSINAADN JO VOTIRIN0 1IDU40D 405 ATIIVIP JR[TORED) (-0'-28)
( 8861 Awy  vaasmy B1eu)  Aq uajatm )
€ 4400 SITYIM SSATSNG [WOTINABIU] 0 1IVEIPRY) POUISTORN ® 5T g
U] C{WOTIRINIUL PURIJOE $0 XIISIPRIY PASNISTON ¥ ST [DISRg 04ung )
{ I 1400 {50g Jo wayshs Burynuado ‘og Je Mty
T UIIA UOTINI0 13480 UNSUD 0} JpJO UT LIRSSV 3q e sabuwyd
UIRIID) “JOLIRIP U0 INJ 9 USTIN[RAR By} Joj Jrd UT SO Slowa ® s®
PN 39 Aee 3] A(uo sasedund aatieaysn| |1 204 PRV ST Weuboud ay)
*PUROGAIY 3 3 30 LB, Bu10K} AQ POIIVTENR} ST weuboud )

*J4e83y Vot edT dde
STH) 30 4 VOTION6 UT PAqTIISED DIRJIAINT W) SJudedduT Wnabosd ay)

RO°C UOTSIIA |RI58] OQURL PUR OC°EC UOTSJA SO0-Od VATA (X)1v-0d WAL
4R BUTIN $23S0) UK STY PUR (D390 04M) VT ¥a3)1a8 ST SRUBeud STY) )

{ WR4604d UOTIRIISHOBI VTN W] )

LINALND" INANT) SBIE 40339330~ awe; Besb0.y



mos BUTSAIU 43340 UIn)y Burssaud sasn gy Aq pay1®> ST J23s16a0 Nwpdn )

tquvajoog 1 QMMI JRA ¢ aabagu] MO 93516307 3epdn Junpad0dd

(hang) tpu3
t{13640)300¢ =1 SNLYLS
finheg
3TN =2 (13849033904
1113544003 90¢ =2 SUVLS
FULIL
Wy =1 (13549013404
utbag
L1ab0u] 2 SNLMIS
Jep
(43351694 J032839p du0} AUt 0JUT A A ® s3nd agnpadedd syl )
HECRE Rl K 1, $2210g 3npar0yy

(522339) pu3
{(135440)3400 =3 SIYLS
SLLUIL |

191 =3 [135440)3J0d
1013544073400 =2 634399
H1Av g
191 + MINY =¢ (13549013400
utbag
£996930] 1 S4MLS
g
(49351634 J03083p o) Aur Jo INLRA JURIIND W) $PRRJ UOTIIUNY STYY )
Sa34g 3 (9348 ¢ WINY) B30 votjouny

{11370 Hpu3
£,0, =t (XYTT30 U3 , , = (XITT30 41 0P 8 03 1 =1 X 404
utbag
taabajur 1 x Ve
{S9040Z YITA JndUT PIROGAIY ® U0 SyUR|Q Gutpeay sade(day dJnpadoud 1Y) 3
$16u143534613 ¢ TID JRA) 11470497 npdd0Yd

(U930} fpu3
$(0)901023%9]
t(igy + T pom INDINIRITM
S(§1)901033%3)
${1-OIMNN'Z ATP INTIUIQINO UY3 T ¢ OIBNN 41
utbag
[GLE
fue jo saquey Aseutq ® se abajut ue $Ind3ne 34npad0ud ATSININS STYL )
$(496035] ¢ QIOIN'IND) VIGING 390p3204d

{avt-oy-Aueutg) tpu3
31 =3 Jur-oyAseutyg
(od) tpu3
Y304 + ¥IN0d =% ¥IM0d
104 + ML =t SEL VY T, = (DT 4T

utfag
op 1 ojumop § =2 | 404
10 =2 ABL 41 =t Y04

i uthag
$a06030] 5 M0 MAL'E
en
(963)uT |vET1I8p ¥ 0] J¥qEAY Aseutg JI6TP § U S343AUN VeTIOURS STY] )
tyabaju] ¢ (BUTUISIU6TI : T Jw) Wwitey-Aseutg veryouny

