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ABSTRACT 

I In this research proqram the feasibility of usinQ ultrasound to detect 

~oncealed handguns has been demonstrated (Phase I) and the development of 

I .:tn Ultl"'sonic: HandQun Detection System was carried out <Phase In. 

I In Phi..'l.se III/1 the development of the diqital electronics harcJwt"re ancl 

aoftware portions of the field test unit has bequn. 

I 
The particular ultrasonic technique used is called the Modal 

I Excitation Technique (MET). This technique uses ultrasound to excite the 

11::\tt.lral lTJodes of vibrat ion of the tarqet ob,iect. The set of Natura 1 

I Fr'eqLlencies of an ob.iect is a distinctive "'siqnature'" of the ob.iect~ this 

'siq,1ature' can be used to diDcriminate between different types of ob.iects. 

I 
Tn Phase I of this research proqram. the set of Natural Frequencies 

(th(? "siqnai:urc-?"') 0 eiqht handqLlns and some nonqun ob,iec:ts commonly cart~ied 

I 
about the body were experimentally determined. It was shown that the 

~'iiunature' of the handquns could be distinquished from the 'siqnature' 

I 
the nonguns. 

I 
In Phase 11/1. the development of electronic units for transmittinq 

al1d receivinq airborne ultrasound relevant to handqun detection was bequn 

I 
and preliminary ultrasonic: systems Were tested. 

I 
In Phase II/2. the development of a Field Test Unit was continued. a 

Demonstration Unit was desiqned and built. and the biohazards of airborne 

I 
'.lli:ri:;ISol.lnd were investic:rat(;;d. 

I 
I 
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In Phase III/1. The development of diqital electronics and the 

~5scciated software was bequn for a Field Test Unit. A Demonstration Unit 

utilizinq the diqital electronics and software developed was desiqned and 

btl i It. 

On the basis of the proqress towards the development of the Field Test 

Unit. alld the success of the Demonstrr.;!.tion Unit. it is recommended tha~ 

further work be done in a Phase 111/2 effort to complete the development of 

::hl'~ Fi.eld Tc~mt Unit and beqin field testinq. 
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PREFACE 

I Tl1is report was prepared by the Enqineerinq Science and Mechanics 

Department. Univerity of Tennessee. 310 Perkins Hall. Knoxville. TN. 

:.::7966-:2030, under' Award number 83-IJ-CX-005:2(S-3) for the National 

Institut~ of Justice, U.S. Department of Justice. Washinqton, D.C. 20531. 

I 
This Report summerizes the work done between March 1988 and October' 

I 1988. Phase IIIli - Electronics Development for a Field Test Unit. 

I The NIJ Proqram Monitor for this research proqram was Joseph T. 

Kochanski. Actinq Director. CCCR. 
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I INTRODUCTION 

1.0) Overview of previous work 

Previously. in phase I and II of the NIJ project on ultrasound 

detection of concealed handquns. much was accomplished on the theoretical 

and practical sides of this problem. Primary questions. such as. do cuns 

have n~tterns of modal excitation which could be used to identify them. 

can these modes of excitation be acoustically excited. and does the enerqy 

required for the acoustic excitement pose ,any bioloqical hazard for people 

in the area of the dispersed enerqy. were asked and answered. 

In phase I of this research proqram. the set of natural frequencies 

(the ,"siqnatLlre"') of eiqht handquns and some nonqun objects commonly 

carried about the body were experimentally determined. It was shown that 

"'siqn01ture'" of the handquns could be distinquished from the 

~siqnature' of the nonquns. 

In phase II/l. the development of electronic units for transmittinq 

and receivinq airborne ultrasound relevant to handqun detection was bequn 

and preliminary ultrasonic systems were tested. 

In phase II/2. the development of a Field Test Unit was continued. a 

demonstration unit was desiqned and built. and the biohazards of air~orne 

ultrasound were investiqated. 

1 
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I 1.1> Overview of current work - Phase III/1 

I A~ter the completion of this preliminary research. it was decided that 

a small, mobile, inexpensive. and quick Field Unit should be developed to 

I carry out the ultrasonic detection of concealed handquns. ·n order to 

I 
carry out this task. the operatinq philosophy was to streamline the desiqn 

by usinq off the shelf components wherever possible to achieve the aims o~ 

I 
reduced costs. improved reliability and availability. reduced development 

time. and reduced si2~ and complexity. Also. the aim was to come UP with 

I 
a system which would be suitable and useful in the real world of airports. 

offices. and lobbies; and which would require no resident expert to 

I 
Dperate. 

I 
The system under development for phase III of the project meets the 

goals of off the shelf construction and obtains the benefits which accrue 

I 
ft~om this type of desiqn. Software \'ias able to be written in "c" which is 

an excellent lanquaqe for microprocessor based systems under development. 

I The hardware / software interfaces were therefore efficiently desiqned and 

implemented. Work on the pro.lect has proqressed to the point where 

I tr"ansducers af'e the sUbsystems of ma.ior interest. 

I In order to achieve patterns of modal excitation which are 

d istinqLlishab Ie from the accompanyinq noise and reverberation in any 

I practical Field Unit~ transducers must produce sound of sufficient power 

and evenness to saturate a larQe field in which a suspect qun may be 

I The qun may be concealed. in which case the sound will have to 

pass throuqh the concealinq material and excite the qun. The sOLlnd from 

I the e;:·::cited qun will then have to pass throLlqh the concealinq material. 

I 2 
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and then a receivinq transducer must pick UP the resultant sound. alono 

with whatever other sound is present. 

part ion of the system. Because of 

and convey it to the calculational 

this sequence of events. the 

transmitting transducer must be able to pro.iect very 10LId sOLlnds to be 

able to reach the qun and excite it to a significant deqree throuqh a 

variety of possible concealinq materials. It must also be able to 

saturate a larqe field since the oun may be anywhere within this field. 

On the receivinq side. the transducer must be able to pick up the 

siqnal at a much diministled level from that of the transmitted siqnal due 

to attenuation through the material of concealment. and due to the dyinq 

out of the modal excitation response. The receivinq transducer must also 

be able to pick up signals cominq from anywhere within the area where • 

gun may be located, reqardless of the direction of the qun in relation to 

any axis of preference for the receiver. 

Because of the difficulty in satisfyinq these requirements for the 

operations of transducers in the system. this area is the probable focus 

of future work for a Field Unit to do ultrasonic detection of concealed 

h,:H1dquns. 

Currently, the development of the Field Unit has progressed to the 

point where sounds are confiqured to a specified design. sent. received. 

encoded, and analyzed in a system desiqned and implemented with off the 

!;helf components. 
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Figure 1.0 - Bleck Diagram of Preliminary Field Test Unit 
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The rest of this report will describe the various subsections of the 

·F i e 1 d un it. The report is divided into sections on the hardware 

comprising the unit. the software comprising the unit. and on some of the 

research undertaken to further develop the functionality and efficiency of 

the unit. Finally. a section is included on conclusions and possible 

future directions for the pro~ect. 

II HARDWARE 

2.0) Description of hardware 

The system hardware and softWare needed to be extremely flexible 

b~cause we were not sure on exactly what the final system would be like. 

Thus by having a very general system from the beqinninq we could 

Dxperiment with different approaches in both hardware and software quite 

aasily. With this in mind, the complete testinq system was desiqned to 

h.:;\ve the followinq ch<"1racteristics. 

2) 
:::: ) 
4) 

5) 

I':. ) 

The complete system must be operational by lab technicians with 
little or no knowledge of the system. 
The system needed to be somewhat portable. 
Cost of the system shouJd be kept minimal. 
The system should allow for virtually any type of complex wave 
transmission between the frequencies of 20 and 100 Khz. 
The system should be flexible enough that virtually any type 
of siqnal analysis could be used in signal detection. 
The system did NOT have to be real time. 

We selected early on to base our developments around the IBM PC. It 

provided a very larqe base of existing hardware and software products from 

which to choose from. Also because of its low cost and portability, it 

5 
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provided an excellent medium fer upqradinq towards a les5 flexible, 

faster. more efficient system. 

To provide a system that would be useful in testinQ various different 

types of tranEited waves. and multiple siqnal processinq alqorithms. the 

hardware needed to be very flexible. This implies hiqhly proqrammable 

hardware. which is another reason for choosinq the IBM PC. 

2) 

:::n 

5) 

6) 

7) 

The qeneral hardware system desiqn Qoals are listed as follows: 

The Transmitter must be capable of transmittinq any wave 
that has been specified: 

a) 
b) 

c) 
d) 

The 
a) 
b) 
c) 

F'oint by Point. 
By an arbitrary Formula. 
By an arbitrary Window. 
By a previously RECEIVED wave. 

Transmitter should have a: 
Fully proQrammable Attack time. 
Fully proqrammable Sustain time. 
Fully proqrammable Decay time. 

The Transmitter should be accurate enouqh to ensure that 
transmitted noise would be below the backqround noise. 

The Transmitter should provide at least 120 db of sound 
across the 20 - 100 Khz frequency spectrum. 

The Receiver shOUld be able to provide a minimum of 60 db of 
dynamic ranqe. 

The Receiver should be triqqerable from the start of the 
Transmitter. with some proQrammable delay, 

The Receiver frequency response should be flat to within +/
.5 db from 20 - 100 Khz. 
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---_.------------------------. ----------------------------

For more detail on the usaqe of the system refer to the Software 

section. 

The First approach to the hardware consisted of a board external to 

the IBM PC which provided tho" above abilities. It however was extremely 

slow and because of this. not very usable. To down load a typical wave 

would take over an hour to calculate and transfer to the board. This was 

deemed to slow for even a workable prototype system. A second approach was 

to place the system RAM inside the PC and to use a co-processor. The only 

external device to the PC would then be the AID and DIA subsystem. This 

system worked very well and provided quite a usable system. A detailed 

discussion of the final hardware desiqn follows. 

2.1> Hardware Components 

The hardware is comprised of several blocks connected toqether as 

shown in figure 1.0. The Power AMP. Tweeters. Mike & Pre-amp. are 

completely e::o::ternal to the PC where the AID Converter, and D/A Converter 

have hardwar~ internal and external to the PC. The Co-processor Interface 

and the Co-Processor itself are com~letely internal to the PC. A overview 

of the hardware desiqned follows. Because the hardware was desiqned makinq 

extensive usaqe of Programmable Loqic. it is difficult to explain in 

detail the low level operation. In view of this, the listinqs for all the 

Programmable parts are given in the appendix alonq with specific comments. 

For more detailed schematic listinqs also refer to the appendix. 

7 
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2.2> The Power AMP. 

The Power AMP used i~ the Hafler series 550. This FET AMP is capable 

of outputtinq a sustained 550 watts into 4 ohms with .01% distortion from 

20 to 250 khz +/- .1 db. It is also capable of outputtinq over 1000 watts 

for short periods of time under the same SP.~s. It was chosen because of 

its electrical specifications, and it is commercially available for less 

than 500 dollars. The AMP proved to be very powerful. ruqqed, and 

extrem~ly useful. 

2.3) Tweeters. 

The Transmitter chosen at first was based on the ribbon tweeters 

develoJed by Maqnipan Speaker Corporation. We used these because they 

provided a purely resistive load of about 4 ohms. a bipolar. extremely 

tarqe radiatinq field. and were commercially available. The first tweeters 

we tested with the system provide a flat frequency response up to about 60 

Khz. We thought that we would be able to brinq the response up to around 

100khz with minimal work. 

After workinq with the people at Maqnipan. we were a~le to increase the 

frequency response UP to about 78 khz (3 db point). As we suspected, the 
• 

limitinq factor in frequency response was the mass of the ribbon. We 

tried various less massive ribbons and were able to obtain even hiqher 

responses, but the ribbon became too fraqile to be practical. It became 

apparent that this approach needed much more work to be practical. We feel 

that siqnificant improvement in this area is possible. 
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We ended up using the transmitter array that was developed in phase II 

of the project. This array consists of 10 of the Polaroid ultrasonic 

transmitters hooked in pat~aJ.leJ.. They were mounted in a circulat~ fashion 

on an aluminum plate about 6 inches in diameter. This provided a 

directional and small transmitter field, but we were able tc transmit over 

135 db of sound +/- 3 db from 40 

detail in the last report. 

100 Khz. This array is documented in 

2.4) Microphone and pre-amp 

The Microphone & Pre-amp used were based on the desiqns from Phas~ II 

of the pro.iect. It Llsed a sinqle polaroid Llltrasonic receiver with special 

pre-amplification and frequency correction circuitry. It proved to be very 

sensitive the frequencies from 35 - 100 Khz. It did not have a flat 

frequency response (+2 db, -8 db). but because of the digital signal 

processinq used, were able to correct for that in software. All in all the 

Microphone & Pre-amp proved to very well desiqned, and practical. There is 

~ detailed desiqn of the Microphone in the last report. 

We do feel that siqnificant improvement can be made on the sensitivity 

of the mike. By exploitinq different technoloqies such as a laser mike, 

atomic scatteriQq, different capacitance membranes, etc. we feel th<:\t 

another 10 to 20 db of sensitivity could be achieved across the 

frequencies of interest. 



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

2.5) AID Section 

The AID converter is really a stand alone hardware section that is 

capable of diqitizing up to 128 K samples at 1 Mhz with 12 bit resolution 

and 11 bit. accw"'acy. It is stand alone in that once started. it requires 

no intervention to operate. This was deemed necessary so that the main 

processor could be workinq on the previous samples while the AID converter 

was takinq new samples. In effect the AID converter works in parallel with 

the main processor. The number of samples diqitized is proqrammable from 

1 sample to 128 K samples. The diqitizer also contains a proqrammable 

triqqer that provides delays from ius to .128 seconds. The AID section 

contains 4 main blocks as shown in fiqure 2.0. Because of the extreme hiah 

frequency noise in the power lines and siqnals. we placed the AID 

converter and Filters outside the PC on a separate board, with separate 

power supplies. The Control section and RAM was inside the PC. 

2.6) AID Filter 

The input filter section contains a Low Pass Filter (LPF) and a Hiqh 

Pass Filter (HPF). The LPF is used to remove the frequencies above 150 

Khz. It was desiqned as a 6 pole Chebychev to provide a minimum of 72 db 

attenuation at 500 khz in order to avoid any aliasinq. Its pass band 

ripple was +1- .3 db across the ranqe of 20 - 100 Khz. The HPF is used to 

remove frequencies below 10 Khz. It was provided to remove any DC bias and 

noise at the lower frequencies. The circuit performed as indicated. The 

complete filterinq circuit is shown in fiqure 2.1. 

10 
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Figure 2.0 - AID Converter block diagram 
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Figure 2.1 - 6 Pole Chebychev LPF for AID C(Jnverter 
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2.7> AID Converter 

The AID converter used is an Analoa Devices HAS-1201. This is a 1 Mhz 

bit h0 r id converter. We chose the hich freauency conversion rate 

because of the extra accuracy we could cet by oversampelina the input. 

This part proved to very reliable and accurate. We were able to achieve 11 

bit accuracy and 12 bit resolution from the device. Accuracy refers to the 

actual d iq i tal code generated vs. the actual inpLlt vol t ... Qe. Reso lut ion 

refers to the total number of different dicital codes possible that are 

monotonic. This part provided 72 db of dynamic ranee in theory and we were 

able to get about 69 db dynamic ranqe. The loss of 3 db was due to the 

noise in and around the part itself. With proper circuit layout and around 

planes an extra 3 db increase in dynamic ranqe would be possible. We felt 

that 69 db was fine for test ina, and did not pursue this. The schematic of 

this part, is shown in Fiqure 2.2. 

2.8) AID Controller and RAM 

The RAM is contained in the control section and would be best 

discussed in con,junction with the control section. The RAM for the AID 

converter is made of 8. 32K by 8. Static RAMS. confiqured in a contiquous 

128K by 16. The purpose of the RAM is to store the incominq samples in a 

continuous fashion. The control section is proqrammable with the inputs 

for two pointers, a control reqister and a triqger delay counter. The two 

pointers are 24 bits wide and are used as address pointers to tell the AID 

converter where in RAM to START and STOP recordinq. This provides the 

····1 
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ability to break RAM up into separate segments for use in multiple 

recording. The 24 bit trigger delay counter is programmed with the number 

of microseconds of the delay. When started this counter counts down to O. 

When 0 is reached, the AID converter is st'rted. This counter provides the 

ability to delay from 1 microsecond to .128 seconds. The control register 

is used to control the various modes of the AID converter section. A 

single bit is used to enable or disable the trigger delay, Another bit 

determines whether the AID converter will WRITE over RAM when recording. 

or will ADD the current value from the AID converter with what is already 

in RAM. This is useful for averaging. The AID converter can ADD up to 7 

samples before an overflow might occur (The RAM is 16 bits wide. 12 bits 

are used for any particular sample. 3 bits are allowed for overflow when 

adding multiple samples, and 1 bit is used in the control section). 

All the logic in the control section was implemented using standard TTL 

and GALs (Generic Array Logic from Lattice Semiconductor), These GAL 

devices are electricallY programmable and erasable. They were chosen 

b8cause we could keep the parts Cbunt small. while allowing for a great 

deal of design freedom. and they are very inexpensive (each GAL can 

replace up to 15 cr so smaller TTL devices>. Because of the GALs being 

proqrammable the schematics were drawn with a different symbol for each 

GAL. indicating the various signals. The entire control and RAM section 

for the AID converter is given in Figure 2.3. 
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Figure 2.3 - AID Converter Control Diagram 
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2.9) D/A Section 

The D/A converter is similar to the AID converter in that it tbo is a 

stand alone system. Once started no intervention from the main proceSSL~ 

is required. The D/A converter section is used to convert the calculated 

digital values into an analoq form suitable for transmission. We decided 

to make the D/A converter a stand alone device in order to relieve the 

Inain processor so that it could be doinq the spectrum analYHis on the 

received signal. There are 4 main blocks in the D/A section as shown in 

Fiqure 2.4. The actual D/A converter and the anti-aliasinq filters are 

external to the PC, while the D/A RAM and controller are internal to the 

PC. 

2.10) D/A Filter 

The input filter section contains a Low Pass Filter (LPF) and a Hiqh 

Pass Filter (HPF). The LPF is used to remove the frequencies above 150 

Khz, and the HPF is used to remove any potentially damaqinq DC content in 

the system. The design, implementation, and a~curacy of the filter is 

identical to that of the AID filter section. The schematic for this part 

is shown in figure 2.5. 
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Figure 2.4 - D/~ Converter Block Diaqram 
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Figure 2.5 - 6 Pole Chebychev LPF for the D/A Converter 
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2.11) D/A Converter 

The D/A converter used is a Burr Brown DAC-850-CBI-I. This is a 1 Mhz 

12 bit monontonic converter. We chose the high frequency conversion rate 

because l·f the extra accuracy we get by filterin~ down the input to less 

than 120 Khz. This part was very cost effective for its accuracy. We were 

able to achieve better than 11 bit accuracy and 12 bit resolution from the 

device. We were able to get about 69 db dynamic ranqe. [similar to the 

AID converter. the 3 db loss was due mostly to the noise in and around 

the part itself. Again. with proper circuit layout and qround planes the 

extra 3 db increase in dYnamic ranqe would be possible.] After testinq it 

became clear that we only need about 50 db of resolution. so 69 was quite 

adequate. The schematic of this part is shown in Figure 2.6. 

2.12> D/A Controller and RAM 

After the wave has been created (see software section for the actual 

wave creatjon) it is stored in D/A RAM (128K by 16 bits) by the main 

processor. Once stored. ~nd the mode reqister set, the processor need only 

to issue a START command to start transmitting the wave. Each wave point 

is sent to the D/A converter at a rate of 1 Mhz. Once the transmission is 

completed the controller provides a FINISHED flaq to the processor. This 

allows the processor to know the state of the transmitter. The mode 

register controls the two modes of operation of the D/A converter. 