(PWI"119) P93
1) Pyl
BLAIE ]
£ H0B3 YRR Ax0 309
utbag
uagy 35|04 = ARG 41
¢ ea
0] = ONRR0
t(, InduT 34 Jshe Jageny y,)dbessaeioldl
utbag
way) NNOSTLIOIA 30% 3]
H§g = 0J 0 (Y] = LN 11N
a5y ipu3

(asey) dpu3

(#513) pv3
t1, 3161p |veDddp Pr(RAU], 300552830043
fany) =2 OYRRA
vibag
13
1) ‘3
fanag =2 PR3
(, PYIRAUL SyuR|qQ But|1ed), )abessaey0dd3
utbag

w34} (NN0JT110IT 41 ¢ ,
tahdf a1 QNNDSTINIOL ¥13
{31 pu3
fand) =3 ONIRRB

§(, sjutod |eetdip a{d13 (i, ) 9bessIeTI0N]

utbag
Uy} ONNOJINIGd 31 ¢ o
fand) =1 ONNOJLIOND 3.6,°7,0,
30 [0 #6W ¢ 8I°L
(ase) ipu3
(513 ‘03
8 pbrp Aseutq pr{eAu],)dbessawmaods]
fang) =2 ORI
utbag
13
W) =t ONNOALION : .T.0.0,
40 (00T 992D 1 61°9'S
40 MOYT ¥5¥)
14090 = 0N
Jeadey
0 =: M
$a5|®3 =1 QNNOJ™INIOd
fasiey =1 QNIOS7LION
$iv =t RS
utbag




{yIp1apurgssed-aburyyy pu3
HITWA'91Pang 3513
{41} P03
fany) =i QMG
8, burs o Ino an|ep, jabessawiod4)
utbag
Uy} £9 € WA 41
(MERLIBZTOIPUNOY = ITIM
$(3000°SE1 TRD) [*A
ST 11370097
utbag
tadbayu] 1 AL
Jep
(abrssam J0usd SIATD Jou 4T '4032333p WO}
0} IN{RA AU S)TUM PT{RA JT ~ YIPTA Purqssed AU jo abURd pL(TA Joj SAIWYY )
fueajoog : QUIDRG JeA ¢ ButaisIybTI @ TTI) WIPTATpuRgssedmabuRy) aunpadeyy

(G LTI g L R T E
HaNwA‘GI6auing 9513

i, abuey jo Jno anqep,)abessasoadg
uibag
UG} (0 > WA 90 (S62 < W) 3]
HEOT-({T-BEL)/¥BEIT) IPUNOY =t FTHA
3000 3L TR0} t2A
HTEND L30T
utbag
fa9b330] : SO
Jep
(3bessam 10492 SATD JoU 41 “J03d33p 0)
0} IN|BA AU STIA PI(RA 4T - IBUI| JaY (T4 AIU 30 Aburd PTiRA J0j S )
fueajoog : ovand JeA f BUTIISIUBTI 3 YT YIS |TIa)(13mbuRY) dunpadesy

(spLoysIII~abuRyy) tpu3
H(ATHA "N B3 4309
(¥sv) fpv3
.9,
A A
ton,
40 3dALTOOHSIML ¥5%) 3513
[V
) =2 ONRRA
8, bury jo Jno anjep,)abessaes0ay3
utbag
U3 SCZ ¢ VMM 41
$(0001/( SEL WLV NIVIEYL *0)#4SZ)PUNOY =1 I
$(3000° 331 TRO) 1*A
HTBI 1170437
uibag
S0960301 1 EL WY
Jep
TESME J044d SIATE Jou 41 ‘03093

U0} 0} INIBA RIU SIITIM PI(RA JT ~ PLOYSIJY) AU JO F6URY PT|RA S04 $HDN) )
Huvooog 1 NAAD
e L URy) 1 SAALTOHSTHL ¢ 6uTa3saub13 ¢ TI30) SPIoOYsIIgY-abuRy) aunpadouy

{IUe35U0d-set) Avemabuny]) fpu3
(3813} w3
HINWA'Z)634ang 3513
313 P93
fany) =2 OIIAR
iy, abury 50 3no Injep,)IbessawrI0un])
utbag
uagl (1 > WA 0 (G5Z ¢ IVWA) 41
SUU(MALH8)/1-)8x3-1) 84201 )PUROY =2 AT

. uibag
»13
1) pu3
) =2 oA
iy, aburd 30 3n0 In|ep, )abessaeiodd)y
utbeg
U3 0 = ARL 4
$(3000" 431 T 1%
Haa: SIRLECED
utbag
Y : SO
£

{abessam J04ad SIATE 30U JT '40}I3)IP U0} 0} In(eA
AU SIJTIM PY(BA ST — JURISUOD WL} 3dO|IAUS AIU JO IBURJ PT{RA J0) SXI3Y] )
f(ueajoog
1 OFLRRD R4 ¢ BUTIISIYBTT ¢ 11D Jurysuod-dwT)-Aud-dbuRy) aunpIdesd

{apowabury)) ‘pu3

(95} pu3

91 =3 MHLWANIVO 3513

1=t HOLWS NIV W43y L0, = (BITIRD 41 : .1,
o=t YOLWSNIVO ¢ 0,

$0 [L)TED: ¥5%)

H{TIINIT0y-Asrutg 1) Baving
vibag

{SUOTIRINI(®D J3Y30 UT PISH YOLWSNIYD F(qeTra wesboud sayep
—dn puR ‘J0}033ap UOY Y} OJUT JAISTHIJ IPON 3y} J0J IN|RA MV Y} SAITIN )
£(6utysiebt3 : T730) Ipowabury) unpad0yg

{10d3u0d-abury)) ‘puz
LMoy -Aseutgfoybaaing
utbag
(4033239p #U0} 3y} 03uT JAFSTORI |0JJU0D Y} 404 IN|RA A Y} SATM )
$(6uTIISINBTI 1 TTIY) (093ued~dbury] JuRpII0IY

tasbajuy : WA
s
{40329}3P U0} Y3 0} IN|TA MY

) SA}TUM PUR ‘40)D31ap U0} Ay} AQ POOYSIAPUR JIOY B OJUT IndUT JIsn W}

J49AUOD 0} S24NPIIOJd UM S3T Jo U0 S(|®D JA)ISI6IY 33epdn voljised Josind
uodn Butpuadag "priea St aniea Jndul 3y se buop se ‘weaboud ayy oJuT wiep



(MLTPRY) fpu3
£(0)40103)x31
ase) tpu3

HE ALY TR
HERLE | "
£(,0,091tm €1
HEALRE ] u
HE ALY ] "

HI-M0)91 1M 3 01778
RO AU IO
HE THELE IO S
HE BRI I €
HLeMmntm e 20
10 310 %)
H(p1)I01033x3)
[CTE T
P ANTH
£{0)49103x3)
200 - U0 =2 MU0
utfag
13
{313 p3
£0)d0 023X
H, NOMAG, 1ITUN
H(p1)401033%3)
002 - IO =2 A0
utbeg
Ll ARG 1T
42)633339 =1 M0
+(8'%0070)Ax0309
utbag
taebau 1 q
oY
(4030333 U0} woJy
PEIS an|A S3Nd3N0 puR S3JUIAUD ‘AR{dSTP JTISTP LG 40 JJBIS J® JOSIND SRy )}
L 4107PRRY 3INPA0IY