The first mode (sweep mod~) is the most qeneral but only provides up 

to .128 seconds of transmission. In this mode. once started. the D/A 

20 
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Figure 2DO - D/A Converter Ie 
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Figure 2u7 - Attack. Sustain, and Decay Waveform 
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section sends 12 bits of data (the lower 12) to the D/A converter 

starting from location 00000 in RAM and continuing sequentially until it 

finds a STOP bit in RAM. It does this at a rate of 1 Mhz per sample. In 

this mode any type of wave form is possible but only for .128 seconds. 

In the second mode, (loop mode) there are three distinct sections of 

RAM each being an arbitrary size with the total of the three less than 

128K (see figure 2.7), The first section is the ATTACK portion of the 

wave. This represents the initial output section of the D/A. This portion 

only executed once, at the beginning of transmission. The ATTACK is 

Llsed mostly for the ramp up at the beqinninq of transmission. If a ramp 

is not provided, the output is essentially windowed usinq a rectanqular 

window on the data. This could provide unwanted freguencies in the 

transmission. By selecting different windows for transmission, different 

results could be obtained from the AID converter. Also by makinq the 

ATTACK completely proqrammable, we could experiment with different types 

of windows, and determine the optimum fer different conditions. The 

SUSTAIN section of RAM is essentiallY a section of RAM that When repeated 

will provide a completely continuous waveform. Thus at least one 

repeatable cycle of the waveform must fit in the SUSTAIN section. The 

SUSTAIN section can be repeated UP to 128K times. There is a proqrammable 

reqister that determines the count of the sustain loop. This could provide 

several minutes of wave generation. The DECAY section is similar to the 

ATTACK section. It is used only once and is used to provide the trailinq 

p<.'\rt of a window. After the SUSTAIN section' is completed, the DECAY 

section of RAM is output to the DIA converter. The size of the three 

sections is completely programmable, but must not overlap. This mode 

proved very useful in experimenting with different transmission windows, 
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Figure 2.8 - D/A Converter Control Diagram 
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where the first mode proved very useful in transmittinq a sweep of 

frequencies. The entire control and RAM section is shown in fiqurs 2.8. 

Aqain. the D/A controller section makes extensive usaqe of GALs. This 

provides for a very compact system, as well as beinq very easy to modify. 

The entire listinqs for GALs is qiven in appendix A. 

2.13) Co-Processor Interface 

The Co-Processor to the PC was a sinqle internal card with a 68020 and 

it's own 68881 Math Co-Processor. The 68020 can provide up to 16 Giqabyte 

of RAM interface. however we only used an external 512K bytes. The AID and 

DIA section each have 128K of 16 bit wide RAM. That RAM is also mapped 

into the address space of the 68020. This means that the 68020 has direct 

access to all the data for the system. thus completely removinq any type 

of data transfer from one machine to another. The interface between the 

AID and DIA sections was merely a method of dual portinq the RAM. The only 

constraint is that the 68020 cannot access the memory at the same exact 

time as the AID or DIA is accessinQ memory. Special timinq circuitry was 

provided to prevent this from happeninq. The overall result was a very 

efficient method of communication between the Co-Processor and its AID I 

D/A inte>rfaces. The schematics for the Definicon interface are shown in 

Fiqures 2.9 and 2.10. 
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Figure 2.9 - Definicon Interface I 
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Figure 2.10 - Definicon Interface II 
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2.14) Co-Processor 

When we first started the project we did not use a Co-Processqr, bLlt 

used the IBM PC as the main processor. Because of the complexity of the 

alqorithms, this tur~~d out to be unbearably slow (takinq up to an hour to 

calculate the different waves for transmission alone). So we decided to 

add a Co-Processor to speed up the calculations. We evaluated several 

different co-processors and chose the D81-780+ by Definicon Systems Inc. 

We chose this particular product because of it~s cost/performance ratio. 

In raw computinq power, its speed rivals that of a VAX 11-780 (thus the 

name DSI-780+). The entire card was purchased for less than the cost of an 

IBM PC-AT and provided better than 100 times the performance of the IBM 

PC. The Co-Processor is based upon the Motorola 68020 runninq at 16.5 Mhz 

coupled with a 68881 math processor. It contains on board 1 ~eq of RAM and 

all the necessary hardware to interface with the PC. All of the software 

prccessinq runs on the DSI-780+ while the disk liD and displaY run off the 

IBM PC. This confiquration provides a very computationaly powerful and 

efficient enqine to run the alqorithms on. 

2.15) Concluding thoughts on hardware development 

The final system desiqn proved to be very efficient in space, and 

pow~r consumption. as well as beinq extremely flexible. The hardware was 

fully operational as described in this report, and provided a very u~able 

system for testinq. Because of the nature of research. we wanted a system 

that would be very flexible to accommodate various unknowns in 

experimentation. However. if this were to become a commercially available 
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product. most if not all of the hardware must be completely redesiqned 

(the flexibility is not needed in a final unit). We determined that it was 

nlore advantaqeous at this staqe in the pro.iect to have a usable system 

that could accommodate the various unknowns in hardware. and software. 

The software ended up usinq a radix four FFT alqorlthm to decompose 

thR time domain into the frequency domain. This FFT was done completely in 

software and (althouqh hiqhly optimized) would take several seconds to 

complete (dependinq on the number of pcint~ takan). Because the FFT will 

probably be needed for use in the final pattern recoqnition alqcrithm. it 

will have to be implemented in hardware. In fact. there exists several 

different IC chip sets available on the market to do just this. We feel 

that a speed increase of over 1000 would be possible usinq this approach. 

Once a fairly qood alqorithm is determined. the hardware could be 

optimized to execute the alqorithm very efficiently. This could even 

evolve the desion of ASIC (Application Specific Inteqrated Circuits) to 

make a very small and portable system. 

The completed and operational system provided a very powerful vehicle 

For testing the various software alqorithms as well as testinq different 

hardware sections. 
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III SOFTWARE 

3.0) Reasons Tor' Development scheme 

A software packaq~ was needed which could perform a varyinq qroup of 

tasks in a flexible and easily accessible manner. qrowinq as our 

development of hardware proqressed. The reason for these needs has to de 

with the nature of hardware development in a pr~ject such as ours where 

differing versions of hardware, or aven modifications to hardware, are 

frequently assembled, tested. and used. Though we knew at the outset that 

sound would have to be transmitted and received, and that data would have 

to be run throuq'1 an FFT alqorithm and analysed. we did net know precisely 

how we wanted to do these actions in the context of an overall operatinq 

package. We had to develop the package. 

So. as far as software was concerned. our first need was to create a 

system which would drive functions, or qrouus of functions, from a 

nlultilayered menu driven keyboard input packaqe. to control any piece of 

hardware under development. In the system which we created. the functions 

which drive the developing hardware can be placed in any sequence. or 

aqgregate, in order to associate a particular loqical function (such as 

~alculatinq a compound wave and loadinq it in a section of RAM in a state 

prepared for transmission) with a single keystroke in a meaningful way. 

The adoption of this flexible approach to system desiqn made it possible 

for us to quickly confiQure a hardware/software packaqe allowinq for the 

development of a field test unit for lhe ultrasound detection of handguns. 

::::0 
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In order to have an automatic detector of handquns. several steps have 

to be taken care of. We needed to be able to transmit sounds of our own 

desiqn. desiqned to excite the particular resonances of the particular 

handguns. We needed to be able to receive the sounds qenerated by the 

excited guns in a diqitized form. We needed to be able to transf~rm that 

data from the time domain into the frequency domain in order to analyze 

the frequency structure of the resonated sound. Finally. the frequency 

structure of the elicited sounds would have to be analyzed for patterns in 

order to determine what type. if any. of qun has been excited. Each of 

these steps requires the ability to easily qet at and control the 

hardware. In addition. each of these steps requires the workinq of other 

smaller SUbsystems. For instance, to manipulate received sounds in the 

digital domain we needed an A to D section to be workinq and under 

control. 

test.ed 

required 

Therefore. we needed some software to enable the ACe to be 

durinq it's development and use. The other fUnctions similarly 

testinq and development, and therefore the need for the 

flexibility and power of the software system. For these reasons the 

software package for frequency qeneration and analysis was developed alonq 

the followina lines: 

3.1> Actual Development 

At the top of the structure is a main menu. This menu allo(>ls the 

selection of which area of op~ration is tn hp undertaken. 

The choic~";; are: 
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transmission par-ameter selec'/' :'In 

reception parameter selection 

board ccmtrol 

data transfer 

DAC testinq 

?'lDC test inC! 

The actu~l operations for these areas are described below. 

3.2> Transmission 

A transmission parameter selection menu has been implemented allowinq 

the settinq of all parameters which have to do with the transmission of 

data. There are two basic modes of transmission which are supported. The 

First mode is the swept frequency mode in which frequencies are qenerated 

and ar8 then able to be transmitted. from low to hiQh frequencv. with the 

incremental increase in frequency followinC! a linear function in the time 

domain. The second mode used is a discrete frequency mode which allows 

the selection of particular discrete frequencies to be Qsnerated which are 

then able to be transmitted simultaneouslv. 

Swept frequency mode The user selects the startinq and endinq 

frequnncies in the sweep specifyinq a ranqe between 80 Khz and 100 Khz. 

These endpoint frequencies are easily alterahle but were chosen for 

pr ical reasons. The 80 Khz startinq boundary point was chosen so that 

no audible frequencies would be emitted at loud volumes possibly impartinq 

auditory nervp damaqe to the researchers. The endinq boundary point was 



I 
I 
I empirically chosen to be 100 Khz because that was close to the point where 

our transducers ceased to be effective at transmission of desirable power 

I levels, in addition to the fact that as the frequencies Qet hiqher they 

are more easily absorbed. 

I 
The user selects burst time, ramp time, and decay time in order to 

I specify the envelope containinq the frequency sweep. The ramo time is the 

amount of time to execute a linear ramp of power from zero to full power. 

I The decay time is the amount of time to execute a line~r decay from full 

power to zero. These times are variable from 0.001 msec to 10.0 msecs. 

I The burst time is the time for the complete sweep to take place, from the 

I 
beqinninq of the ramp at zero power to the end of the decay at zero power. 

The maximum burst time for the sweep mode is 131.0 msees. The entire 

I 
burst is not at full power because of the ramp up and the decay. However, 

the frequency ranqe selected is transmitted at full power. An additional 

I 
5Khz is tacked on to the end of the selected frequency ranqe and is also 

trcmsmi tted at full power in order to facilitate the tirr;e delay 

I 
spectrometry research. First a startinq frequency to an endinq frequency 

3re determined by: 

I 
I c = tt - (rt + dt) 

fpt = (fpef + 5.0 - fpsf) / c 

I sf = fpsf - (fpt * rt) 

ef = fpef + 5.0 + (fpt * dt) 

I where 

I c - time of the full power reqion 

I '-:I~ .... 1._' 

I 
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tt - total. or burst. time 

rt - ramp time 

dt - decay time 

fpt - frequency per time 

fpef - full power endinq frequency (user specified upper 

endpoint) 

fpsf - full power startinq frequency (specified lower endpoint) 

sf - startinq frequency 

ef - endinq frequency 

Next. the wave is calculated to be a linearly increasinq (in 

frequency) sinusoidal sweep from the determined startinq frequency to the 

determined ending frequency. The wave is then scaled to reach full power. 

The ramp and decay functions are applied to the scaled version of the 

wave. and then the full wave is loaded into the transmission board~s RAM~ 

awaitinq the command to begin transmission. 

Wave Envelope Diagram 

.--------burst time ---- -
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<: specified 
.-)\ range 
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The specified frequency range is transmitted 
at FULL power. There is 5Khz extra at full power 
tacked on for time delay spectrometry inyestiqations. 
The ramp UP and ramp down sections. while conforming 
to the smooth frequency sweep. are not at full power, 
but are envolcped as shown. 

Figure 3.0 - Envelope of sweep mode transmisson 
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Discrete frequency mode - The user selects the frequencies desired for 

I simultaneous transmission. specifyinq any in the ranqe between 30 Khz and 

100 Khz. The maximum number of simUltaneous frequencies allowed in the 

I current packaqe ~s 100. The maximum resolution is 0.1 Khz in any 

individual frequency. The user makes frequency selections by enterinq the 

I frequency editor packaqe which allows the selection and editinq of a list 

of frequencies to be included in a wave. When dane specifyinq 

I Frequencies, the user exits the editor packaqe and is then able to cheose 

envelope parametars. 

I 
The user selects burst time, ramp time, and decay time in order to 

I specify the envelope containinq the compound wave. The ramp time is the 

I 
amount of time to execute a linear ramp of power from zero to full power. 

The decay time is the amount of time to execute a linear decay from full 

I 
power to zero. These times are variable from 0.001 msec to 10.0 msecs. 

The burst time is the time for the complete wave to be transmitted. from 

I 
the beqinninq of the ramp at zero power to the end of the decay at zero 

power. The maximum burst time for the discrete mode is 40000.0 msecs. A 

I 
loo~inq method is used to repeat compatible portions of the qDnerated wave 

to achieve this lang time of transmission. 

I First, the wave is calculated to be a linear combination of the 

I sinusoids from each determined frequency. The wave is then scaled to 

reach full power. The ramp and decay functions are applied to the scaled 

I version of the wave, and then the full wave is loaded into the 

transmission board's RAM; awaitinq the command to beqin transmission. 

I I_oop bits are set to cause a 10.0 msec constant portion of the wave to 

I 
I 

. . ! . 
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repeat the proper number of times to obtain the desired burst time. The 

10.0 msec repeat portion "joins up" at beqinninq and end because of a 

resolution of 0.1 Khz for each desiqnated frequency. 

Wave Envelope Diaqram 
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II 
/ 

. ->\ 
I \ I _ 
I ramp LlP 

1\ 
\ 

I 
I )-

: / (- . 
1/ I I 

ldecay 

Figure 3.1 ~. Envelope of discrete mode transmission 
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3.3) Reception 

A reception parameter selection menu has been implemented which allows 

the user to control the process of receivinq data throuqh the Analoq 

Digital Converter. 

of the delay time. 

This menu allows the settinq ~f the record time. 

to 

and 

The record time may be set anywhere within the ranqe of 0.0 msecs to 

131.0 msecs. and specifies the total time for which to qather data throuqh 

the ADC and into the reception RAM. The data is loaded startinq at the oth 

location and extends ane address every microsecond for the duration of the 

acquisition. 

The delay time may be set anywhere within the ranqe of 0.0 msecs to 

131.0 msecs, and specifies the total time to delay the start of 

acquisition of data throuqh the ADe after the transmission of data throuah 

the CAC has started. 
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3.4) Board control 

The board control menu allows the user to control the special purpose 

hardware in order to carry out the actions of transmission and reception 

of data. The options possible from this menu are transmit. receive. 

transmit and receive. clear acquired data area. and transfer acquired data 

to transmission area. 

The receive option. when invoked. causes the reception apparatus to 

become active, and the acquisition of data beqins after the previously 

specified delay time has elapsed. The reception takes place for the 

amount of time previously specified as the reception time with the 

acquired data beinq placed in the A to D's RAM. 

The transmit option. when invoked. starts the process of transmission. 

The data which is present in the D to A's RAM is sequentially sent out of 

the D to A. one value every microsecond. unless a stop bit or a lOaD bit 

is encountered in the data. The presence of a loop bit causes the loop 

count to be decremented and. if the lOaD count is not the critical value, 

for the current address of transmission to be chan qed to 10000 addresses. 

or 10 milliseconds, earlier. If the loop count is the critical value. or 

if no loop bit is encountered. the current address is merely incremented 

and transmission continues. Transmission ceases when a stop bit is 

discovered. 

The transmit/receive option causes both action~ to occur and for the 

operations described immediatel~ above to bpnin at the same time. This is 

the usual acticn taken t",hen testinQ an ob.iect for e~<citation and analysis. 

~:::: 
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The clear acquired data option. when chosen. causes the A to D r~m to 

be zeroed. Any data acquired solo. or durinQ averaqinQ procedures, is 

cleared for new acquisitions. 

The acquired data transferred to the transmission area option. when 

chosen. qets the data from the A to D's RAM and moves it to the D to A's 

RAM for transmission. Because the accuired data is 16 bits per piece of 

data while transmitted data ooes throuqh a 12 bit D to A converter. only 

the top twelve bits of the acauired data are loaded for retransmission. 

The bottom four bits of the RAM. which are control bits. are zeroed 

except for the last piece of data in which the stop bit is set. 

3.5) Data transfer 

The data transfer menu allows the user to control the flow of data 

frQm disk into the hardware. from the hardware to disk. and from the 

11srdware to the screen for display. Various manipUlations of the data are 

also allowed on the data when the display mode is current. 

The current paramBt~r set sent to file ootion. when chosen. causes the 

complete set of parameters for a current run to be sent to a disk file. 

alona with any waveform which has been oenerated. 

The current parameter set loaded from file option. when chosen. causes 

the complete set of parameters for a current run to be loaded from a disk 

file. alona with any waveform which has been stored. 
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The acquired data sent to file option causes the data which has been 

accumulated in the A to D section of RAM durinQ analysis to be sent to a 

specified file on disk. 

The transfer acquired data to screen and allow for manipulation of 

data 

tools 

option opens up a special sub-packaqe which qives access to several 

of analysis and araphical manipulation. The options supported in 

this section are as follows: 

A startinq time may be specified which is th~ point value. in either 

an array A or B into which data under question will have been moved. at 

which to beqin a plot of the data. The time is related to the point value 

by the ratio of one microsecond per point. since each sample creates one 

point and the sample rate is 1 Mhz. 

A stoppinq point may be specified which is the point value at which to 

end plottinq. The endpoint applies whether the A or B array is actually 

plotted. A startinq time (point) of 0 and a stonpinq time (point) of 999 

would specify a plot of the first millisecond of data. A startinq time of 

1000 and a stoppinq time of 1999 would specify the use of the second 

millisecond of data in a plot. 

A lower Y value may be set which specifies what the value is to 

represent the bottom of the axis in any plot. The value is a scalinq 

factor and is used as a parameter for the plot routines. This value is 

only used when the autoscale mode is not currently in effect. since 

autoscale automatically fiqures the parameters for axis scalinq. 
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An upper Y value may be set which speciFies what the value is to 

represent the top of the axis in any plot. The value is a scalinq Factor 

and is used as a parameter for the plot routines. 

when autoscalinq is in effect. 

This value is not used 

A plot axis menu slot. when invoked. causes a plot axis routine to use 

the startinq time. endinq time. upper Y value. and lower Y value to create 

a scaled axis plot when not in autoscale mode. When autoscale mode is 

current, the plot of the aX1S uses the user speciFied startinq and endinq 

times. but not the upper and lower Y values. Instead the plot routine 

uses the data which is to be plotted to scale the Y axis. 

The qet data in A menu option causes the acquired data in the A to D 

RAM to be moved in the amount of the recorded time or 50000 microseconds. 

whichever is less. to the array A for subsequent manipulation or analysis. 

The qet data in B menu option causes the acquired data in the A to D 

RAM to be moved in the amount of the recorded time or 50000 microseconds. 

whichever is less. to the array B for subsequent manipulation or analysis. 

The plot data in A menu option plots the data in array A accordinq to 

the parameters of startinq time. stoppinq time. upper Y value. 

value. and plot mode. 

lower Y 

The plot data in B menu option plots the data in array B accordinq to 

the parameters of startinq time. stoppinq time. upper Y value. 

value. and plot mode. 
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I The Auto FFT menu selection allows the repeated transmission of a 

desired waveForm. and the acquisition of the resultinq data created by the 

e>~cited ob.iect, Followed by the Formation and display of the Frequency 

inFormation Found in the speciFied reqion of that acquired data. The plat 

I From each iteration of this cycle is in a diFFerent color. 

I First. the startinq color is e~tered as a value From 0 to 15. Ne::<t. 

the startinq point From array A at which to beqin the FFT is entered. 

Then the exponent For the Radix four FFT is asked For which specifies the 

I 
power to raise Four to in order to obtain the number of paints which are 

to be anial vsed. The maximum value supported For the power of radix four 

I 
by this packaqe is 7, which uses 16k paints. 

I 
The axis is then platted in autoscale mode. The data in the D to A's 

RAM is transmitted. The A to D section acquires data in it's RAM 

I 
to the current parameter set. The array A is Filled with the 

data which has been acquired. The radix four FFT is performed an the 

specified region of the data in array A. The results of the FFT are put 

in array B. and are then platted. This series of events is repeated aver 

I and over at the user's direction. creatinq new plats aver the old of the 

current frequency response elicited. until the user exits from this 

I section of the package. 

The clear screen option clears the screen of all contents and plots 

and then provides the menu with current parameters listed. 

I 
I 
I 4 ·-, .!.. 
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The transmitJreceive option causes the transmission of the data in the 

D to A"'s RAM. Simultaneously. the A to D sRction acquires data in it ... s 

RAM accordinq to the current parameter set. 

The plot mode option allow~ the user to specify whether the plottinq 

is to be in autoscale mode. which means that the scalinq will be 

~utomatically set to the data which is to be plotted. makinq the maximum 

and minimum values in the data correspond to the top and bottom boundaries 

of the plotted axis. respectively. The plot mode may also be set to 

absolute scalinq. which means that the upper and lower values for Y. which 

are specified by the user in this mode. are to be used as the determininq 

factors in the top and bottom values for the axis boundaries. 

The FFT on data in A with results to B menu selection causes the 

followinq chain of actions to occur. The startinq point from array A at 

which to beqin the FFT is entered. Then the exponent for the Radix four 

FFT is asked for. which specifies the power to raise four to in order to 

obtain the number of points which are to be analysed. The maximum value 

supported for the power of radix four by this packaqe is 7. which uses 16k 

points. Then the desired FFT is performed on the specified data and the 

results are put in array B. 

The exit option is the last option in the screen data manipulation 

portion and qets the user out of this portion of code and back up to the 

next hiqhest level, the data transfer menu. 
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3.6) DAC testinq 

This menus allows the selection of what value is to be put out of the 

DAC. The value to Dut out is entered. It can be any 16 bit hex value 

from 0 to ffff. The value may then be adjLtstEri up or down by hittinq the 

plus or minus keys respectively. In addition, new startinq values may be 

spec i fied and put out and then ad.iusted. 

3.7} ADC testing 

This menu allows the selection of brinqinq in values from the ADC. 12 

bit values are brouqht in from the ADC and are displayed in hex format. A 

new ADe read is performed and it~s correspondinq value is displayed every 

time a return key is hit on the keyboard. 

3.8) Runninq the frequency qeneration and analysis packsqe 

To create the frequency qeneration and analysis packaqe: 

(NOTE: must have appropriate definicon and custom hardware and software 

available to the PC in use.) 

1) First, compile the source files needed (.c -> .i): 

load -t c freq qen 
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load -t c plot1 

load -t c q1 

load -t c qraph 

2) Second. create the object files from the intermediate files 

( . i -)- . ob. i ) : 

load jcode freq qen.i 

load .icode plot1.1 

load jcode ql.i 

load jcode qraph.i 

::::) Third. link the files Lob.l -> .e20): 

load link20 freq.qen plotl ql qraph clib paslib 

4) Now the packaqe can be run (.e20 files are executable): 

load freq qen 
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3.9) Results of development 

The system which evolved proved to be hiqhly flexible and utilitarian. 

After development was completed. the main usaqe of the packaqe was to 

Follow a chain of actions which tested handquns For their frequency 

responses to ultrasonic bombardment. Either the sweep mode, Dr previous 

knowledqe as to what discrete frequencies were critical, was used to 

qenerate a wave which had the frequencies of interest present. I f in 

sweep mode. the wave would be sent out with various delays and lenqths in 

order to Find out which delays and lenqths evoked the qreatest response 

from the tarqet qun. Then. by analysinq the frequency response of the 

tarqet resonance. the frequencies of interest were more specifically 

addressed by switchinq to the discrete mode of frequency qeneration. A 

tailored sinqle frequency. Dr compound. wave would then be qenerated and 

transmitted. and the received response would then be analyzed. 

At this time the auto FFT mode in the data transfer portion of the 

system would be entered to allow the easy use of the developed tools in an 

iterative manner so that repeated tests could be performed with the same 

wave. This type of testinq would be done when such factors as the 

position of the qun and the volume of the transmitted wave were under 

investiqation. They would be varied while the characteristics of the wave 

itself would be held constant. 

In an effective automatic ultrasonic qun detector this same sequence 

of events would be carried out. and would make automatic detection 

possible provided that reliable excitation patterns were obtained from the 

t.arqet. 
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3ulO) Splicing in additional software functionality 

The software package is flexible as to the addition of new menus. 

expanding the existinq menus, and addinQ new functions. Note however. 

that a working piece of software is worth two (at least) software pro.iects 

under development (or should we say. "in the bLlsh"). Suffice it to say 

that it would behoove an ambitious user to keep a copy of the oriqinal. or 

other, workinq code around while performinq extensions or remodelinq the 

packaqe. 

The main way to add functions should be throuqh the system of menu driven 

control. Basically. what happens is that: 

A particular KEY is hit at the same time that a particular POSITION in 

the system is current and while certain PAST EVENTS have cone on dealinQ 

with that position. 

The KEY hit is takEn in and assiqned a number. which riqht now for the 

purpose of menu driven control is: 

down - 0 

LIP 1 

riqht - .-. 
.!. 

left - :3 

end - 4 

retLlrn - 5 
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This number is used as an offset into a portion of a structure of 

"action vectors". The ol::fset qives a final pointer to a particular 

"action vector". What an action vector is. is a qroup of pointers to 

functions (the function names) with an associated count of those pointers 

to functions. A routine, called TAKE. ACTION. takes as it's input the key 

number. gets the pointer to the action vector. and then executes the 

"c:ount" nuO\bet~ of functiorls in that action vector. In this way. the hit 

of a sinqle key can cause a qroup of desired functions to be carried out. 

Now. how does the system know which action vector to execute? The 

action vector beinq addressed fs the action vector at the current system 

POSITION of course. 

A POSITION is a structure containinq the components of loqical menu. 

row. and column. These components specify where in the system. loqically, 

we are (i.e. the address). A structure of type POSITION INFO contains all 

of the action vectors. Usinq the position c:omponents to arriYe at the 

action vectors, we also arrive at information specifyinq the physical 

addresses of where the menu fields are (i.e. where on the screen to put 

somethinq). This physical information consists of absolute row, absolute 

column. and field lenqth. So by havinq the information of POSITION, and a 

KEY, we have available the physical information of where on the screen to 

represent any chanqes desired. as well as a link to an action vector 

whereby we can carry out any set of functions desired. In short. we have 

a system for translating keystrokes and a qraphic backqround into actions. 

or a menu driven operatinq system. 



.1,· 
I 
-I 
I 
I 
I 
I 
I 
I 

I 
I 
I 
I 
I 
I 
I 
I 
I 

To modify or add functions-

Look at the structures of action vector and position info. Note that 

structures of the type position info contain a structure of the type 

action vector. The action vector contains a count and an array of 

functions. 

struct action vector 
{ 

int count~ 
void ( *func[max func dimen] ) ()~ 
} . 

struct position info 
{ 

int lenqth~ 
int abs_rc:::w~ 
int abs,.,col ~ 

struct ac~ion_yector 
} ~ 

act vect [max keyJ~ 

As the primary example. look at the actual structure used (you will 

most likelY be modifyinq it). It's an array LOCATION. and is of the type 

POSITION INFO. A small excerpt is shown below. Notice the line across 

from /- down -I. It is the first action vector of this menu and position. 

3 is the count. Unhiliqht. inc row, and hiliqht are the functions. When 

the key DOWN is hit and the position (menu,row,column) leads us to this 

particular position info structure, the 3 functions are carried out. If 

you wanted to run only the first two upon the reception of a DOWN key at 
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this position. merely chanqe the number to 2. If you want to run three 

routines you have written yourself (say one. two. and three) merely chanqe 

the names to the names of the routines you wish to run. Upon the receipt 

of a down key when at this position. those three routines will be run in 

seQl.tenc:e. 

-[ 

f2_lenq. sf1 row. box col+13. (-- LENGTH. ABS ROW, ABS COLUMN 

1- down -I " -:::. { -[ ::::" { unhiliaht. inc row. hiliaht } } "' 

1- up -I :-) -[ 0 } . 
1- riaht -I ~-) { (I ]- 1 

1- left -I t -:> { :;:, { unhiliaht. ao to al.d t. hiliqht } } .. 

/- end -I : -:::- { . -, 
":' .. { l.lnh i I iaht . ao to ql.tH. hiliqht } } .. 

1- return -/ :-) { 2" { activate pos, menu select ao } } } } ]- ., 

ACTION VECTORS 

Figure 3.2 - A group of action vectors 

Note that the absolute physical information is showniust before 

the action vectors. By chanqinq these values. routines such as 

hiliqht and unhiliqht will perform their duties at the newly 

specified screen locations and lenaths. 

More drastic remodelinq-

To expand menus to more than 7, 
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add more than 5 ~unctions to an action vector, 

add more than 7 rows to a menu's choices, 

add more than 2 columns to a menu's choices, 

or to respond to more than 6 keys. 

you must chanqe the de~initions ~or: 

ma~< menLI 

l1Ia::< col 

ma~< .key 

ma}< .. ~unc dimen 

and must also chance the structure LOCATION to accommodate the 

new de~initions. Be e>::tremely carefLll in how the brackets "{" 

and "}" are used to define levels within the structure. The 

current layout of these brackets and the data within was found 

to be convenient. Remember. a "{" means qoina down a level. in 

the structLlre while a "}" means cominq up a level. 

A complete listinq of the code comprisinq the frequency qeneration and 

analysis package is included in appendix B. 
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IV RESEARCH 

4.0) Transducers 

The receiver was based on the Polaroid ultrasonic transducer. This is 

a capacitance based device which exhibits qood sensitivity. but is very 

directional and does not have a flat frequency response across the ranqe 

of 20 to 100 Khz. The frequency response can be compensated for 

electronically. but the directionality posed a sizeable problem. The 

directionality of most receiver traducers is related to the physical size 

of the actual receiver area. Generally. the larqer the receiver surface 

area. the qreater the sensitivity. But as the surface area increases. the 

more directional the device becomes. Because ideal receivers for this 

project would be omnidirectional. this poses a sizeable problem. 

One method that could be used to overcome the directionality oroblem 

would be to use several receivers and position them in such a manner that 

when sound is radiated from a tarqet (in a certain area). at least one of 

the receivers would be in the direct path of the signal. By using 

electronic sWitchinq devices, we could then sample all of the receivers. 

and determine which one would have the largest signal from the target. 

This poses a significant problem electronically in just determininq which 

of the receivers has the most signal energy as compared to noise enerqy. 

Another method the miqht minimize the directional effect would be to 

use the receivers in an array format and effectively AVERAGE them in 

frequency domain (the averaqe must take place in the frequency domain not 

the time domain because the phase needs to be separated from the signal). 
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Noise in the frequency domain will averaqe out to a known level leavinq an 

averaged target value. The target value would then be the sum of many 

different receivers, thus providinq more signal to noise ratio as compared 

to just one receiver. This method, however is likely to become very 

computationally intensive, where each receiver miqht need its own diqital 

siqnal processor. More research into this area should be done. 

other areas of receiver interest would be to desiqn a receiver that is 

extremely sensitive while remaininq non-directional. Some effort was done 

in researchinq different receiver technoloqies, and none were found to be 

compatible with our requirements. Aqain we feel that much more work needs 

to be done on the receiver technoloqy. 

4.1) Target Chamber 

Due to limited personnel, we were not able to work on designing a qood 

tarqet chamber. Consequentially we used the chamber material from the 

Phase I I pro.iect. The chamber we Llsed was not very qood at dampen ing 

reverberation quickly especially at frequencies above 55 Khz. This forced 

us to use extra long triqqer delays with the AID converter, so that the 

original transmitted siqnal has died down below the noise floor. The 

lonqer the delays, the less of the tarqet siqnal was present. With respect 

to the chamber desiqn, this is probably the larqest problem in the system 

1.'.0 overcome. If however we could devise a chamber that would quickly 

dampen out the reverberation effects, this would relax other elements in 

the system [ Quickly dampen means attenuatinq the reverberation to below 

the noise floor with in about 10 to 20 ms. We feel that this is very 

C"'-, ..... t.:.' 
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obtainable usinq the riqht materials and with Drop~r construction of the 

chamber] . 

Our experiments indicated that the tarqet would start to resonate 

almost immediately after the sound waves hit it. The amount of time it 

took to dampen out depended on several factors, such as qun placement 

(relative to the incident sound wave). qun material (Steel, Hiqh carbon 

steel, stainless steel, plastic, etc.), what was touchinq the qun (cloths, 

flesh, holster. etc.) and various other factors. All of these variables 

end up in reducinq the amount of resonate time of the qun itself. For this 

reason, the sooner that we can sample the tarqet siqnal the better siqnal 

to noise ratio. But because of the reverberation in the chamber, we were 

forced to wait until it died out (below the noise floor or threshold of 

the receiver) before we could actually sample the tarqet siqnal. We feel 

that a chamber could be desiqned to limit the effect of reverberation such 

that the tarqet siqnal could be sampled before most of its enerqy is 

expired. Aqain much more work in the area of chamber desiqn needs to take 

place. 

4.2) Time Delay Spectrometry 

One method of removinq the effects of reverberation is called Time 

Delay Spectrometry. This technique has been extensivelY developed by 

speaker manufacturers, in order to accurately measure the frequency 

response of a speaker as if it was in a free field. The free field implies 

that the only stimulus on the measurement device is cominq directly from 

what is beinq measured. In other words, all reflections and reverberations 
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are completely removed [A simple example of a way to take speaker 

measurements in a free field would be to suspend a speaker by a rope from 

a balloon a qreat distance above the qround and below the balloon. In this 

case there would be no sound reflections or reverberations (except that of 

the rope and the receiver itself).J. In qross terms. Time Delay 

Spectrometry can remove the effects of reflected and reverberation siqnals 

electronically. 

This method evolves transmittinq a sweep of frequencies at a known 

sweep rate. and then calculatinq the delay between the transmission of 

the sweep and the reception of the first reflected incidence of the sweep 

siqnal. Then by usinq heterodyninq techniques. filter out all other 

frequencies except the incident frequency. Any reverberation frequencies 

at the receiver would be of a different frequency (because of the time 

delay and sweep rate) and therefore would be filtered out. This method was 

devised to input the reflected siqnal. not a secondary siqnal such as the 

resonatinq of a tarqet. However. 

some particular frequency. then. 

if the tarqet is qoinq to resonate at 

it will absorb more enerqy at that 

particular frequency that all the others. In this case. the absorption of 

a particular frequency miqht be detectable rather than the rinqinq 

itself. We were not able to pursue this method in detail but feel that it 

can offer a possible solution to the reverberation problem that we have 

encountered. 

FinallY another method that would not be prone to reverberation would 

be to excite the tarqet usinq a frequency sliqhtly below or above a 

resonant frequency. At the receiver. filter out the transmittinq frequency 

by a very narrow notch filter. Because the notch filter is not at the 
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point of resonance of the target. it should only filter out the transited 

siqnal and not the resonatinq siqnal of the tarqet. In addition to the 

difficulty of desiqninq a stable and accurately variable notch filter. we 

fO'.lnd through e:>::perimental data that very little energy is transferred to 

the tarqet unless the resonant frequency is transmitted. Even when the 

transmittinq frequency is .1X away from the resonant frequency. only about 

20X of the maximum enerqy transfer takes place. These experiments 

confirmed the results of the previous test. Because of this. and the fact 

that the number of different frequencies needed to cover even a small 

number of the probable quns would be prohibitively larqe, we feel that 

this method would not be very practical. 

4.3) Pattern Recognition 

Prelimi.nary stUdies were undertaken into pattern t~ecoqn i t ion 

techniques involvinq fuzzy sets and rough sets approaches. The reason for 

these particular approaches has to do with the nature of the data being 

processed and the speed with which the problem must be solved in order to 

have a detector which approaches anythinq like real time classification. 

The qreat variety of acoustic situations and the larqe numbers of 

variables which can affect those situations will cause any patterns in a 

frequency response from environments includinq a qun to exhibit a qreat 

deal of variability. Even the detection pattern for a particular type of 

qun would 

brand due 

not be the same for different real guns of the same 

to the differences in the quns themselves. . Because 

make 

of 

and 

the 

variability in patterns. a way must be found to qet the most information 
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out of imprecise data. When workinq with imprecise data, the techniques 

of Zadeh. 'and many who have followed his qenelMal tenets of fuzzy loqic 

systems (Zadeh) (Gupta). and the rouqh sets techniques of Pawlak. become 

likely candidates for use in classification schemes. 

Very brieflv. Fuzzy set theory extends the mathematics of predicate 

calculus and probability theory to include imprecise measurements. data. 

and classifications. An object may be classified with a deqree of 

loembership to a set. In one case a pattern could be said to belona to the 

set of patterns elicited from Smith and Wesson .357's with a deqree of 

membership of 0.78. A law in an expert system could describe an example 

of this sort as a pattern which was "likely" that of a Smith and \.Jesson 

• ~::~37 where the mod i fier "I ikel y" carried with it the numerical coefficient 

0.7::::. The mathematics for objects and sets described in terms of Fuzzy 

leqic, though still relativelY new. is well worked out and used in several 

work :i.nq systems. 

Another system. that of rouqh sets. looks very promisinq because of 

the speed with which it can work in a classification scheme. In ro:::!LlQh 

sets theory an inFormation system is deFined (Pawlak). 

S = (U,P,V,F) 

where c 
.J is the system. 

U is the universe of objects, 

p is thE' set of attributes, 

V is the Llr1 ion of the domains of all p"s in P. 

F is U ::.:: P -) V is a total fLlnct ion such that 
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I F(x.q) is in Vq for every q in Q and every x in U. It 

is called the information function 

I 
I Suppose we have a finite set of objec~s U which make up the universe 

(possibly handqun excitation patterns). Elements of U are traininq 

I e~<amples. U is the training set. Suppose that an expert breaks U into 

classes {xi .••. xn} based on absolute knowledge of the ob.iects. Suppose a 

I learning agent tries to chat~actet~ize the ob.iect of U in terms of 

attributes from P. The descript ions of ob.iects. based on P represents 

I the knowledge of the learning aqent concerning objects in U. 

I To what degree can the learninq agent's knowledqe classify the objects 

I 
according to the available attributes to fit the expert's clasGification? 

What is desired is a classification alqorithm which provides the expert's 

I 
c:lassification based on the attributes of ob.iects. 

I 
f(::'::) is the learninq agent's knowledge about x in S (since it crosses 

U Let's extend the information system by adding e, the -) V). 

I 
attribute describinq the e::·::pert ··'s (1. e. classification. == 

{xi.x2 •..•• xn}. e* is the classification of the objects by the expert. so 
I 

I 
we get classes i .. n) 

I 
The new information system S' = (U,Q.V'.F')~ Q = P union {e}. P 

intersect {e} = 0, is created where the expert's knowledqe on x in S is 

I the class to whiW,\ ~,: belongs. The problem on static learninq becomes the 

QUestion of whether the classification e* is P-definable. If e* is P-

I definab J.e then the alqori thm to "learn II classificat ion e* e~d ts. 

I 
I 
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e* is P-definable iff P -) e~ e depends on the set of attributes P. 

Suppose r* is supplied by an expert. Can classification be expressed 

in terms of p and q? 

p q r 

because the dependance 

1 0 .-. ..::. p = {p, q} -). r holds the 

I) 1 1 learninq alqorithm e~dsts. 

2 0 0 

1 1 0 

it is (p:= 1> (q: = 0) =.::- (r:= 2) 

(p:= 0) =). (r: = 1 ) 

(p:= 2) + (p:= 1) (q: = 1.) =). (r:= 0) 

Often thouqh the expert's knowledqe (the extra attribute) will not be 

definable by the attributes. In this case approximation is possible. The 

classification of some objects correctly is possible. Rouqh sets theory 

provides for coefficients which show to what deqree such approximations 

are valid in what is termed Accuracy and Quality, where quality is a 

fLmction of what part of thf.:J ob.iects may be classified correctly and 

dccuracy is what part of decisions can be correct. 