(Ipow-peay) fpug
418" (1)690339)u1q3np
(9" %0791 Ax0309
utbag
(4012933 o)
1d5Tp 42351630 2pow j0 Ju®}S J® Josund sOR|J )
fapowrpray aunpadrosd

w0J3 PRIJ N |BA S3NdYN0 pue

{smnsTpray) fpu3
(8" (01634390 1930
46" 00M9)Ax0309
uibag
{J0}2333p U0} wouy
PRIJ In(vA SIndIn0 pue Aeqdstp JAISTORI SNIBYS Jo JUwyS JB JOSIND S|4 )
1503R3STPRIY IUNPAIOIY

Laabayu] @ 1
o
{Jrea04
AR{dStp ay) OJUT J03IFJIP Fu0) ) WOJ4 PRIU SIN[BA JJIAUGD 0} usmy UL
$34npa30Jd [PUJIJUT UMD S)T S{{®D an[RA pras 3jepdn ‘Butpuad st Butssasosd
Indut preogkay ou s® Guo| 5B A{SNODUTIE0Y PRLIRD ST IN[BA PEds 2yepdn )
N Lan{RATPRISTIIRPON FIRPII0LY

(aastbaraiepdn toul
(¥5e]) pu3
HESTITYLTILINN 491957993 | 13736urY) 61
(VTR 710N (MO T LI Iy Aouanbasy~abury) 3 g1 7El
HOMNARE" D, [ZTITRYLILIEM sploysduyabumyy = 71
LW LTTIGULTALIEN uIptApuRgssed=abuey) 1 11
(OU13 (0T ITEVLALIMN WABUa| ~uny 1yabury) ¢ 01
HONRE" 1, [81TIYLILTHR) SP L0ysaay) ~abury)
HOMIRD0' 0, [BITYLTILIMN) SP L0YSI Y} ~dburyy
(U003 ( )TIEWL LI Jue)suod-omtymauamabuey) :
H191T70Y1 73 1MN) dpow-abury) :
H([GITMEYL™ILIUM) 1043u0d"abuRy] ¢ s
10 Moy %)
{4a3s16as-ayepdny uibag

© ~ © o

(3291357933t 149buryy) ipu3
LwA‘SDBanNg
T30V WT0yASRETE =2 N
vibag
{4033313p U0} Y} OJUT JIISTOAJ 139(3s JAIT|J Y} 0 IN(RA M 3y} ST )
$(6uTs3sIYBII ¢ TTI0) 3I9(9S~ud3[1479bury) 2InPRIO4

(havanbasy—aburyd) ‘pu3
{#513) o3
HAYA INVEHE) B2a0g
19GZ POM (MLNT6T"BIPUNOY =i ATRA
HITWA'S) 6330
96T AP (d3L#Z41°8)PUNOY =3 WA
utbag
EHE]
1 P93
RUTRSR at e c]
i, burs jo Jno aniep,)abessiw-Jods3
urbag
uay} 00vE < M3l 41
13000401 TR
HTEN L0
utbag
QLR 1)
¥

{abvssae J044d SIATE JoU 41 ‘033233p W0y 0} SIN|RA
A S311um pUR 54951620 334q S pur 334q sy Adunbady gy eul pawmesbosd aq
03 SIN(RA 43 0} 53JIAUGD PI(RA 4T - AJusbauj meu Jo IBURS DT{RA 303 SYI3Y) )
t{ues|oog

t
LR A ¢ 996931 : O ¢ Buruasybr3 1 TI)) Aouanbassmibumyd aunpadedy



5001, = ZI3WVLUINM
000, = (TN
L0827, =s (ONTMVL LI

Los 38 [IT\YL 7T
L0010, = [8)TEVLTIUIM

£00°1 L s LITWRYLTALIN
£,00000100, = [9)3WYL 2L 1M
£,00000000, =2 [SITVIIUIM
fanjea—pras-ayepdn

farv01003x3)