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

I 

Consider the information system: 

u p q r 

>:: 1 1 (I 2 assume r is the e~qJert···s 

::<2 (I 1 1 ~:;nowledQe. so that r* is the 

::-::3 .-, 
L. (I 0 e~<:perts classification. 

;:<4 1 0 2 

)0::5 1 (I (I 

::-::6 I) 1 1 

~.:;7 
.-, 
L. (I (I 

::-:::3 1 0 (I 

~.:;I:'I (I 1 1 

::<10 2 I) (I 

~d 1 1 0 (I 

::·::12 1 I) .-, 
L. 

The system with respect to all attributes is 

U/Q~" P Q r 

The atoms of the system are. 

:::1 1 (I :2 z1 = {xl • ::<4. >::12} 

22 (I 1 1 z2 ;:: {~<.2 .. }<~I" ::{:9} 

z3 .-, 
L. I) (I z~:: = {x~:. ><:7. ;:<.1 O} 

z4 1 I) (I :z4 = {~<.5., ~<;3 .. ~.::11} 
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where U/Q- means U with respect to the equivalence relation of Q 

denoted Q-. 

The classification r* is not (P.q) definable so we will approximate r* 

by (p, q) • 

Classes of classification r* (equivalence classes of relation r-' 

A3 = {x3.x5.x7.xB.xl0.xl1} 

Equivalence classes of relation (P.q)-

B1 = {xl.x4.x5.xB,xl1.x12} 

B,,:, 
'-' 

lhe concept of upper and lower approximation is now applied to the 

classifications of the relations. 

Let P - {P.q}. Then the followihq sets are the lower P approximations 

PAl = 0 

PA2 = 82 ,-

_F'A:::: -, B'::' '-' 
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~-------.~~---------------------

and the followinq sets are the upper P approximations of r*. 

-PAl = B1 

-PA2 = B:2 

-PA:3 = B1 U B:;: 

We have arrived at the situation where Ai is internally F' 

nondefinable. A2 is P definable. and A:3 is rouqhly P definable. Or. stated 

another way. A2 can be learned fully. A:3 can be learned rouahly. while for 

Al it is impossible to classify correctly xl.x4.x12 by observinq features 

expressed b~ p and q (thouqh neqative instances may be learned anyway). 

We have the non-deterministic classification alqorithm 

(p:= 1) (q: = 0) =). (r:= 2) + (r:= 0) 

(p:= 2) (q:= 0) =) (r:= 0) 

(p:= (I) (q:= 1) =:::- (r:= 1) 

Because of the simplicity with which classification alqorithms are 

specified the alqorithms can run ver~ quickly. If the alqorithm does not 

proVide enouqh accuracy or quality. more attributes may be added to the 

information system until acceptable levels are reached. 

Some researchers (Gupta)(Prade) have combined the fuzzy set theory 

with rouqh set classification schemes to make use of the benefits of each. 

The ability to deal with varied and imprecise data makes these methods 
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very promisinq candidates for use in the automatic ultrasonic handqun 

detector. 

4.4) FFT systems 

The reason for developinq an FFT system is that we have to take data 

in the time domain. which is what we receive thrcuah our transducers and A 

to D converters. and chanqe it to the frequency domain so that we can 

analyze it in a meaninqful form in the search for patterns representative 

of handquns. The Fast Fourier Transform cives the same results as the 

Discrete Fourier Transform since it is mathematically the same transform. 

However, for computations done on machinery. often the case is true that 

hew the calculations are done has an enormous impact on the speed and 

accuracy of the obtained results. It was necessary to obtain our results 

very quickly since the ob.iect of our research was a real time analysis. 

Therefore, we decided to investiaate the field and to find the proper FFT 

alqorithm for our application. first in software. and eventually 

committinq the alqorithm to hardware where it would be fast enouqh for our 
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4a5) SoFtware FFT algorithms 

A typical straiqht~~rward proqram for the direct calculation of the 

DFT miqht look somethinq like (written in C): 

for Cj= O~ ,i< n~ .1 H") 
-[ 

a[.i] = o~ 
bUJ = 0; 

for (i = (I ~ i < n ~ i ++ ) 

a[';] += ~<[iJ * cos(q*i*.i> + y[i] * sin(q*i.*,j)~ 
b[j] += y[i] * cos(q*i*.i> - ::<.[i] * sin(q*i*,i>; 

} 

Figure 4.0 - A Straightforward Discrete Fourier Transform 

where n is the number of points for which the transform is being done, q 

is the deqree to which the unit circle is broken down for the 

triqonometric factors to be applied at proper intervals, arrays at] and 

be] are the real and imaginarY parts of the frequency domain results of 

the com~utation, and arrays xC] and y[] are the real and imaqinary parts 

of the time domain data which qo into the transform. 

There is nothinq inherently wronq about the piece of code written 

above. It's straiqhtforward. si~ple. and shot~t. It's ,just slow. 

performinq as an order n squared alqorithm (note the nested loops which 

run from 0 to n-1). Improvements can be made by addinq a look up table for 
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the trigonometric calculation. by doing the trigonometric multiplications 

outside of the inner 1000 and saving the results for the multiple usage 

within the inner loop. Other modifications can be made which make use of 

the fact that the trigonometric functions repeat. However. eVen though 

useful. none qet rid of the overwhel ~inq disadvantaqe of the n sguared 

order of the algorithm itself. 

The biq break in this problem comes from the introduction of the 

Cocley-Tukey FFT alqorithm which achieved an n loq n order of 

computational complexity. Essentially all FFT alqorithms make use of the 

same techniques as the Cooley-Tukey algorithm. The basis behind the 

reductions in calculation for their alqorithm lies in the building UP of 

parts of larger calculations with smaller calculations while using the 

smaller parts along the way. and generally in cominq UP with a systematic 

way to use portions of calculations where and when they are needed instead 

of recalculating them whenever they are needed. The partial results must 

of course be stored in places where they can be easily retrieved at the 

proper moment during the execution of the algorithm in a real system. 
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A typical Cooley-Tukey proqram ~or the radix-2 calculation o~ thm DFT 

might look somethinq like (written in C): 

n2 = n; 
for (k=l; k <= m~ k++) 

{ 

} 

nl = n2~ 
n2 = n2/2~ 
e = 6.283185307179586 I (ni)~ 

a = O~ 
for 

{ 

} 

<.i=I~ . i .(= n2= .i++ ) 

c = cos (a) ; 
s = sin(ah 
a = j * e; 

for (i=j~ i <= n~ i += nl) 
-:: 

} 

1* the butterfly *1 

I = i + n2: 
xt = xCi-I] - xCl-1]~ 
xCi-I] = xCi-I] + xCI-l]~ 
yt= y[i-l] - yCI-1]; 
yCi-l]= yCi-i] + yCI-1]; 

1* the twiddle factor multiplications *1 

xCI-1] = c*xt + s*yt: 
yCI-l]= c*yt - s*xt~ 

Figure 4.1 - A radix 2 Cooley-Tukey FFT pr'oC/ram in C 

Because of the way the flow diaqrams look which express this buildinq 

up of calculations alonq the ~ay to the final results o~ the alqorithm. 

and especially the way in which the smallest portion of the transform is 

represented. the method has been called the butterfly transform. 
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Figure 4.2 - A single Radix 2 Butterfly 
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Figure 4.3 - A flowgraph of a length 8 Radix 2 FFT 
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There are many differinq ways in which to implement the basic idea 

behind the FFT. There are decimation in time alqorithms and decimation in 

frequency algorithms which specify in which direction the complexity of 

the stages of the butterflies (alqorithm subcomponents) increases. There 

are different radices for the size of the smallest SUbcomponents. or 

butterflies. There are schemes for efficiently applyinq the trigonometric 

factors. commonly called "twiddle factors". skippinq the mLlltiplications 

by unity and shor~eninq the process when the factor is zero. The most 

relevant of these differences comes with the use of radix as choice of 

radix has the most to qive in terms of reducinq computational operatons. 



I 
I 
I 
I· 
I 
I 
I 
I 
I 

I 
I 
I 

Number of real multipies and adds For diFFerent 
complex one butterTly FFT alqorithms 

m n mLll t ipl ies adds mults+adds 
:--------------------------------------------------------: 
: radix = 2 : 

1 2: 4 I:.. 10 
2 4 le, 24 40 
:.:: :=: 4':-'-' 72 120 
4 1.1:.. 1.28 1. S'/2 :3~~O 

5 :32 ::::20 4::::0 800 
e, 1:..4 7e,:=: 1152 1920 
7 1 :2::: 17e,2 2/:..:3::: 4480 
:=: ~~5~, 4·0'::/6 6144 1024·0 
'"i' 512 921e., 13:;:::24 2::::040 

10 1.024 204::::0 ::::0720 512,)0 
11 204:;:: 45056, 1:..75::::4 112e,4() 
1'-" ..:.. 409":. 98:;::04· 147451:.. :'245/:'20 

--------------------------------------------------------, 
radi>,; = 4 

1 4 1'-' L. 22 :34 
2 ie., ge, 176 27:'2 
':0 
'-' e.,4 576. 105(;, 16::::2 
4 25c. ::::072 5~,::::2 8704 
5 1024 15:360 2::::160 4:=:520 

I 6 4096 73728 135168 208896 : 
:--------------------------------------------------------I 
: radix = 8 : 

1 :=1 ::::2 (;,(;, i~/::: 

2 e,4 512 105e, 1568 
:~: 512 6144 12672 1:::::;::16 
4 4096 e.55:;JlS 1::':5J.~,::: 200704 

~--------------------------------------------------------: 
: rad i;:.:: ::: le, 
I .1 1 (:. :;:0 1 78 :25::;: 

NQtli~: 

:::: 409(;, 

* 

::'~51:.,O. 

61440 1 '78144 

m is the power to which the radix is raised. 
n is the number of points in the FFT. 

Figure 4.4 (EII.lrri s) 
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The radix refers to the size of th~ staQes makinq up the individual 

butterflies. They are frequently powers of two. althouqh others are 

possible. The number of points in a transform is related to the radix by 

the fot~mula: 

n = r**m 

where n is the number of points in the transform. r is the radix. and m 

is the number of dimensions. or staqes required. 

We found that usinq an alqorithm with a radix of four cave us a 

savinqs in speed that was worth the problems encountered in the 

additional complexity of code and the inconvenience inherent in the 

limitations on the lenqth of our FFTs which were then limited to beinq the 

size of a power of four. Other improvements. such as the use of triQ look 

up tables. did very little in comparison to the radix chanqes in 

decreasing the time for alqorithm complption. 
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~~~-~------~-~ --~~ 

CONCLUSIONS AND RECOMMENDATIONS 

In phase 111/1 of this research proqram: 

a hardwar~ sys~em 

implemented usinq 

for the Field test unit was 

oFF the shelf components 

desiqned and 

For diqital 

electronics and for all of the amplifiers and transducers. 

- a software packaqe was developed which allows easy access to all 

of the functions supported by the hardware. in a flexible and 

extendable multilayered m~nu driven packaqe. 

the total hardWare/soFtware system formed a packaqe with the 

ability to be used as a data acquisition system by people with 

little or no traininq. 

the hardware/soFtware system achieved the ability for automatic 

iterative loopinq of the fUnctions for confiqurinq a specified 

wave, placinq the diqital paints of the wave with any loopinq 

information present in the D to A RAM. transmittinc the 

specified wave. receivinq incominq sounds at a desiqnated time 

delay aFter fhe transmission has beqLtn. placinq a diqitized 

representation of the incominq sound in the A to D RAM. and 

finallY analyzinq the data received in it's raw form. or after 

transformation by fast Fourier techniques into the frequency 

domain. and displayinq the desired data qraphically in a Form 

which may be chosen by the user and is easy to understand. 
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a radix four Fast Fourier Transform alqorithm was chosen and 

implemented in software to transform the time domain data into 

the frequency domedn. Preliminary investiqations into the 

incorporation of this technique into hardware have bequn in 

order to increase the speed of this task. The increase of speed 

is important here because the number of points taken in an FFT 

is linearly proportional to the resolution in the frequency 

domain while it is n loq n proportional to the number of 

computations necessary. A larqe number of points is needed to 

qain qreat resolution which tends to take a lot of computation. 

Since speed is of the utmost importance in a real time system of 

detection. this topic is worthy of future development. 

developmen't 

ordet~ to 

of a Time Delay Spectrometry system was bequn 

eliminate the need for a lonq wait after 

in 

the 

transmission of sound before receivinq. The reason for waitinq 

has been to let the transmitte~ sound. and it~s reverberations. 

die out before listeninq fo\' the sounds qenerated by the modal 

excitation of the tarqet handquns. The TDS system has the task 

of makinq this wait unneccessary by usinq frequency sweep and 

time information to pick out the valid information while the 

noise in the environment is still at hiqh levels. The sound 

containinq the desired information is at hiqher levels when 

obtained before a delay allows the sound to diminish due to 

natur.-al decay. 

investiqations into pattern recoqnition techniques involvinq 

imprecise forms of data and data partitioninq have bequn. The 
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speed with which the results must be obtained. and the nature of 

the data received which will naturally exhibit a qreat deal of 

variability. makes these types of pattern recoqnition techniques 

the logical choice for the pr~iect at hand. Also such 

techniques allow for easy implementation of t~reshold settinq 

which is important in a project involvinq security. 

research into phased array polaroid transducers was begun. 

Phased arrays are to be used to allow the use of individual 

transducers which are high in sensitivity but are poor in 

impartiality to directionality. By usinq a larqe array of these 

transducers. the directionality problem can be overcome by 

averaginq the results of many transducers. some of which will be 

in a correct position for qood reception. 

materials testing was bequn to investiqate various types of 

material as to the ability of these materials to stop sound from 

penetrating and thus hampering the detection of concealed 

handguns. Preliminary testinq shows that porous substances such 

as stryrofoam and clothinq are not good sound insulators whereas 

mere solid SUbstances such as wood are better at stopping high 

freguency sounds from penetratinq. 

It is recommended that the phase III effort be continued to completion 

of a useful Field Test unit. To accomplish this: 
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- the de~elopment of transducers. or of a transducer system. which 

is sensitive to low levels of sound as well as to sounds coming 

from directionally different axis should be carried out. The 

critical importance of the transducers in the success of this 

pt~oject cannot be overernphasi zed, 

the development of pattern recognition techniques which will 

work with rul~s allowing for imprecise data partitioninq should 

be carried out and should allow the specification of levels for 

threshold trigqerina. 

the technigue of Time Delay Spectroscopy should be further 

developed and incorporated into the design of the system to 

allow a reduction in the dampening of the excited sound due to 

the time delay currently neccessary. 

the FFT algorithm should be implemented in hardware so as to 

increas~ the speed to the point where the calculations involved 

take UP a neqligible time in proportion to a total iteration of 

the detection loop. and finally. 

that the system make use of the above mentioned developments in 

a package which is usable by people with no trainina or 

conception of the technical aspects of the underlying operation. 

74 



.1· 
I 
,., 
I. 
I 
I 
I 
I 
I 
I 
I 
I 
I 

I 
I 
I 
I 
I 

BIBLIOGRAPHY 

BI_lrris, C. S" Parks, T. W •• DFT/FFT and Convolution Algorithms, John 
Wiley & Sons. New York, 1985. 

Crawford. Harold B •• Williams. Joseph. I~andbook of Electronics 
Calculations. Ncgraw Hill, 1·~7·~/. 

Gupta, Madran M., eta al .• Fuzzy Automata and Decision Processes, 
North Holland Publishinq Co •. Amsterdam, The Netherlands. 1977. 

Jackson .. Leland B •• Diqital Filters and SiQnal ProcessinQ. ~:::luwe(M 
A~ademic Publishers. 1986. 

Kerniqhan. B. W .• Ritchie. D. M •• The C ProQramminQ LanQuftQe, 
Prentice-Hall, Inc., Enqlewocd Cliffs, NJ, 1978. 

Manassewitsc:h. Vadirn. Frequency Synthesizers, Theory and DesiQn. 
Wtley-Intersc:ienc:e, !987. 

P<:\wlak. Z., "RoLlqh Classification", Int. J. i'1an-Mac:hine Studies. 20, 
1984, pp. 469-483. 

Pawlaf::. Z., "On Learninq - A ROLlqh Sets Appr02,ch" , Llnpublished. 1.9!:!t .• 

r-\iitb int:r, Lawt~ence R., Gold, Bernard, Theory and Appl icat ion of Diqi tal 
Signal Processinq, Prentice-Hall. Enqlewood Cliffs. NJ. 1975. 

Van Valkenburq, N. E., AnaloQ FIlter Design, CBS Colleqe Publishinq, 
t .:;;-:::::~~. 

Williams. Charles S .. Designing Diqital Filters. Prentice-Hall, 
~nqlewccd Cliffs, NJ. 1986. 

Zadeh. Lofti Asker. etc al., Fuzzy Sets and their Applications to 
Cognitive and Decision Processes. Academic Press, New York. 1975. 



II I' 

I, 
'I 
I 
I 
I 
,I 
,I 
I 
I 
I 
'I 
I 
I 
I 
I. 
',I 
I 
,I 

------,0,,--

GAL list inqs 



~ 

I 
·1, 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
J 
I 

GAL16V8 7/21/87 
FILENAME: 'ut3 dsak.pld' 
AUTHOR: James Vig Sherrill 

DSACK* timing generator. 

This will generate the 2 DSACK signals back to the processor. It 
also contains a watch dog timer to prevent any hang up in the system 
if an incorrect memory position was decoded. The watchdog will take 
place only after the HIT line has been activated, and 32 CPU clock 
cycles hdve gone by. 

CLK ; 1 
GP DAI ;2 
NeTo ;3 
PT DAI ;4 
NcT1 ;5 
HIT! ;6 
RW ;7 
AS! ;8 
NC2 ;9 
GND ;10 GND 
OE ; 11 
CNTO ;12 
CNT1 ; 13 
DSACK 1! ;14 
RD WR ;15 
DEY ;16 
CNT2 ; 17 
CNT3 i 18 
AS RST! ; 19 
PW1f ;20 is VCC 

i 
iMust have a 2 line break between pin descriptions and equations. 

CNTO := IHI'T! * ICNTO 

CNT1 := ,UTI u CNTO ff ICNT1 
+ IHIT! * ICNTO * CNT1 

CNT2 := IHITI it ICNT2 * CNT1 If CNTO 
+ IHIT! * CNT2 If ICNT1 
+ IHIT! If CNT2 * ICNTO 

CNT3 := IHITI * ICNT3 If CN'T2 .. CNT1 it CNTO 
+ IHIT! If CNT3 Of IGUT2 
+ IHI!! * CNT3 If ICNT1 
+ IHIT! If CNT3 * /CNTO 

:= IHITI iii CNT3 Ii IGP DA! If PT DAr ;Wait 8 cycles fast 
+ IHIT! * CNT3 * CNT2 * IPT-DAf ;Wait 12 cycles slow 
+ IHIT! .. CNT3 If CNT2 1& CNY' iWatch dog timer 

IDSACK1 ! 

IDE! := IHIT! It eNT1 jDelay because CNTO is not 
+ IHIT! /;; CNT2 included. 
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+ IHIT! * CNT3 

IRD WR a_ IHIT! * IRW * CNTQ * ICNT3 if IGP DA! 
+ IHIT! * IRW * CNT1 * ICNT3 * I GP-DAI 
+ IHIT! * IRW * CNT2 * ICNT3 * IGP-DA! ;********* 
+ IHITI * IRrl u ICNT3 * IPT-DAf 
+ IHIT! if IRrl if CNT3 * ICNT2 if /PT-DAf 

lAS RSTI . - /DSACK11 n ASf . -
DESCRIPTION 

The CNTD - CNT3 are the counter lines. When HITI is low, these lines will 
count CPU cycles. When HITI is high, they ~re reset to o. 
if If the board has been HIT, and neither a PT DA! or a GP DAI respond, then 
* the watch dog timer will generate DSACK1! and AS RST! after 16 CPU cycles. 
if If a PT DA or a GP DA has happened, then DSACKI-will be generated after 4 
* CPU cycles. -
* 
U The PT DA and GP DA have been removed. 

DEI is the data enable for the Bidirectional latches that are on the CPU 
DATA lines. DEI Becomes active 1 CPU cycle after HIT! becomes active. It 
stays active as long as HITI is active. 

RD/WR! is the Read/Write line. This signal is based on the RW line 
generated from the CPU. If RW is high (CPU reading from external RAM) then 
RD/WR! line will be high. If RW is low (CPU Writing to external RAM) then 
RD/WR! will go low when HIT! goes low and stay low for 3 CPU cycles. It will 
go high 1 CPU cycle BEFORE DSACK is generated. 

AS RSTI is the AS reset line. It is used to reset the FF after AS set it. 
It-is gated with the CPU AS! a~d DSACK. This is done to make sure that DSACK 
is asserted long enough (Once DSACK is asserted, it stays asserted until AS! 
goes inactive. 
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GAL20V8 7/21/87 
FILENAME: 'ut3 cnt4.pld' 
AUTHOR: James Vig Sherrill 

4 bit extension counter with address decodes 

COUNT 
NCO 
LOAD 
AD 13 
AD-14 
AD-15 
AD-16 
NcT 
NC2 
NC3 

The oounter is a syncrounous 4 bit oounter with syncrounuous load. 
It is designed to be used with a ut3 ont7.pld and a ut3 cnt6.pld to 
yield a total of 17 address lines. This gal provides bits 
Address[16:13J. Also it decodes the outputs Address[16:15J into 4 
seperate address decodes. 

ICSO! = 
ICS11 = 
ICS21 = 
ICS3! = 

IA16 .. IA15 
IA1ci l! A15 

A16 '! IA15 
A16 it A15 

jPIN 1 is COUNTER CLOCK pin table begins on line 5 
iNot used 
;PIN 3 is LOAD 
;Address input 13 
jAddress input 14 
jAddress input 15 
jAddress input 16 

j 
C IN 
GND 
OUT EN 
NC4-

jCarry IN 
;GND 
jOutput Enable (ACTIVE LOW) 
JNOT USED 

C 13 
C-14 
C-15 
C-16 
C"S'O! 
CS1! 
CS21 
CS3! 
NC5 
PWR 

; 

jAddress 13 
jAddress 14 
;Address 15 
jAddress 16 
jChip Select 0 ACTIVE LOW 
iChip Select 1 ACTIVE LOW 
jChip Select 2 ACTIVE LOW 
jChip Select 3 ACTIVE LOW 
JNOT USED 
jPin 24 power 

;Must have a 2 line break between pin descriptions and equations. 

C 13 

C 14 

.- LOAD If AD 13 
+ ILOAD * IC-'3 * 
+ ILOAD. Ie-IN * 
. -.- LOAD .. 
+ ILOAD if 

+ ILOAD ~ 
+ ILOAD * 

AD 14 
IC-14 If 

C-14 * 
IC-IN * 

C IN 
C:13 
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C_15 . -.-
+ 
+ 
+ 
+ 

e 16 := 
+ 
+ 
+ 
+ 
+ 

ICSOI = /CS01.0E = 
/CS 1! = /CS1!.OE = 
ICS2! = /CS21.0E = 
ICS3! = 
ICS31.0£ = 

DESCRIPTION 

LOAD * AD 15 
ILOAD * IC-15 * C 14 * C 13 if C IN 
ILOAD * C-15 * IC-14 - * C-IN 
ILOAD * C-15 * IC-13 if C-IN 
ILOAD If Ie-IN if e:15 

LOAD if AD 16 
ILOAD * IC-16 if C 15 * C 14 * C 13 * C IN 
ILOAD * C-'6 it IC-15 * C-IN 
ILOAD if C-16 if IC-14 rf C-IN 
ILOAD * C-16 * IC-'3 * C-IN 
ILOAD * IC-IN If C-16 

IC 16 * IC 15 
lOUT EN 

/0 16 * C 15 
lOUT EN 

C 16 * IC_15 
lOUT EN 

C 16 * C 15 
lOUT EN -
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GAL20V8 7/21/87' 
FILENAME: 'ut3 cnt4.pld' 
AUTHOR: James Vig Sherrill 

4 bit extension counter with address decodes 

The counter is a synchronous 4 bit counter with synchronous load. 
It is designed to be used with a ut3 cnt7.pld and a ut3 cnt6.pld to 
yield a total of 17 address lines. This gal provides bi'ts 
Address[16:13]. Also it decodes the outputs Address[16:15J into 4 
separate address decodes. 

ICSO! = 
ICS 11 = 
/CS2! :: 
ICS3! = 

COUNT 
NCO 
LOAD 
AD 13 
AD-'4 
AD-'5 
AD-16 
OU'T' ENl 
NC2-
NC3 
C IN 
GND 
OUT EN2 
NC4-
C 13 
C-'4 
C-15 
C-16 
C~O! 
CS1! 
CS2! 
CS3! 
NC5 
PWR 

; 

IA16 * IA15 
IA16 1& A15 

A16 ;& IA15 
A16 * A15 

;PIN 1 is COUNTER CLOCK pin table begins on line 5 
jNot used 
jPIN 3 is LOAD 
jAddress input 13 
jAddress input 14 
jAddress input 15 
jAddress input 16 

; 
;Carry IN 
jGND 
jOutput Enable (ACTIVE LOW) 
JNOT USED 
jAddress 13 
jAddress 14 
;Address 15 
jAddress 16 
jChip Select 0 ACTIVE LOW 
jChip Select 1 ACTIVE LOW 
;Chip Select 2 ACTIVE LOW 
jChip Select 3 ACTIVE LOW 
JNOT USED 
jPin 24 power 

iMust have a 2 line break between p,in descriptions ana equations. 

C 13 .- LOAD * AD 13 .-
+ ILOAD * IC-13 .. C IN 
+ ILOAD * IC-IN * C:13 

C 14 := LOAD * AD 14 
+ ILOAD * IC-'4 * C 13 it C IN 
+ ILOAl) .. C-14 * IC-13 * C-IN 
+ ILOAD * Ie-IN * C-14 
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C 15 

C 16 

ICSO! 
ICSOI.OE 

ICS 1! 
ICS1!.OE 

/CS2! 
ICS2!.OE 

ICS3! 
ICS31.0E 

:= 
+ 
+ 
+ 
+ 

:= 
+ 
+ 
+ 
+ 
+ 

= 
= 

= 
= 

= 
= 
= 
= 

LOAD * AD 15 
ILOAD * IC 15 If C 14 * C 13 If C IN 
ILOAD * C-15 * IC-14 - * C-IN 
ILOAD If C 15 If IC-13 If C-IN 
ILOAD If IC-IN If C-15 

LOAD .. AD 16 
ILOAD If IC-'6 If 

,., 
15 " C 14 it C_13 * C IN J 

ILOAD If C-16 * IC-15 .. C-IN 
ILOAD .. C-'6 If IC-'4 If C-IN 
ILOAD If C-16 If IC-13 if C-IN 
ILOAD .. IC-IN If C-16 

Ie 16 If IC 15 
lOUT EN1 -

IC 16 It C_15 
lOUT EN 1 

C 16 * IC_15 
lOUT EN1 

C 16 .. C_15 
lOUT EN1 
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GAL20V8 7/29/87 
FILENAME: 'ut3 da1.pld' The timing generator for all the DIA circuits 
AUTHOR: James Vig Sherrill 

CLK 
HIT 
LOAD 
RUN 
CONV IN 
CNTO-
CNT1 
CNT2 
CNT3 
DO 
D1 
GND 
OE 
NC 
STOPI 
C END 
Ne 
CNT CLK 
AD OEI 
AD-LD 
RAR OEI 
RAM-WR! 
REsEt I 
PWR 

ISTOP! 

C END 

CNT eLK 

lAD OEI 

This GAL will generate all the timing necessary to run the DIA 
section. It is a clocked device. The signal inputs and outputs are as 
follows. 

CNTO-CNT3 The count lines that all the timing is based upon. 
These lines count from 0000 to 1111 (16 total states). 

DO,D1 Inputs from the Definicon controller. 

;PIN 1 '( IN) 
;2 (IN) 
;3 ( IN) 
;4 (IN) 
;5 (IN) 
;6 (IN) 
;7 ( IN) 
;8 (IN) 
;9 ( IN) 
; 10 (IN) 
; i 1 (IN) 
; 12 GND 
; 13 (IN) 
; 14 ( IN) 
; 15 (OUT) 
;16 (OUT) 
; 17 (OUT) 
;18 (OUT) 
; 19 (OUT) 
;20 (OUT) 
;21 (OUT) 
;22 (OUT) 
;23 ( IN) 
; 2LI POWER 

: = /CNT3 .. CNT2 * CNT1 it DO * RUN .. HIT 
+ /CNT3 * CNT2 * CNT1 • LOAD 
+ /CNT3 * CNT2 * CNT1 .. /RESETI 

:= CNT3 * CNT2 .. CNT1 * CNTO 

:= /CNT3 .. /CNT2 * CNT1 .. LOAD 
+ CNT3 it CNT2 .. /CNT1 • CNTO * RUN 

. - CNT3 * RUN * HIT . -



I 
I 
I AD LD 

+ CONV IN 

0- /CNT3 .. RUN ~ HIT 0-

I /RAM OEI 
RAM-OE! .OE 

+ CONV HI 

· - /CNT3 * RUN * HIT · -
= /CNT.3 * RUN * HIT 

I /RAM WR! 
RAM-WR! • Or.; 

· - CNT3 * ICNT2 * RUN If HIT .-
= CNT3 * /CNT2 .. RUN * HIT 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I· I; 

.,' 
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GAL20V8 7/21/87 
FILENAME: '·ut3_cnt7. p ld .. ' 
nUrHOR= James Vig Sherrill 

7 bit general purpose counter 

The counter is a synchronous 7 bit counter with synchronous load. 
The carry_out bi,t becomes valid only when bits 0 through 6 are 1. Ther':';;! 
is no CARRY IN bit used, this will ALWAYS count or load. 

COUNT 
NCLR 
I.DAD 
LD 0 
I.D-1 
LD':2 
1..1) ,.:3 
LD_4 
1.1) ..• 5 
LD_6 
)\10·" 
GND 
nUT .EN 
NCO 
C_O 
C_l 
I~ :2 
C -.:;. 

_0_1 

C 4 
C_5 
C /:" 
C_OUT 
NCO 
PWR 

; 

;CJock 
;NOT USED (Possibly used as a clear) 
;LOAD strobe 
;load input 0 LSB 
; load inPLlt .1 
;load input 2 
; Load i ,'J II: :;:: 
; Load. inpLlt 4, 
; Load i ; >J 0 i: :5 
;Load input 6 MSB 
;NOT USED 
;GND 
;Output Enable (ACTIV~ lOW) 
;NOT USED 
;Ce.,llt <) 

;Count 1 
; C '. 10) I~ 2 
; CQLlnt :~: 

; C ;1) t. 4 
;Count 5 
; C .,.,:: ~t 

;Carry OUT 
; Not LlsetJ ; npu't 
;PIN 24 IS VCC 

;Must have a 2 line break between pin descrip£ions and equations. 

C (I · - LOAD * LD (I ;LOAD -
+ ILOAD * IC (I ; ,';1 ;nu=: -

C 1 · - LOAD * LD 1 ; LOAD - .- -
+ ILOAD * IC 1 * C _0 ; 1:11 a31.t-:: -
+ ILOAD * C 1 * IC 0 ; HOLD - .--

r.; .-~! · - LOAD * LD .-, ;LOAD .- -.!.. 

+ ILOAD * IC _2 * C 1 * C - (I ; TOGGLE -+ ILOAD * C _2 * IC 1 ; Hnl.D 
+ ILOAD * C .-, 

* IC (I ;HOLD - .!.. -
C :3 · - LOAD * LD -~: ;LOAD - · -

+ ILOAD * IC :3 * C .-, 
* C_. 1 * C 0 ; TOGGLE - .-.!.. -

+ ILOAD * C :3 * IC 2 ; HrJl.D - -
+ ILOAD * C ~: * IC " ; HOLD -
+ ILOAD * C .:;. 

_0_1 * IC (I ; HOLD .--
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C 4 -

C 5 -
EL 

C J:, 

FI_ 

C OUT 
C .OUT.OE 

· - LOAD · -
+ ILOAD 
+ ILOAD 
+ ILOAD 
+ ILOAD 
+ ILOAD 

· - LOAD · -
+ ILOAD 

+ ILOAD 
+ ILOAD 
+ ILOAD 
+ ILOAD 
+ ILOAt! 

· - LOAD 
+ ILOAD 

+ ILOAD 
+ ILOAD 
+ ILOAD 
+ ILOAD 
+ ILOAD 
+ ILOAD 

= ILOAD * = PWR 

* LD 4 

* IC _4 * 
* C 4 * -
* C _4 * 
* C 4 * -
* C _4 * 
* LD 5 

* IC I:::-
_,_I * 

* C 5 * -
* C 5 * -
* C 5 * -
* C 5 * --
* C_ 5 * 
* LD 6 

* IC ~o * -

* C ~o * -
* C 6 * -
* C ,:., * -
* C ~o * -
* C C;o * -
* C _~o * 

C ~o * -

;LOAD 
C _:3 * C _:"2 * C 1 * C (I ; TOt ,I a.l':: -- -IC :;: ; HOLD -IC _2 ; HOLD 

IC 1 ; HOLD -IC _0 ; HOLD 

C 4 * C -:::: * C __ 2 * -
; LOAD 

C 1 * C 0 ; TOG13 - -
IC 4 ; HOLD -IC :::: ; HOLD 
IC ::2 ;HOLD -IC 1 ;HOLD 
IC (I ;HOLD -

C 5 * C 4 * C 3 * C - - -
; LOAD 

2 * C 1 * C (I ;TOGG - - -
IC 5 ;HOLD 
IC 4 ; HOLD 
IC :::: ; HOLD 
IC "2 ; HOLD -IC 1 ;HOLD -IC _0 ; HOLD 

C 5 * C __ 4 -- * C -:::: * C 2 * C 1 * C (I -- -- -
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13()I.:20V:::: 7/:29/f~.:7 
FILENAME: 'ut3.dal.pld' The timing cenerator for all the D/A circuits 
AUTHOR: James Vic Sherrill 

CLf< 
C OUT 
LL 
(~L 

CNVT IN 
CNTO 
CNTt 
CNT2 
CNT:::1 
00 
Dl 
fiND 
DE 
mJN 
LOOF' Cf< 
ADD LD 
ADD CLK 
(If-ID DE! 
NC! 
I:NVr OUT 
STOP! 
C I:::ND 
NCO 
r'WR 

C END 

I~NVT OUT 

ADD CLf< 
·0' 

ADD LD 

LOOP CI< .. -

This GAL will generate all the timino necessary to run the D/A 
section. It is a clocked device" The signal inputs and outputs are as 
follows" 

CNTO-CNT3 The count lines that all the timinq is based upon. 
These lines count from 0000 to 1111 (16 total states). 

~F'IN 1 (IN) 
~2 (IN) Carry Out from LOOF' COUi\f 112R 
~ :::: (IN) Indicatinc a Loop Load is running 
~4 (IN) Indicating an Address Load is rLtnr1 inq 
~5 (IN) Indicatino a CONVERT is runninq 
~ t, (IN) LSB of COLtnl:er 
~7 (IN) 
~ ~=: ( iN) 
~ ':" (IN) MSB of counter 
~10 ( IN) Data line DO. indicates a STOP bit 
dl (IN) Data line Dl. indicates a LOOP bit 
: 12 GND 
~ 1:;: ( IN) 
;14 ( IN) Running the D/A Convt • .::r' 
~15 (OUT) Clocks the LOOP Counter' 
~ 1 t, (OUT) Loads the Address COl .. ,I:f?r~ 

d7 (Oun Clocks the (.:lddress Counter 
; 1 ::: (OUT) Enables the Address Counters OLltOLti:·; 
~ 11~1 (OUT) Not used 
~20 (OUT) Convert siqnal to actual D/A lai.:che'5 
~ 21 (OUT) Resets RUN on DO or RESET or AL or LL 
;22 (OUT) A pulse always on CNT = 15 
~ 2:::: (IN) NOT USED 
;24 F'O~'JER 

"- CNT:::1 * CNT2 * CNT1 * CNTO CNT = 15 " --
" - ICNT:::: * ICNT2 * RUN · -
+ CNVT IN 

"- CNT~: * ICNT2 * CNTl * ICNTO * RUN :RUN * 10 · -
+ CNT:? * IC"IT2 * CNTl * ICNTO * AL :AL * to 

"- CNT:;:: * ICNT2 * RUN * Dl * /C OUT · -
+ CNT:? * ICNT2 * AL 

"- ICNT:;: * CNT2 * CNTl * ICNTO * RUN * D1 * IC OUT " -

......--------~~ ---.------.. 
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+ 
+ 
+ 

ISTDP! . -. -
+ 
+ 
+ 
+ 
+ 
+ 
+ 

IADD DE! . -

ICNT:::: * CNT:2 * ICNT:3 .If- CNT2 * ICNT:::: * CNT2 * 
ICNT:3 * CNT2 * ICNT:::: * CNT2 * ICNT:3 * CNT2 * ICNT:::: * CNT2 * ICNT:::: * CNT2 * ICNT:::: * CNT2 * ICNT:;: * CNT2 * ICNT3 * CNT:2 * 

RUN 

CNTl * CNTO * RUN * D1 * IC fill r 
Ct-.lT1 * ICNTO * LL. 
CNT1 * CNTO * LL 

CNTl * ICNTO * RUN * DO 
CNTl * CNTO * RUN ~~. DO 
CNTl * ICNTO * LL 
CNTl * CNTO * LL 
CNTl * ICNTO * AL 
CI\lTl * CNTO * AL 
CNTl * ICNTO * CNVT IN 
CNTl * CNTO * CNVT IN 
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GnL20V8 7/25/87 
FILENAME: 'ut3 dech.pld~ Upper decod~r for Definicon interface. 
(lIJTHOR: James Viq Sherri 11 

This is the upper decoder for the definicon systems board 
that fits inside an IBM PC-AT/XL It decodes the address in'l"" "2 
sections: 

IN HEX 16th MEG to 17th MEG 
Lower MEG 

Address[31:20J decoded on pin 18. ~HIT H~ 010X XXX X 
Address[31:16J decoded on pin 19, ~HIT L~ 0104 XXXX 

ADD~:l ~ 1 
nDD?') ~ ~'2 
ADD29 ~ :~: 
(~DD2:::: ;4 
ADD27 !:5 
f\O[I';~I.:, ~ I:. 
ADD25 ~7 
{40:C1:24 ~ ::! 
ADD2:~: ~ -;-1 

(\J)O'22 ~ 10 
ADD21 ~ 11 
J3l\1D ~ IjND 
ADD20 ~ 1'':' '-' 
:IOIH '7 ! 14 
ADD 1:::: =15 

\1)j):I. 7 : 16 
ADD16 ~ 17 
Ii.!, r H! : 1. r~ 
HIT H . 1.';;1 , 
Hlr 1- ~ ',:::0 
EXTGEN! ~ ~"21 
fli=£L 0 ~ ",;'°,2 
AS! ~ 2:~: 

?L'JR ~PIN 24 ' " i/r:;c I,., 

. 
;Must have a 2 line break between pin descriptions and equations. 

IHIT H = IADD31 * IADD30 * IADD29 * IADD28 =010X . XXX X 
* /ADD27 * IADD26 * IADD25 * ADD24 
* IADD23 * IADD22 * IADD21 * IADD20 * lAS! 

II-lIT L - IADD:;:1 * IADD:30 * IADD2';:1 * IADD2:;:: ~O104 , XXX X 

* IADD27 * IADD2e, * lADD25 * ADD24 

* IADD23 * IADD22 * IADD21 * I (40I:1'~::O 

* IADD10:,1 * ADD1S * IADD17 * IADD1e, * lAS! 