19491 (RUBTS 12301, )93 H(61 GH)Ax0309
(9831 [#uBYS 9 puvg,)aytim £(g1‘Gy)Axoj00
19A3) [eubls g pueg,)a31am (/1"gy)Ax0300
13A3( [eub1s 4 purg, )33t (91 cy)Axoyeg
[3A8| (vub1s £ pueg,)a3tum (51 cy)Axo3eg
(3831 (wubrs 7 pueg,)93tun ‘Sr)/xeg09
19A9( 1vubYs | purg,)93tum (g1 cp)Axojeg
ST I3 JUaInY,)331um (11 Gy)Ax0309
W13 2unyddp 0L, )TN (O] ‘Gy)Axo30g
I {RATIIY 2U0), )TN E(4 Cy)Ax0300

Hooaatm ST 31610 MU0, )TM  (8'SHIAx0309
.9 B Jays1bay  300M, )TN (9'gh)hxejeq
e ALLE 4aSTBY SN1YLS, 10T (g gpIAxoeg
HUSEITRE]
H,SansT0NY ey, )33 1M (8 0G)Ax0309
HIT1)901033x3]
B P 493114,)93 1 41 °1)Ax0309
BN Aauanbass 9 pueg,)a3rum {(g1*1)x0309
BRI ] £3uanbavy ¢ purg,)a3tm t(/1°1)hxo309
B

Aouanbasy y puvg,) a3t {(91°1)4x0309

BT A2uanbayy ¢ purg,)a3tam {(S1*1)kx0309
B Aouanbauy 7 purg, )93t £(y1'1)kxo309
BRIY ] Aouanbasy 1 purg,)atam £ 1 )kx0309
BLNY ] P1oUSa44} 36uvy), )a31em (Z1°1)Ax0j0g
B ] YIpI purqsseg, a3t

BUIY ] wbuay a3 14,)931m

BUE ) PLOYS2IYY Jomo, ja3tan

B PLOYsauyy Jaddn, )a3tun

LY 1ursued Wy one_o>=m\=:.’

B 9516 30w, 193

RIS 93516 WYIND, )31 b

(5905160 a3t 3931
HInydotexay
IMONII00LSALS = 00
S =1 My
by =t HOLWINIV
uibag
{599351680 350y} speo
PuR $13)51600 1030033 Wey ((® so0y SIRA |PIIIOT ‘Av|dSTP UBILDS dn 5395 )
903003900308 T [R131U] 3unPATOIY

(IATPI MY i3
Hy1190(033x9)

4,2,) 0813 pray
.0, %013 pray

FeISTpRay
L?se_eu«xﬁ.

X070V =t X0M

{RATPRII R epdN) utbag

(133 "prayy tpu3

1)40(033%3)

0= 3L YN (S'Y > SAL) 41

LRIV (€' SHIMSRY) = &3l

HOWE481690399 =1 1My

UONVBHZT 74000 1Ax0309
utbag

ey sy

HLCENS 1
Jep

{993 1 Wod) BULIUIEIOUT ONYG Y3IM UOTSSRIONS UT samty

XIS P3L[® ST 2unpad0ud STY| *403da3ap auo) W04} PRIJ an|RA $INAIN0 pue purq
Aouabasy padtnbay ayy voy Ae1dstp (9a8] |eubts jo 1S 30 Josand sadeyy )
HIIIUT 1 QW) 19801 7pRaY aupad0y

(e fpuy

HyT )01 033xa)
0798859 + 1S = 1MSH U3 0 > ISR 41
{#5%3) ‘fpuz
‘pu3
H81694389 + 957 + (21694339 a1 J(nsay
HIT o000 Ax03 09

vibeg : 3,
fpe3
H91694390 + 967 » ($)699399 =1 3 |nsay
O ero0miAxo309
uibeg : g,
g
191639196 + 957 2 (£)60u399 =3 3 |nsay
$H6'eoxa0) Axo3on
utbag : Ly,
3§ WL ¥
uthag
HwWY ¢ M
L]
{4030933p auo3 wouy ety |PATUIE pue ety WNJIdap ‘aety Jussand
40 MITA JeIsId 5indyno pue speay ‘he1dstp sm1y 30 Jums 3% Josand SOy )
HIND 1 L) WILTIRY aunpadedy