/HlT H! = IADD:;ll * IADI):;:O * IADD2':'1 * IADD2S :010X XXXX , 

* IADD27 * IADD26 '* IADD25 * ADD24 

* IADD2:3 * IADD22 * IADD21 * IADD20 ~, lAS! 
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IEXTGENI = IADDSI * IADDSO * IADD29 * IADD28 ~OIOX • XXXX 
* IADD27 * IADD26 * IADD25 * ADD24 
* IADD23 * IADD22 * IADD21 * IADD20 * lAS! * DEL D 

O~SCRIF'TION 

The HIT H is HIT HIGH. This is used to decode any where in the active 
t MEG that the decode loqic will be usinq. The address decoded is set OIOX. 
XXXX in HEX. or 0000 0001 0000 XXXX xxrx xxxx XXXX XXXX in binary. The 
H[T '- bit is used to decode the address a little further. This is fr")rI'I 

0100.XXXX in HEX or 0000 0001 0000 0000 XXXX XXXX XXXX XXXX in binary. 
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(3AI .. 20V8 7/25/87 
FILENAME: 'ut3decl.pld' Lower decoder for Definicon interface. 
AUTHOR: James Viq Sherrill 

This is the upper decoder for the definicon systems board 
that fits inside an IBM PC-AT/XT. It decodes the address int,) 2 
sections: 

BINARY 

Address[15:6J decoded on pin 18, 'HIT H' 0000 0000 OXX XXXX~ 

ADD15 
ADD14 
ADD 1:::: 
r~l)D t :,2 
ADDU 
ADD10 
ADD'? 
:'1DD8 
ADD7 
(~J)D/:o 

NCO 
!c/l.lO 
NCl 
l'IC'2 
NC:::: 
NC4 
NC5 
j\J1~f:. 

HIT! 
\II.~'! 

NC:::: 
\II'~9 

AS! 
Pt~R 

. . 
;Must have a 2 

/HIT! 

CESCRIPTION 

~ 1 A[15J 
;2 r,c 14] 
~ :3 A[ 1:3J 
~4 HI l'n 
~5 A[ll.J 
~6 :''01" to] 
~7 A[9J 
~ I::: (~r t';:!] 

~';I A[7J 
~ 10 {H6J 
=11 
~ r;i'm 
~ 1 :::~ 
:14 
~15 
: 1/:-

~ 17 
1:3 

~ 1 S", 

:.W 
~21 
~ '~~'~2 

= 2:;: 
~ F'IN 24 I!J vee 

line break between pin descriptions and equations. 

= IADD1.5 
* IADD11 
* IADD7 
l' lAS! 

* IADD14 * IADD13 * IADD12 
* IADD10 * IADD9 * /ADD8 
* IADD6 

;0000 0000 OOXX XXXX 

The Hit output will be active when all the address inputs and AS are 
i~ql.lial to O. This is not a clocked machine. 

I 
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GAl16V8 7/21/87 
FILENAME: 'ut3. dsak.pld' 
(.)IHHOR: .James Viq Sherri 11 

DSACK* timing oenerator. 

This will qenerate the 2 DSACK siqnals back to the processor. It 
also contains a watch doq timer to prevent any hanq up in the syst;!m 
if an incorrect memory position was decoded. The watchdoq will take 
place only after the HIT line has baen activated. and 32 CPU clock 

• cycles have qone by. 

ClK d 
13P DA! ~ ~2 
NClC) ~ :3 
:..;'r DA! ~ 4· 
NCII ~5 
HIT! ; (:, 
RW ~7 
(48! ~ ::: 
NC2 ~9 
13NO ~10 I3ND 
DE ~ 1. 1 
1:/'oITO ~ 12 
CNTi ~ 1. ::;: 
OSAC~(1 ! ~14 
RD WR d5 
DE! ~ 11:, 
CNT2 ~ 17 
I~Nr:::: ~ 

1 ,., 
I':, 

CNT4 ~ 1.9 
':'\vR ~20 i \:~ vr.c 

~ 

~Must have a :'2 line break between pin descriptions and 8quationfi. 

CNTO · - IHIT! * ICNTO 

8N1"1 ,- IHIT! * CNTO -!I' /eNf1 · -
+ IHIT! * ICNTO * CNT1. 

I~NT"2 · - IHIT! * ICNT2 * CNTi it· I.~NTO 
+ IHIT! * Cf'.!;2 * ICNTi 
-I- IHIT! * CNT2 * ICNTO 

CNT::;: .- IHIT! * ICNT::;: * CNT2 * CNTl * CNTO 
+ IHIT! * CNT::;: * ICNT2 
+ IHIT! * CNT:;:: * ICNT1 
+ IHIT! * CNT:::: * ICNTO 

CNT4 · - IHIT! * ICNT4 * · - CNT::;: * CNT2 * CNTI * CNTO 
+ IHIT! * CNT4 * ICNr:::: 
-I- IHIT! * CNT4 * ICI\lT2 
+ IHIT! * CNT4 * ICNT1 
-I- IHIT! * CNT4 * ICNTO 
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IDSAC~<l ! · - IHIT! * CNT2 * IGP DA! * PT DA! ~ vJai t 4 cycles · -
+ IHTT! * CNT4 * CNT:3 * IPT DA! =Wait 2:=: cycles 

I'! 

IRD WR · - IHIT! * IRtl! * ICNT2 * CNTl * IGP DA! * PT DA! · -
+ IHIT! * IRW * ICNT2 * CNTO * IGP DA! * PI (IA! 
+ IHIT! * IRW * ICNT4 * CNT~: * IPT DA! 
+ IHIT! * IRW * ICNT4 * CNT2 * IPT DA! 
+ IHIT! * IRtl! * ICNT4 * CNTl * IPT DA! 
+ IHIT! * IRW * ICNT4 *" CNTO * IPT DA! .. 

+ IHIT! * IRW * CNT4 * ICNT~: * IPT DA! 

lDE! = IHIT! * CNTl * CNTO 
+ IHIT! * IDE! 

01: ! • DE = P(I/R 

DESCRIPTIO'" 

The CNTO - CNT3 are the counter lines. When HIT! is low. these lines will 
count CPU cycles. When HIT! is hiqh. they are reset to O. 

fast 
slo 

* If the board has been HIT. and neither a PT DA! or a GP DA! respond. then 
* the watch doq timer will qenerate DSACK1! after 32 CPW cycles. 
* If a PT DA or a GP DA has happened. then DSACK! will be qenerated after 4 
-:t- CPU eyc I es. 

* * The PT, DA and GP_DA have been removed. 

OE! is 1:he datc., enable for thE! Bidirectional latches that are on thE" ::::'IJ 
DATA lines. DE! Becomes active 1 CPU cycle after HIT! becomes active. It 
st4YS active as lonq as HIT! is active. 

RD/WRI is the retimed Read/Write line. This siqnal is based on the RW line 
(~en~rated from the CPU. If RW is hiqh (CPU read ina from external RAM) th8n 
RD/WR! line will be hiqh. If RW is low (CPU Writinq to external RAM) then 
~n/WR! will qo low when HIT! qoes low and stay :aw for 3 CPU cycles. It will 
qo hiqh 1 CPU cycle BEFORE DSACK is qenerated. 

AS RST! is the AS reset line. It is Llsed to reset the FF a ftc,;" (~!~ ."s,et. i -l::. .. 
It is qated with the CPU AS! and DSACK. This is done to make sure that DSACK 
is asserted lonq enouqh (Once DSACK is asserted. it stays asserted until AS! 
ql?I:!S inactive. 
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GAL20V8 7/28/87 
FILENAME: UT3.GPAD.PLD This is the Gereral Purpose D/A Decoder 
AUTHOR: James Viq Sherrill 

This qal will decode the DAdress lines and qenerate the proper 
select signals for the D/A converter. It will qenerate all the 

· , · , 
CS*, ~D/WR, and DE lines for the static RAM. They will be 
:\:". l~.:~ :1-_ '.:':.':,m *. "'1\ *. ~;.;.~. FL t' L •..... .. ... ~ t. t. . T h ..;; .-.. ...... L' _I ... 1 -;T. :::> .... :: .... , ..... ::1 ...... }' ~ 'i;,,',\ f'l VII CJI .a C :JL ......... e- _ e- ...... "~ '" 

<; are DAdd~~~~C19=153. the- HIT~ 
siqnal from the DAdress decoder. INUSE! siqnal from the D/A logic, 
RD/WR! signal from the 68020, and the CPU CLOCK. 

NCCLf::: · 1 , 
1~.l9 ~ ~2 
A18 ; :3 
M7 ;4 
A16 ~5 
Pd!.3 ; /:. 
HIT! ;7 
,(N . USE! ~ :::: 
RW ~9 
OS! ~10 
NCl ~ 11 
GND ; 12 1 :~I~I JNO 
DE · 1:::: · NC:2 1 l'l 
CS::::! ; 1,5 
GS:2! ~ 16 
CS1! · 17 , 
I~SO ! : t :::~ 

RAI'1 DE! · 19 .. , 
1;0[1 ItIR! ~ ';;0 
DE! ~ :"21 
i""~:~: ! ',;0'2 

NC4 ~ 2:::: 
r:"I,IJR ;24 . l'f:JER 

· · ; Must have a .-. 
4 line break between pin descriptions and equations. 

ICSO! = IHIT! ir Al'~1 * IA1::: * lAP * IA16 1000 xxxx :;:X 
IGSO!. DE = IHIT! * A19 * fA H:: * fA17 * fA16 1000 XXXX :;::X 

ICSl ! = IHIT! * A19 * 1Al,8 * IA17 * AU:. 1001 XXXX 9X 
ICS1! • DE = IHIT! * A19 * I A H:: * IA17 * Al(:. 1001 XXXX ';1 X 

ICS2! = IHIT! * A19 * IAl,B * A17 * IA11.:. 101.0 XXXX AX 
ICS2!. DE = IHIT! * A19 * IA18 * A17 * IA 1 1.:. 1010 XXXX fiX 

ICS::::! = IHIT! .:l- Al'~1 * IA1::: * A17 * All.:. 1011 XXXX BX 
ICS;~:!. DE = IHIT! * A1'~1 * IA1::: * A17 * A16 1011 XXXX BX 

IRAM DE! = IHIT! * (~19 * IA1::: 10XX XXX X IRW HIT! 
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/HAI"I DE!. DE == IHIT! * Al';;1 * IA1::: 10XX XXXX 1m',! HIT! 

IRD .. _WR! = IHIT! * A19 * I AU:: * IRW 10XX XXXX 
IRD t~R! • DE = IHIT! * A1'? * IA1:3 * IRW 10XX XXX X --

IDE! = IHIT! * A19 lXXX XXXX 
IDf:! • DE = IHIT! * A19 lXXX «XX 

DESCRIPTION 

This is the decoder set for the D/A section. The CS* lines are rn a I::> 1=) lEE' c::1 
s 
shown beloto.!: 

0000 0001 0000 0000 0000 0000 0000 0000 
). CSO! 0100 0000 to 0100 

c 
I 

0000 0001 0000 0000 0111 1111 1.111 1.111 
0000 0001 0000 0000 1000 0000 000'· ·")0 

)- CSl ! 0101 0000 to 01.01 
F 

0000 0001 0000 0000 1111 1111 1111 1111 
0000 0001 0000 0001 0000 0000 0000 '-::00 

) CS2! 0102 0000 to 0102 
c 
I 

0000 0001 0000 0001 01.11 1111 1111 1111 
0000 0001 0000 0001 1000 0000 0000 0000 

) CS:~:! 01.0:::: 0000 to 010:3 
F 

0000 0001 0000 0001 lll1 111.1 1111 1111 

RPII·1 DE! is the RAM OLltPLlt Enable. this is active 1 o \-'1 and decoded onlv whr~11 
r€~adinq from the area 0100 0000 to 010:~: FFFF (25ISk). 

FFF 

FFF 

FFF 

FFF 

RO ~R is the RAM ReadlWrite line. This is lew only when writino to the area 
OjOO 0000 to 0103 FFFF (256k). 

DE! is the Data Enable sional that tells the DSACK GAL that data an liD is 
takinq place in the decoded area. It is active low and only in the area 
01.00 0000 to 0103 FFFF (256k). 

a 
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i3AI.:20V:::: 7/2F.:/8'7 
FILENAME: UT3 ?TAD.PLD This is tha AID caneral 1/0 port. 
AUTHOR: ..James Viq Sher'ri 11 

This gal decodes the low level control memory positions for the D/A 
converter. The dacodinq is qiven at the end of the document. 

NO 
~ 

CLK · 1 , 
A5 ~ :::"! 

A4 ~ ::: 
A:3 ~4 
A2 ~5 
(:'.) 1 ;6 
HIT HI ~7 
HlT 1- ! ~ :::: 
Rl-l/ · c, · , 
NDINO ~to 
NOIN1 d1 
I3ND =12 I" ."r\lD 
NO DE ... ~ 1.:::: 
DS! ~ 1.l.~ 
AD .. LOAD ~15 
l':i[t START ~16 
AD 

~ ... OUTl ;17 
AD DUn! ~ ['.=-'-' 
AD OUT:::: ~ :I. '7 
(lD RDWR! ::20 
AD ,-. READ ::21 
()D DE! ~ ')2 
NC4 ~ 2:::: 
:·:'~\JR ::24 I-'!' ~JJt:R 

. , 
~ Must have <" • 

,- line break between pin descriptions and equations. ..::. 

AD START -- = IHIT H! * IHIT L! * A5 * IA4 '* IA~3 * IA2 * IAl * IRti,) 
:~D START. DE .- = P\lJR 
AD LOAD = IHIT H! .. * IHIT L! * A5 * IA4 * I A:::: * IA2 * Al -ll. IRltJ 
'::)[1 LOAD.OE = F'WR 
AD READ = IHIT H! * IHIT L! * A5 * IA4 * IA~: * A'~' ..:. * IAi * RW -
(1[1 READ. DE :: PWR 
AD OUTl = IHIT H! * IHIT L! * A5 * IA4 * I A:::: * A2 * Ai * IRW .. 
AD OUT1.0E - PWR 
lAD OUTl ! = IHIT H! ~. IHIT L! * A5 * IA4 * IA3 * A'-' ..::. * Ai * IRllJ ... 
lAD OUTl!. DE = PltJR 
AD OUT:::: = IHIT H! .)f IHIT L! * A5 * IA4 * A'-' * IA2 * IAi * IRW .. ... ,. . .:, 
AD OUT:3. DE = PltJR 

lAD RDWR! = IHIT H! * IHIT L! * A5 * IA4 * IRW 
('1D RDltJR!. DE = IHIT_.H! * IHIT L! * A5 * IA4 " r;:llJ 

lAD DE! = IHIT H! * IHJT L! * A5 * I ALl· 
'-' rm DE! • DE = IHIT H! * IHIT L! * A5 !l- IA4 
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DESCRIPTION 

Signal 

AD _START 
AD .. ~LOAD 
AD .READ 
AD_ DUn 
AD .. OUT2 
AD .. OUT:::: 

RD/~rJR 

WR only 
WR only 
RD only 
WR only 
WR only 
WR only 

Address decode 

0104 0020 
0104 0022 
0104 00'24 
0104 002~. 
0104 on·,::::::: 
0104 002A 
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GAL20V8 7/28/87 
FILENAME: UT3,PTDA.PLD This is the D/A Qen~ral 110 port. 
AUn~OR: James Viq Sherrill 

This gal decodes the low level control memory positions for the D/A 
converter. The decoding is given at the end of the document. 

NO -. CU::: d 
A!3 ~ :"2 
A4 .-, 

~ .:." 

,':\::: ~ 'i--
A'"':' .:.. ~5 
At ~ I:. 
HIT - , H! ~7 
filr LI ~ :~: 

RW ~ I~I 

1\11)1 NO : 10 
NOINi di 
GNJ) d2 (i1-i:OUND 
NO _. DE ~ 1 :::: 
DB! ~ 14 
DA -. DE! !;15 
Df-! . OUT ~ 16 
DA REG d7 
CIA START ~ 1 :::: 
DA 

'" 
AL ~ 1 ':." 

0(4 LL ~·.W 
DA PT WR ~21 
0(-'1 [lSAK! ~ :~'2 
NC4 ~ 2:::: 
P(~R ~:24 1 '!:~\)l::R 

~ 

; !,lust have a 2 line break beb'>/een pin descriptions and equations. 

DA ' , START = IHIT HI * IHIT, .. L! * IA5 * IA4 * I A:::: * IA2 * IA1 * IRW 
))(4 ,START. DE = PWR 

DA REG = IHIT H! * IHIT L! * IA5 * IA4 * IA:3 * IA2 * Ai * IRW ... 
D(4 _.REG. DE = PWR 

DA AL = IHIT H! * IHIT LI * '" .. IA5 * IA4 * I A:;; * A2 * IAl * IRW 
[1(4 (-4l.. DE = PWR . 

DA LL .- = IHIT H! * IHIT .. ,L! * IA5 * IA4 * I A:;: * A'-' ..::. * Ai * IR~J 
DA LL.OE = F'WR .. 

DA .. ~, OUT = IHIT ... H! * IHIT L! * IA5 ,,!- IA4 * A;;: * IA2 * Ai * IRW 
CIA .OUT. DE = PWR 

DA PT .. WR = IHIT H! * IHIT L! * IA5 * IA4 * A:3 * A2 * IA1 * IRW 
DA PT .... WR. DE = PWR 

IDA DSf'if:;:! = IHIT .. H! * IHIT L! 
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IDP\ DSf\f<! .OE 

IDA.DE! 

IDA DE!. DE 

OESCRIF'TION 

Signal 

D(~ .SH~RT 

DA ... REG 
O(.~ .• AL 
DA ..• LL 
DA OUT 
DA ... DA_F'T 

o(~ ,DE 

= F'wli 

= IHIT H! * IHIT L! * IA5 * IA4 
+ IHIT H! * IHIT L! * IA5 * IA4 
+ IHIT H! * IHIT L! * IA5 * IA4 
+ IHIT H! * IHIT L! * IA5 * IA4 .. 
+ IHIT H! * IHIT L! * IA5 * IA4 
+ IHIT H! * IHIT L! * IA5 * IA4 -

= IHIT H! * IHIT L! * IA5 

RD/t1JR Address decode 

WR only 0104 0000 
WR only 0104 0002' 
WR only 010'l- 0004 
WR only 0104 0006 
WR only 0101.1, OOOA 
t1JR only 0104· OOOC 

* IA:3 * IA2 * Ai ~DA REG 

* IA:=: * A'-' ..::. * IA1 ~DA AL 

* I A:;: * A~' .::. * Ai ~ DA LL 

* A'-:' '-' * IA2 * IA1 ~DA GP 

* A:':: * IA2 * Ai = DA CNVT 

* A::;: * A2 * IA1 =DA RD 

IDAPSAK! This siqnal is used to sional back to the DSACK qenerator 
that an access to the range 0104 OOOX has occurred. 
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Source code listinqs for freq qen.c and associated code. plotl:c. 
gl.c. and graph.c. which toqether comprise the frequency qeneration 
and analysis package. 
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:j-l'i nc:) ud e II si~d j o. h II 
;~lnt:ludt? "math.h" 

i************************************************************************** 
Deflnitions-

*«***********************************************~**************************1 

1* Colors for IBM DC ROM-BIOS calls *1 

~klefine black 
'!d:?'f i ne b I Ll(= 

#defin€;~ at~eer· 

';:I'h~flne C'lt;l.n 
#definr:? red 
tld'''''fine Duroll: 
fFdefine brown 
';d'~fil'l~ white 

:f/:de'rlnE' Iblack 
;~d~F.i.nF? Iblw= 
#define> 1(II~e~m 

;··dl,~·Fi.m? lcy;.;n 
*1 
~!'define Ired 

0::·::00 
'·';'.101 
0·::02 
o::·::();::;: 
0>::04 
O::{()5 

O~<O/':' 
1:·>::07 

0::·::0:::: 
0::.::09 
0:«:0.01 
O::·::Ob 

O::·::Oc 
::::j,·~~im= ID\.lrol,:~ C::::Od 
:f:j·dE·'=ine yellow O::<OE? 
~kh·~fi 11e 1l-'1r1 i t,~ (.il·::O f 

~dQfine hi_celor_fa 
!!:dl:?firF2 h 1.solaf' __ b(J 
Hciefl.nC::' 1..'.111_ co] ol~.Jq 
il:d I? i: 111'2 Llh 1 __ t: 01 or ... bo 

=lfdofinE' rll~.bar .coIor.Jq 
;::ojr,::finl'? m bar' color.bq 
~l:define flcj color_.fq 
Hd\·~-F in.;? fld "color .. bll 
#define opt .. colol" .. .fq 
Hdcfine oDt .. color_bq 

#define fr color fo 
·ii=d,::·Fin€? fr_color."bq 
:fl:dc~fine fr' .bar ... cCJ1 Ot··,. fq 
ihl'::i=ine fr .,b.ar .• color._bI'J 
#define fr hI color fa 
!!"df:~fine fr:hl-colar- b(1 
#define fr_uhl~color_fq 
#dofine fr_uhl_~clor_~q 
JhJ~Finl':' fr- _get._colm' ,fa 
#oefine fr ,aet._color_.bo 
i'dl;:?fim? fr._lTIess .. color_.fn 
~tClE:finl-' fr ... lTI!.'lSS".co 1 o,"' •• bg 

y~IIQW 

b 1.",r:k 
(",hi':.e 
blLlE? 

yellow 
b'l.l:J 
Whitt? 
b lr.I'~ 
wnite 
b l,.t~ 

yello\'J 
bilJ~ 
yelloN 
b lr,tE? 
yellot'" 
b 1 r;\t::k 
hJhite 
b 1 L.lC? 

Ired 
b hlo 
ll.~ j' ·':\c:,n 
blLle 

I~ COLORS are 4 bits long for mode 3 *1 

1* These colors, when used as backqr~und, ~i 
1* maks the foreground blink. 

1* ~ilianted ana Non hilighteci cCJlcrs ~I 

1* freauency editor stuff *1 
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••. tine fr bo:>( __ .i.en~ 
4kjefirl~i fl~. fld lena 
!!:df2i:in~ fr _oaoe 
#dE'fine fl~_mes!:>_.rol-J 
.J.kl~fine fr .. mess __ col 
#define fr _bo>::_rol.>J 
'!~define fr.:..bo~{ col 
#clefine fro!:>.col 
~h1*,')f i n8 fros_row 

#define Olli t col --
#d~fine Olli t rulo.l -. 
d·d",·,: 111e qr,;) cal 
tFdefine CtO row 
;~d(~':=ine first col .. 
#d~fine fil~st .. rOI-.' 

(J 

1 
0 
0 
'l 
<) 

17 
9 
(I 

i 
t 
::::0 
:3 

1* Menu position indices *1 

1·* He::< \'el~sions of Bo:::: c:haracters *1 

lhlefine tl O::<da 
ffdefine tJ~ O::<:bf 
;:;,j;:.?':= irit:? b 1 O';{L:O 
:j.td€"finE: LJt~ 0>:;09 
::·d:..:fillt: hzl: O:;·:cif 
Hdeofine ,/t··t 0)·::b4 
::d0~{:int:-:' len O::<c::~; 

#define rm O::::b:::;: 
ii·oj,: Fine: ·tm O:':'r::;~ 
fl:definf? bm (n,::c 1 .. 

:.".~fiIH~ c:,·mter f~':': f:!5 

#L.ic~·i:ine tl .. t.I O>::c:'i/ 
i;"10, f i. ne 'tt .. oj (;,:hiJ -. 
4r.define bJ c.i O>::C:?,:l . 
'1·;· oj f2'f' i n (~ br d 0;.: r.:II: 
4~defini:? hzt. d Ol<cd 
.:~ r~!-.~ 'F i ne vrt d (l~·::ba 
4idefine len d O::'::c:c: -;l.olef ine rrn oj ()·~·:b,,!J 

#define bTL. d O~·:.cb 
!~dp-fine brn .-oj U::'::l:'::\ 
#define cent.:!" d Ol<ce -

iioit-?fine blank 

#define rna~':_.l"lenl\ 7 
. ··'8·t=in~ 1TI<::\~':_rm·! 7 
~:·definE! ITIc\~:_col 2 
~deFine max_key 6 
f.~dC:1finE' lTIa~<:_ func_.dimen 

l/.d~f i m: r'i IJht .J::t:?Y 
tFc.!~:,-Fi ne 1. eft .. k!?v 
ii;define LlD _kgy 

1* single width box characters *1 

1* Double width box characters *1 

5 

O:;':"·,iOO 
O:a:JlbOO 
O)<!4:~:(JO 

1* dim~nsions for action vectors *1 

1* keyboard key valu.s to int86 *1 
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;·d,·?',:"i11e dO\.'Jn .. key 
~fdefine end_kE-'V 
J:.dl.;;) Fino-: return ... key 
#define plu~ •. key 
ikl,:ri.ne minlls_key 

#define mess_row 
·tf:dr=fine mass •. col 

#define stat_raw 
;l·dl-?·Fine stat._col 

:iJ:define act.pov4 
!~dr.:: j=int-: a.ct .. col 

fl:deiine s,eJ. .. row 
~idr:fine sel._col 
;~./ 

?Td(~fine ClLl(~_rOI': 

:i:,j.;:f i 11l"~ ClLle .• co 1 

#d(?fi.ne inf _.row 
;;dl:-:Firlt·? lnf col 

#define bm<:_t"'ow 
'!dn·j: i. 11(-': l)u;::: .co 1 

:::('~fine sfl . .t~o\'-I 
:0.11=.).;: i na sf 1 .,CD 1 

~IciefjnE:" sf2 rot'-l 
.id(:Fin~? sf'::::co.l 

#define fJ..).encl 
:l1.!'~·;: i 11:? 'F~7~ 1 ;"mq 

#de~ine mess_uno leng 
:j:d'.J·Fini.~ 1Ti(2~:;s_.ild Ip.nIJ 

Hdefine Olls .. und.) ~nc"1 
:ld!;?fin8 oLle .. fld Ip.no 

fFdefine si:.i:lt .. und.) emq 
:l·oj.:?f i ne stat .. f 1 d .• l enq 

~*define inf .. fid. lema 

ch~r in file[30J! 
1:11<:1;'" ot.tt fi leE::;:!)] l 
char b iC1;Llf[ 4·09&'.]: 
:: T U~ * 1 0 • .ot.r: 

O>::~5(i':)O 

O>::4f(!O 
O>,).I:Od 
O~<Lj e2b 
O::-::'l·a:2d 

.,:. 
'.' 
.-:. 
'.' 

I~:::: 

10 
::: 

4 
40 

bo::< .• 1~o\'-I+2 
L:! '.J::':: .• 1. r-. 1 I··:~ 

bm< .• row+: 
bo::<,.1. ';~' 1'.l7 

11 

J i::: 

H.:: 

1* file ilo variables *1 

I' / *,;H:H!-1r **·:;:'·:;:"~H~***·*·:l··:i-*********·******·-**-I('*·)!-*******-R **************,)!-*********·**·)l-':i-··HH~ 

I 
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Defini~on register descriotions for PC interfacinq 

,~I~('UC: I: REGS , 
'~ 

unsianed short a::<: 
Llnsiqned short f1 ;lq~~ 
unsiqned shol",t b::<:~ 

Llnsiqnod short c;:'::; 
unsigned short d~q 
LlnS i qned short s i; 
un:,iqned shol~t ci i ! 

Ll115iqned short ds; 
uns i on(,~d stlol~t ~S! 

} i,l1t't?q-s; 

/**************************************~*********************************** 

Positions ar~ structures con~alninq the values which soecify a partt~Llar 
place in tile sv~>tem. Oft.en inose valLlos will be Llsea as inoice!5 into ·.)tht:,t"' 
.;I:i"I.U:b.lr8~ j,n ot~dL-.!I~ to find OLII: a (,,81::vant action for thed: position. 

******~******************************************************************~*i 

',;;:,.'1.11: t oosi t ion 

int rnEmu~ 
111'1: r'm-.I~ 

in:. c~JJ~ 

/********************~****************************************************~ 

Selection m~trices hold a oicture of what has been selected fer dny 
CJ i ven menu. 

***************************************************************************1 

i nt rnenLI~ 
i nt f'OW (rn<:\~':.}'04'1 J ! 
lnt col [ma::(_c:olJ~ 

/*******************************~****************************************** 

Action Vactors consist of a count of thR number of fUnctions (or 
actions) to carry out, alono wiln an array of oQint~r5 to these functions. 
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n multl-di~~nsiQnai array of cOlnter~ to action v2ct8rs allows the 
cr"eation of "action cnains" fe):"' c:actl positiorl/kev combin<tt~an. Ttle incn.cP5 
I=Ut' I:h':?s2 dirrl'~l1sions are the rnembl.N'S of a position si:t~ucture i;\nd a key value. 

**********************n*****~**********************************************1 

' .. " . 

int CQLlnt~ 
void ( *fLlnc[ma~ fLlnc_dimen] 

strLlct cosilion Info 

ini~ lenCJt.rl~ 

in'!: abs '~~'1~ 
jIlt <:\b5_Col~ 

£'.truci: 8.ct i on .. ypc: i:,Ot~ 

( ) ; 

i****~*********~***************************~***************~***********~*~*** 

Memory mao of Defin~icon/Ram interf~ce 

*a********************~***************************************************~~* 
i 

: .'!7 i /1 C·? d,;t •• '3 t ari: 
!idefir.e Ci'4_ .. r80 

: I "';:'j: i lil~ drZt _.a i 
~idc::fJ rw c.1a,. 1] 

~·t J(~ OJ: i 11 ~ d ·:t _~OLt i.: 

'ld;,:Fin!~ ad ._st,,:\rt 
~tdeiine ad_load 
~!:d(?fin€? ad ,.redd 
#define ad.,outj 

1* qlobaJ vars *1 

0::·::0 i, OOO(J(H) 

(!~<O 1 I:: I'H.' 1)(. 0 
Ow) j (!40002 
0:,,'0104(!()04 
0::·::(11.040006 
1)::·::0 1 (./~t :,('·(;.,t 

0::::0 l. 011 ;:.\r;~() 
0),::01040022 
0:,,;0 1 ()':~CI024 
O~<:(ll 04002/S 

o 

.l,d~f i ne 0 i :3. 14 J :;·';'2(:.::5 
fr.deiine Iila::-::_ int si~~€'! ::;:27,SI 
~:'I,!t·:ftr,~ points,~pet~,,,sec 'I. (i(?f:. 

1* A to D section *1 

/*********************~~**********~***~************************************ 
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I 

Odrm s~t to comDlet~ly soecifv a run 

*****************~********************************************************1 

1* transmission/receotion control oarms *1 

floal total_tim8= 
float I~amo _titne~ 

floc:tt dec.:~y._t inl8, 

Fln~~ record_tim~, 

f] oat oe:la'y tiOlC=~ 

ll) I: looo __ st~rl: ~ 
tnt 1.;:)op !::-nOr 
~Ili: 1000 ,c:oltni~~ 

1* Frequenc:ies and Points *1 

'JI1f.J num ,of .ooints~ 
int nurH,_of_.freos~ 
in i: cur fr'p'q . ..I"'_tfr,~ 

f] oat f'r'8Q [100] ~ 
fl~dt point[70000], 

1* SW~Dt frequency param~tars *1 

: :,.)6\1: FI"eo .':H~r'._t: ilTle~ 
'F! oat TO. L'_ i'r'?Q ~ 

'J<..t I: ofrJ "2 .fr'eCJ·~ 
float S._fi"'8Q ~ 
.: 11J6~1t. I:: .. 1:1'-::·,:3 ~ 

·FflC..l~t nli:.<. J ao: 

unsiof'lGo ] one, nli::·:; laC'J ... cnt ~ 
;I)';i.qned lonq mi:>::_1i:,p_.';nr2~ 

1* mlSC flaqs *1 

.. ,i: ::·:;mit_mod2~ 

int te~t_dac_oul; 

I***********************«~***I 
1-)1.** rHain. c: boundnoinl -~**I 

I~**********************~*«**I 

1,,:< (NOTE: th(:.· bot,lllc.iooint nIEi'ssaqE..· is to relate lhis section to a 
Cf.Ji"'I"e'5pond inq sect lon of code ~'1ri tten for microsoft operat ion *1 

I****.******~.*********************************************************4***** 
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t1(~ I "I 
Prints first 5cre~n. Z~ros ram. 
Does aporopriata action as lonR as keys are hit. 

****************************************************************************1 
'n.l i, f1 () 
{ 

pr'_common ( ) : 
f.)rJn~i!nLtO ( ) ; 

nWfI,. of_fr&'as=O ~ 
mb::."lat:1 = 0.0: 

while (1.) 
{ 

take action( kevnum aetke~1 () »: 
} 

:;. 

1****************************1 
,'~'i~'::'- boar'd2. c bOLtnClPoim: ~,:~·';cl 

I******~*********~***********I 

I****~*********~******~**********~********************************§*****4* 

Z~ro~ the A ~c Dram (i28k of 2 bytes) 

~**********~****************~*****************************************~*~*I 

" , 
Short ,':!p ~ 

111'1: i ~ 
p=-. ad ,.r'am; 
for (1=0= i < Ox00020~)0: 1++) *0++ = 0.0; 

} 

1************************************************************************* 
Zero~ the D to A ram (128k of 2 bytes) 

**************************************************************************1 

0( 

shor"t *0; 
in i: i ~ 

p 

for' 
aa_ t"'am: 
(i=O: i " 0;:,::00020000 ; i++) *0++ = 0.0; 
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;. 

1************************************************************************* 
Starts the D to A rolling out values 

':I-*********.**-li .)lo*****':i--~*****"~*-)l-*********************-:l-************-:1-********** I 

f) 1'::1'1 ( ) 
-{ 

shot~i.:. *0 ~ 

;. 

1* let it roll. don~t wait or stop *1 

D = d,," .. start = 
*0 ::: Clo_.val ~ 

I********~***********~***~**~********************************************* 

Flnd values for 1000 control and oaint olacement. 

Called after total. ramo. ana decay times have been entered, 

:~*******************************~****************************************/ 

fl 02.t '::2ntr'l?~ 
j: 1. O$."t remc1; 11 ~ 

1 nt J. oops ~ 

1* fiourG out number of 10 msec loops needed *1 

centre 
loops 
i .... ~rnC:\ in 

- ~otal._time - (decav~ime + ramo_tlrne)~ 
= cEmi.:I~e/i(!~ 
= c~ntre - ( 10 * loops )~ 

if ) OODS :::::-.: 0 ) 1* no loooinq to be done *1 
-[ 

j. 

~ls~: 
-[ 

laaD .. cmd :: (!; 

loop .start = O~ 

1* put 1000 in proopr place ana nuo~er *1 

10aD_.st.C:\I~t -- <t~.:1rno .. tirnQ + t~E::!main) * 1000~ 

lOOl:J .. ~nd .. laoP.,start + 10000; 
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} 

loop count = 8192 - loops; 
} 

I****§******************************************************************** 

Find values for sweGO control and ooint placement. 

C8.1180 aft~~r' toi.:.<:"Il, r';".rno, <:"Ina dEcav tinIG:';~ and startin~ d.no endi.'lCl 
fl"eqL(en':lEs hC\V2 been entet'12d. 

«****0~*~**~*****~********************************************************1 

'·.11c .~:;wep.p .. Y<:1.ls() 

{ 

·float centl~e~ 
un':;igned lonq (iela\'_ t_tikh;c~ 

" ) ; 

1* lenqth of center full cower reQion *1 

/·x· t'-lDTE: FLlIl PO!'J81~ EHld ft~i?qL\necv is f:ffectjve~v fp E_.fr'Ecl + :::' ;;'11;" ~i 
j~ freu Der time is in Hz our point (or KHz p~r msec) *1 

1* fino startinq and encino frequencies -I 

S •. ·Ft-'E·q ::: fp .s_.ft··(:,··o - ( fr·(2O. Der _.t irlle * ramo •. t irhE' ) = 
1 F (~,;_freq -::: O! 

pl-'inti:: (1If;:amp time too ]ono for startillo fl-'eq and bUI~st 'LimE", 

1* find out values for adarass counters (mix lag counts) *1 

cmlcs()~ 

1* set nLlrubc:r' of point.s to do and soecify no loooing *1 

nwn .of _points -- total .t irne I 1000. (I * points_oer _sec, 
1000._,=,"1:0:\1"'1.. :: O~ 
-l (JOD .':Jil d .:: (1; 
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]. 

1·*·~*****·lI-***********·)i-************:'**·)i-·***************************.:!-.:<-**.******* 

Load addr~ss 1 

**************************************************************************1 
~o.:\d .i;;\ddl·~t (~\dl:ij~') 

unsjoh0d lana addrl 
{: 

} 

ti ;: da. t"eCl ~ 

*0 ::::: <;i.ddr~ 

o "" d<? _,:;.'t ~ 
'AO ::::: (10 val ~ 

1* addr~s~ in address reqister *1 

I*****************************~*************************************~~0*~·· 

****~*~***************************~***~****~************************~**~~*,' 

'; '>1d add,I"'::~ «.:tt.:1tl;'''' . 
lll',':-: j.;: '-I:~'C } C)t,Cl i'tddr"!o! 
-[ 

~~i1Cq···~·. *!J: 

.~./ 

} 

D - .. c·;" .. _I'~:::,·a:. 

"'*:> !.. L~dCjr': 

D :;: da._aI ~ 
,:~.p := aD. v.~I.l ~ 

1****************************-************************~**~**************** 

LOdd th~ ~ddress to beqin th~ 1000. 

**************************************************************************1 

{ 

I) ,~ da .. "rO:!·(1 r 
':~D ;l! lc:!nr~ ... ~:.ti:~r~·J:: ,/~;- adc.'r\c~s~_· in ~tdc.ir·(?S~ rQqisi..~r'" *1 
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I************~~*******~************************************~***********~** 

Load number of times to IOOD. 

~,j.,.ci .looo.couni:() 
-[ 

• " ,_ -:t, / 

/ 

o ::: DO'!. j! ~ 
~D • lOOD CO;'lr.i..~ /;:; i.ooo count. in ~,OOD c:ountE'l~ ';i/ 

~_::::""Rj ;:hl~ '::ll~r"ld.:/ O~·; ooints to i:h~ f'\3.r'1 st .. J.rting "ai: 0, OLJl11l; fj:J;--' 

~',Ui11r:l€=I'" of Doints. l_<;\st oedn .... is t.-. stOCI value. :"'OOD ,-,<,,'Ill"""" :"~"I: 
i;-= n'E·(~IJJ':·!d 1l 

.[ 

a ::"w 

,,: c~"", 'j:.;.O, i -:.: ] OOD , :::en CJ - 1 • i. -/'+ ) 

S 1* .nvgrt MSB • z~rc bot~om fou~ bl '~ , 

*0++ ~ «(&~ort) ooint[1] A Ox8000) & OxfffOL 
::-

1* lo~d loop ~nc ~/ 
1* invert MSB • set 1000 ~it *1 

*0++ ,., «((shor'i:) r.)oint[iJ ,"'. O::~:::(H)(}) ~~ (Sxff-fOi : O~{O(X'2; 

i++) 

/'!:i- i. nvel"'t t'1Sf: " zer'o bot tom FOLll~ b j i.:s * / 
*0++ ~ (short) ocin~[lJ A Ox8(00) & OxfffOl 
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{ 

for (i - 0 : i <: ( 0::< 1 f F·F f 

-, 
J' 

0[ 

} 

i* load stan .):i / 

*p-f-I- = O)<:::OOO~ /* 

temp, incl' . two.'p i, 
r-, • , , 

t.I·JO D i :-- ;~ .... ) 
Ift,.:~:::, .. 'I d ~L ::: c) ~ 

/):i ':, L!:.I"t. ~'Ii t f,e 18<U'i ,:;,.1 o:d:. e .~ / 
,:(j,.' (i·-=O~ i .' nWH .. of _po).nb:; 

n++) 

- nLIIT! of _points) ; i++) -
invert MSB, sGlnd zero *1 

incr - two.pi * frpo[nJ * 1000.0 / points_pEr_sec; 
1:(::imo . - (J ~ 

'h'* do fo~-' <:'.1], points '';1../ 

i++) 
0[ 

tE'frlD += incr~ 
if {temp :> i..wo . .D i) tenfU -:: two.~P i ~ 

oointEiJ +~ sinCtemo): 

I 
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} 

" . . ' 

1* scale ~or max value ~ound *1 

{ 

Doint[iJ *= scale factor: 
;. 

rc'lTID _~UD ( ) ~ 
ui:!cav ( ) : 

IOdo .. point.sl i; 

1* -32k to 32 k ~I 

I****~**~*******~**********************~*********************~******.~***** 

qenerate swect frequency wave based ucon 5uDDlied freau~nc~eE anu 
t ime (.)at~':Hfll?t(,?f'·S. 