S(ACY)TIVLAUINN =2 TTI0TAEL
{{MONI00LSYIA =2 W
$9THOYIESIC + 0N =i MY
utbag
(3
[MON]MOLSHIA =3 00 YHI WA 41
H{OARA OY) 49351634-330pdN
STII"A01 = (WOYITIRULILIN
ubag
Y ORI 10V $1
S(OMSRE 00" A0M T30~ 311 1IHI7 (1
L(0)405nI73408
* (0N 100+X0078 1 Ax0309
utbag
(araanand A3 34 30 BRI JUMSIIE W) Yie Buta)s Asesoded)
3y} SPRO| PUR ‘UROP JOSJAD 3405 ) SIA0E Sadnpad0dd WOHD (13> W) 03 In(RA
W) SINGUT ‘an|BA JRINDTIING B Jog AUJUd BIEp SHINTENN adnpadroud styp 3
SQUTMIN UNPINOLY

chawareieg vl

$11)40540073405

£(MGH WO WHAX0309

4 00 =2 WO UNI 8> WD 41

0 = (WIITIAEL

LMD TN

£(0)4054ND73308

£(n0Y* 1004078 Ax0309
utbag

(Aarssa0au 41 JUSTJ By3 03 JOSJND 3408 Y} sdace
pur ‘buts)s Asesodwd} ) ojut AJjus J1aenu pavogiay B SN} sanpadoad sty )
$403uaT Y] 34npad0Yg

{Nbta-desang) ipv3
o1y g
(1) 9054037} J05
110y 034004 0309
H+WM=2 W
£(0)4054n273405
(M0 T4 AX0300
utbag
il 8 > W 41
utbeg
{(8 USR[03) MOPUTA 3N|PA UTYIA SUTREY
JO§4r) "UsaSdS uo JUBTJ 03 JOSUND 3305 PUR UOTIEIO| JOSJIAD JURIIND SIAMY 3}
$3451J-4054n) 48P0

(349(7J0sandy tpeg

G1 i
$(1)90840073 405
£(H0Y " 100+ X00 W VAX0300
- W0 = W
£(0)J084n2"3 408
£ (0 OO W HAx0309

utbag

U} [RON)00LSNIS < 00 §1
utbeg
(Avase OLSHIS A¢ UdATE sajemeind (OB JO5 MOPUIA SN{TA VIYIIA SuTeEss
JOSIN) "WARIIS UG }J81 0} JOSIND JHO5 DUR UELIRIOY JOSUND JUAJIND $IAGY )
$3497J0840) 3APIIOIY

(wnop~Josang) {pe3
“n g
HUTU S Bt
£ (00N W00 1AX0)69
LIMOYITIVYLTILIN =3 TTTABL
{(MON1T00LSYIS =3 M0
HZHA0HIASTO + AW =3 MDY
HINOUITIEL LI 231
£(m0y" 1400078 14X0360
utbag
U NIRRT IV 3]
utbag
{unep s3A0M nq ‘dn Josund Joj Sy )
SUROPTIOSINY INPIIOI4

{9n=J054M]) pu3
{31) »93
${1)J080073 305
UM Y0WR0 W HAX0309
$[NONI00LSHIS =2 WD
SIGHITVL AL =2 TR AAL
SLHZHIONISSIA - MOY =3 MOY
$(INOHITIVL 2L THM) 3T
(M0H " 190076 Ax0300
vibag
U} RN IOV 31
urbag
{dS1Q AraJe AQ USATE ST pUT ‘UOTIEIO| JUININD uodn spuddep judedde|dstp
1313487 “UBRIIS 4O AR JOSIND }405 PUR UOTIRI0| JOSIND JUIJIND SBAGH )
1An—208n) 30pII0YJ

7_2uouos|!3|«:—a—:—_: »v__w
HT)esInO7YH08
HMONITIYL LTI =3 TEO 4GL
£y 14)00°9) Ax0309
i = Y
[C2 ]
(OULARQ 1) J93S 160070 epdn
HCITTRVLIULIEN TN
HI' 1008 Axeq00
u163q op 41 03 § =3 [ 304
£,11111100, =& (61)TEVLIUIM
10006, =t [BIINEMLLIN
L0062 . =t (LIITWNLTAUIN
14,0000 . =t (9TITQULALIN
L0001, =1 [SHITWVMLTAUIN
1,000, =3 [YDITWOLLUIN
1,006 o=t (ENITWLALIN



pu3
tnsuy)
HObL = Qo) o (LB, = QM) (T3un
fan|eaTpragTayepdn 953
40 pa
{52} fpu3
fautmay at g
HAayuaereg wagy £ = Moy 41 ¢ I
Aueteang Lttt g 6,000,
40 B %)
40 g
(95w} tpuz
SUMOP=JOSIN] : (8¢
f3ybramdosuny ¢ 8
13917054 1 gle
KLU NTENTS I 7 Y
10 B ¥5%)
HOND “POX)pRIY
uibag
43 PISSIIGAaY pur (128 = @) 41
JU S
vtbag
Uy pIssIIghay 41
jeaday
£4032939p™9u0}~ 95 (RT3 1u]
HRIO0Nd NOTLVNLSNOMIT NOTL33130 3NOL. )U(23T1M
#(1'02)Ax0309
(PR 73]
HGI)40(033x9)
nsayg
HANDNT 3PSy
HANJLNDY 33 Tumay
utbag

(uLaN) fpuz
H(1)4054n2"} 308
(04" 00+ X0 ) Ax0309
{#) ipug
(2513 3



Appendix C
Power Detector Operational Considerations

C. 1 Arrival and Departure Time Skew

The use of a large time constant 7 for the envelope decay factor results in a greater
time delay between the appearance or departure of a tone and the envelope detector output
crossing a threshold. See the section ‘‘Envelope Decay Factor’” for details of the envelope
decay detector.

If the signal level on the line changes to S at time t= 0 when the output of the envelope
detector is EI, we may determine the time t taken for the envelope detector output to reach
a pre-defined threshold level L as follows:

t=— 7 X In[(S—L) / (S—ED)]
For example, at time t = 0, the output of the envelope detector EI = 0 and the

upper (arrival) threshold level is set to —20 dBm, a signal appears on the line at a level
of —10 dBm.

Therefore, when =0,EI =0
S = 10(-10/20) = 0.3162
L = 10(=20/20) = Q.1

This gives a value of t = 0.387 for the envelope detector output to cross the arrival
threshold.

In the case for tone departure at time t = 0, the output of the envelope detector
is stable at — 10 dBm, and the lower (departure) threshold is set to —20 dBm, the signal
on the line departs.

Therefore, whent = 0, S = 0, L = 0.1 as before
EI = 10(—10/20) = 0.3162

This gives a value of t = 1.157 for the envelope detector output to cross the depar-
ture threshold.

The skew between the delays for the envelope detector to cross the arrival and depar-
ture thresholds is thus 0.777 in this instance. This skew obviously increases as the envelope
factor 7 is increased.



C.2 Sampling Frequency Considerations

Due to the envelope detector assessing the level of the signal on the line by rec-
tification and smoothing, anomalies arise in its behavior when the signal being rec-
tified is a pure tone at a frequency which is an integer sub-multiple of the sampling
frequency of 8 kHz. This effect is most significant at 2 kHz, where the signal level
assessed by the envelope detector may vary over the range of +0.91 dBto —2.1 dB
relative to the true signal level. If the output signal differs from 2 kHz by a very
small amount, the envelope detector output will vary over the above range as the
phase of the signal slides past the sampling instants. Ensuring a hysteresis band bet-
ween the upper and lower thresholds of at least 3 dB will avoid the possibility of
a series of apparent tone arrivals and departures in the presence of a steady pure tone.