*************************************************************~**********~~/' 

··'·il.~ .\.12n:2 ( ) 

{ 

floc\t st..i:!.lE.' .. .f.:.ctot~., terllD, i ~::S. i.nc2. iflc:i., inc:'2. tvm. pi. ilia:,·,: v~J! 
\'ll~: f1~ 

I 

two.ui ~ 2.0 ~ pi~ 

In"".:< .ya 1 : I) ~ 

1* start with cl~~n sla~e *1 
for <i~(i~ 1 ...• nWTI __ of_.points ~ i++) oOlntCiJ = 0.0: 

irtc:2·· two_.pi .:t ft"'eo .... pc;!r ... t.ilTlE? i ooints ... per_sec; 

terTIo : O~ 
.t.}<s inc'2 

for (i:-::O: i -::: nLlm ... of ... Doints ~ i++) 

temo += ( inc! -I- i ... >::s. inc2 ) ~ 
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} 

pcintCiJ += sinCtamol= 

1* incr - inci + j(inc 

if (ooint[iJ ) max.val) max_va] = point[iJ; 

1* scal~ for max va]u~ found *1 

fa,'" (i==O~ i .::: nurrl_.of.Doi.nts~ i++) 
.:: 

} 

r','·.i'IICl .• UD Z ) ~ 
wec.9.v ( ) ~ 

load .. points() ~ 

1* -32k to 82 k ~I 

I**~***************************************~************************~~**~* 

Rt..lfno UP line<.,rlv fram 0 aod('(~s:...; for specified # 01: lTiilli·:;~:;cc.nrJ·:':;. 
t.ne r2\mD. +.:i.m!i.!. 

;. 'fI~) l.lD ( " 

int Doints .. to .• rC:\n1o. i.: 
~lQd~ ~~ctor. incr: 

ocdnts to r'amo ::: I~amp .. "time / JOOO.O * poin'l.,;_pt?t"'_sec; 
incr.::.l.O / point'.5 . .to .. rarno; 
factor' = 0: 

for (i=O~ 1 .::: points. to, ramp 
{ 

-FactC"lr' += incr~ 
ooint[iJ *~ factor; 

i++) 

1*************************«*********************************************** 
Decay l.int-?,,·wlv for sDe,=ifH?d FF of millis.;:>conds, the d('11 i':':'W time, 
b""··~·C:lt··e 'l.h~' ~·'rICJ. 
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-------~~--~--~---------------

-[ 

int points_to~decav; 
IJJ1Sillnf.?d 10n(l 'i ~ 
float factar, incr; 

} 

inci .... = 1.0 I ooi.nts_to .. _decav~ 
factC"'f' =- 1. O~ 

{ 

::-

point [J] *== factOl"~ 
faecal"' -= incf'~ 

1****************************1 
;-*. bo~rd8.c boundooint ~**/ 

I****~*****~**********~******/ 

",. 

Put a atoc bit at the craDer numb~r of points cest the stdr~ 
of the A to Dram. 

*~*********************************************************_**************1 

int <i"~ 
r:;i1 O~'"c "~rJ ~ 

o ;;-~ ad .panl ~ 
a - record"~ime * 1000. 
* (o-l-a) = 0;.:;0001: 

I****~********~*********************************************************** 

load the delay counter with Oxffff minus the number of micro 
second~ to delay, 

~****.*******************************************************************~/ 
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-[ 

short *p~ 

p = ad __ l oad ~ 
*0 = O~<:FFff - « int) delay __ time * 10(0); 

} 

1****************************1 
/~** clear.c boundnoint ***1 
I~***************************I 

I***********«**************~*******************************~*************** 

Th8se routines ~l~ar conceotually deFined sections of the 
inlerFace screen. 

**************************************************************************~/ 

I ·l,-,.,_tI".:5(? 18ct () 
{ 

int q 

1* clear menu selection fielcs *1 

fot~ (i:::bm·:; ]'01<1+1: i(bo::<.rm'J+12; i: .,.) 
-[ cOI"'ci"iar-(L bo::< .. col+1., oot_.color_fg. opt.._coJor_.bq, O. fl . .Jl':'no. 

cprchar(i. boX col+13. cot color fg. oDt coicr bQ. 0_ ~L ]ena 

] nl i; 

1* clear status section *1 

for (i::s·l:ai: .. ro\I/+2~ f<si:at . .,roI-'J-l-5: i 1'+) 

ccrchar(j. ~lat_col. black. black. O. stat_fld_lenq, blank), 

c. J.ear' __ ",essages () 
-( 

int i~ 

1* clear messaae sectien *1 

For (i ~.::mess .. rol'J-t-:2: i (mess pew+5: i ++) 
cor~c:nar~(i. "1C?:'S_COi., wnite, black. O. mess._fld_.1enq, blankh 
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c 1 E:!<Rr'._quest ions () 
{ 

int i; 

1* clear qUDstions section *1 

for (i=quy_row+2: i(QUB_row+5= i.+) 
cprchar(i. QU8_~ol-2, white. black. O. oU8_fld_lena+2. blank)~ 

} 

clear jnfo () 
{ 

1* clear info sBc~ion *1 

ft:)I~ (i.::inf .rm'i~ i{in+'7 _row-!-::::: i'H') 

cPI~chat~(i., jnf_.col. wnl.te, black. 0, inf •. 1-=ld._Ienq. blanld~ 
]-

{ 

i* clear &creen *1 

;.1; ,:l.rd:: .. -Fic::·ldS () 
{ 

.;" 

c... J. 8':\1-' ... s£:] ect ( ) : 
c: 1 eat"' _statl.ls ( ) ; 
clear auesi.:jens()= 
cj,'?~\r .. .info() ~ 

I*******~********************/ 
1*** efreqs.c boundooint K**I 
I**************~*******~*****I 

"1**************************************************************************** 
This s~ction deals ~itn the frequency editor <which allows thD 

emtrv of f!"'8qLlencit?~. CE':-.il"'sd) 
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1 

I********************~*******************************************-*********** 

Print th8 background screen for the editor 

***************************************************************************** 
1 

i nt j ~ 

• J , 

;. 

;.> blank screc.m */ 

c/::H~ch,:\1~ (fr', bo:;·:; I~CH"i. 1~r' tJo>~,.coi, ft~_ .. c:olC"w',.fg. fr _.colo,~_ bq. 
f''',pao;J'i?, 1920, blanki; 

1* crint corners *1 

cDI~char (fr' bo::< I~OI'J. fr bo::·:._COl, fr .. bal~ •. co 1 or'_.fg, fr_.bal~,.C:o 1 OI~, . .tJO, 
fr,.naoe, i, tl ... ci)~ 

cPt~chat~ (fl~. LIO>::._t~o\'-l, fr., bo::·:;_.col +7:::" fr _bal~. co 1 c.\I~ ... fa, fr' .. bar .. co 1 ol" .... b'1, 
fr .. ,Oage, 1. tr _d): 

cPt~c:hal~ (fl~ .. bO::<_,rol"i+22, fr .. bo~<_.col, ft~ .• bal~,_col or .. .fg, fr _bar_co J or'. ,Of.! .. 
fr .paQe, 1. bl,d): 

c.:cw'char (fr, bO,:<:,_1~0\'J+22, fr, bo~<. col+7S, fr ... bar _col.or_,fq.. fr .. b<:\I", ,~c.] CJt" .. b 

tl~. Dage, l, br' ... d)~ 

1* horizontal b~rs *1 

cPI~cn<.\t~ (fr ... ::·o::::_row, ft~ bo::::. col + 1, fr', bc:~t~ .. col or'. ... '~.:l, fr'.bi:\:". co 1 C'Ji~ .. DO. 
fl'"· ,..D':'<'rJP-, fr _00::·::_12no, hzt ,d ): . 

c:pl"ch<.\r (f:·_bO::·::.J"ot"i+22, fr' .. bo~:; .. col+l, ft~ .. bar _color .. :Fa, ft"' bw~. co i .:!(, ~'j 

1* vertical bars *1 

-[ 

} 

cPI"chal~(i, fl~, bo::-::_.col, fr __ bar_.color_fg, fl"'_,bar .. colol~_.bcl .. 
fr pace, 1. vrt d ): 

cPI"chat~ (i, -'ft".~,bm::_ .. col+78, fr, bar _color.Jg, fr'_bar _,color'_DC!. 
fl" .... oage, 1, vrt_d ): 

1***************************************************************************~ 

Set mode (SW8eo or discrete) and get the frequencies of inter~5t. 
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***********~*~**********§**~**~*~******~**********************************~** 
I 

{ 

]. 

if (~':rllit._mode =::;: 1) 

!.=l'2t_SW .• freqs ( j ; 

Get and set the transmission mode. 

**************************************************************************~** 
I 

i.nt i. telTiP~ 

a. 

0, 

/.';1; pr·j nt nleSSC1oe~, tei J inq hOI.AI to s.et ••• *1 

1:'1" . .o<:\oe, " Chaos£:- mode of ft~e=QLtenCY tr·ansmi,ssicn.") ~ 
cDr'i.ntF(fr'.-,rn'?;;:~ row+:~:. fr' .m~·~s._col, fr,Jness_color .F~, fr )TI:':':SS •.• Cr.) 10'" .. '; 

f'1~ •. Daae," 1·· Swept frE-.'qLtency " ) l 
cor i. r,t f ( f," _mess .rm·J+4. fr _mess._col, fr' _mess._col ot"',.fg, fro .ffI'!SS_r.:o 1 ot'.,.b 

1/ I) - Discr'ete freoLlency H)~ 

1* and cet the mode desired *1 

cOt~int.f (fl~ .• mess •. r'ow+7, fr" ,mess •. col, fr_get. color_fa, fr _oet ... c:olCJt~_ bq, 
fr.page, " -) 1/) ~ 

scanf("%d", g<temo)! 

xmit mode = t~mp1 

for (i =0 : i <: 1 :::: ; i .. ,+ ) 
cpr'ch~'ll~ ( fr· ... mess_l~ow+2+ i, fr .... mess •. col, fl~_ co 1 Ot"',.fo, fr'_cal 01"._ b 
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fr~page. 40, blank); 

} 

I*********~~********************~******************************************** 

Get and set the sween frequencies. 

******§***********~*******************-***************************~********** 
I 

} 

aet .. ~t.art._ ft ... E' 0 ( ) e 
get .. end _freq \ ) : 

c) ear . ~·Ct"'een ( ) : 
pr.*comrnon ( ) = 
pr._mem.t1 ( ) ~ 

1**************************************************************************** 
Get and set the startlng frecuency of a sween. 

***************-********************************«***************~***********~ 
I 

i rd. 1 ~ 

floai. t(':~mo: 

o. 

c, 

/* print messages telling how to set ••• *1 

fr .. paoe, II Choose start inq frequency.") ~ 
cpr int f (fi~._mess ... rQ\'1+::::, fr._mess _col, fr._mess_c':J lor._fg, 

" (Rance ::::/).0 - 100.0 Khz) II); 

1* and get the frequency desired *1 

cpri ntf( f' ..... mess_row+5. fr'_.mess .. col. fr .. get_.color _.fg, ft"'_get .. color _,Jq. 
fl~pa.qe, II -> ")~ 

scanf("i.·F", 8.rternp)\ 
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1* clear message space *1 

for (i=O; i<13; i++) 
cPI"char (f"t~_O'Iess_roIAJ+2+i, fr _mess_co 1. fr ~col or". fg, fr _col or._D 

;. 

1***************************************************************************~ 

Get and set th0 ending fre~uency of a sweep. 

~****~***********************************~***************************~~****** 
I , 

{ 

int i~ 
.F] oat i..en'tD; 

q, 

C" 

fJ ' 

;. 

1* print messaqes telling how to set ••• *1 

ft~ .. page, II ChcJose ending f't~equency.II)~ 

Ctli~lf1i:F(fr' _lrIessJ'mAJ+:3. fr_ITHi?ss._col. ft' ... mess._color fg. 

" (r<anoe :~:O.O - 100.0 f:·:h;-:) ")~ 

I~ and ~et th~ freouency d~sired *1 

c[1!'·i.nt;fi f:f~ .... mess.J'o\AJ-l-5, ft'. ml':?ss_cQl. fr .. get. .. colOf·' fq. f't'_ g~t c'::Jlor' bel. 
ff'" .. paqe. " -> 01) ~ 

scan f ( "f.f", g:temp) ~ 

1* clear message space *1 

for (i:..:O; i<1:;;; i++) 
cpf~chclr (fr _1TI€ss_row+2+i, fr .. _mess_col, fr _.col or _ fg. fr _col ot~ .... b 

fr _page, 40, blank)'; 

I***************************~************************************************ 

Oe~: an" set discrete freQL\(:,1ncies. (1 .. 10 to 100) 
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~~****~***************~*****************************************~****~**~**** 
/ 

{ 

-Flo-3t temo; 
int i, gf'_go, choice; 

:~'I 

1* orint current freo~ .1 

if (nulTI_ of .. ft~eC1s == (I) 

c:ol~ird .. f(ft~qs. ro('oI, f't~Cls .. col .. lrE!d, black, fr ... page, "j) II): 

fat·' (i =: (I ; i -::: nLlrn_.of:. fl~eqs i ++ i 
c:printf( fres_row + i - ( 20 * ( i I 20 » .. ft~QS .col+ 

fr .. Llhl_.colot",_ fg, ft~_'_lhl_.colo:~ __ bq, . 
fr .. page, "i.u) i..if", i+l, freq[lJh 

1* hili~ht position *1 

cLtt~_.fr·c-)o .. num ::: O~ 

fr ... hi 1 ight (): 

1* orint laoels *1 

c:pr··intf( fl~ .. mess_ t~CW, 'Fr_ lTIess .. col+2, 
fr' .. page, " t1ESSA13ES ")~ 

CPt~cr-lat~ ( ft~ ... mes~;. row+ 1., ft~ ... mes;, .. cCll, 
fr .. 'p.~ge, 12., h;;:I..:.d ); 

fr _page, " FREQUENCIES ") ~ 

fr bat'" co lot" fa - _.. -' .-" 

cPI"c:hat~ (fr_.mess_Fow+i, fr _.mess .. col+:;:::::, fr ... bar _color .. Jq. fr_ .. bal~. color'_ .. 

1* print instructions *1 

cP'-'intf (fr _mE:~ss_ rOIAl+2, fro mess_ .. col, fr _Qet_colot~_fg, fr _get_coJ or _.bCl. 
fr_page. " ARROWS position bar II); 

cprintf(ft~_.mess.row+:3, fr_mess_col, fr_get_color_.f'g, f'r_.get. color._bg, 
fr paqe "RETURN to enter values II)~ 

cpri nt f' (f'r ~."mess~.t~ow+4, f'r._mess .... col, f'r _Qet_.color_.fg, fl~_.oet_c:o 1. or _bg, 
fr._page, II Et-JD to oLdt editing "h 

1* prOCE!S5 input *1 
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whilE;' qf_ 00 
{ 

choice = keynum( qetkey() ~= 

switch (choica) 1* Set current frequency number and 
hi light new place *1 

-[ 

{ 

} 

} 

break: 

,'. 

} 

br'ec:\k ~ 

fr_unhilight()~ 

cur freq num += 1; 
ft~_h iIi 9h t ( ) ~ . 

fl~_'-Inh i 1 ight ( ) = 
Cl.lr _freq __ nwfI -::: i ~ 

fr_,h 11 ight ( ) : 

ft~ __ l.lnh iIi 9ht ( ) : 
cur __ ft~eq _num +:.::: 20; 
ft~_h i i. ight ( ) ~ 

Cdse 3: 1* left,Yey *1 

{ 

fr _unhi light ( h 
cur._freq_num -::: 20~ 
fl~_hi J 19ht (); 

} 

bt~eak ~ 

case 4: 1* end_key *1 
qf __ 90 == I): 

brea,k; 

case 5: 1* return key *1 
enter ,Jt~eqs ( ) : 

1* get out *1 



I~ 
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I 
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I, 
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I 
I, 

I 
,I 

I 

} 

} 

} 

c 1 ear. screen ( ) ~ 
pr _common ( ) ~ 
pr _.menu 1 ( ) ; 

/**************************************************************************** 
Actually enter the frequency values 

**************~******~******************************************************~ 
/ 

int i ~ 
float temp, 

I], 

11 

Ct .. 

1* clear message so ace *1 

f elf' (i =0; i .:::1 ~:: ~ i ++ ) 
corchar(ft~_ .. nleSS_N:lI·J+2+i, fr_mess""col, fr_.coJ.or".fq, fl~ c:olUt~_b 

1* print messages tclliny how to get .. "::,./ 

ft~ .. oaCle, " Enter' ft"'c'OL!encies in Khz.") ~ 
cpr' 1 n'i: f ( ft .... _mess_rol'l+::=:, fy' ._mess. co 1. fr _mess_co 1 or ... f'J. fr .mess .1;010," .t.l 

ft-'_paqe, " Range is ::::(1.0 - 100.0 "h 
c::::;t' i nt 1':: (fr ."mess _row+4, fr _mess. _col, fr ~mess ..• co lor._ fg, fr."O'/:?sS ."color'_o 

" Enter 1.0 to quit. " ) ; 

/* and get the latest frequency *1 

cpr'i nt f ( ·rr .. mess .. FoW+~', fr __ mess_.col, fr __ get_color._fq, fr _get_co IOI"'".bq, 
fr .,oaqe, " FreqLlenCy # Xu", cur_freq .• num+l); 

cPI~intf (ft"' •. mess. row+7, fro mess ... col, fr_.get" color _.fq, fr ".9st_coloIM._ba. 
fr."page, II -> ") ~ 

scan·F ( "Xf", ~I,temp): 

cprchar(fr_mess""roi>J+7, fr"mess .. col, fr .. color_fg, fr •. color_bq, 
fr_'p.:.ge, 10, blank); 
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whils «temo != 1.0) && (j(100» 1* do until signal lo Quit is en~e 
""~d *1 

{ 

if «temp (= 100.0) && (temp >= 80.0» 1* but only if in rang 

{ 

freq[iJ = t.emp~ 

cprintf{ frqs_row + i - ( 20 * ( i 1 20 », fr"qs_ .. col+ 
( ( ;, 120 ) *'::' ) , 

q l'.)i" .bq, 

1], 

;. 

} 

else 

ft~ .. Llhl ... color_ ft), ft"'_.uhl .. color .. bq, 
f~'_page, "i.u) i..lf", i+l, freq[lj); 

fr .. unhiliaht.()~ 
cur_freq_num += Ie 
i += l.~ 
fl~ .. hili9ht{) ~ 

1* out of ran~e m~ssage *1 

CPI"' i nt. i (fr __ mess_row+ 10, fr __ ml?ss._ col +2, ye 110l"J, It~E:'ci, 

ft"', page. " OUT OF fiANGE "); 

1* qet next frequency entry *1 

fr page. II Frequency :fl. 'l.u", CL\t~ ••• 1:-t"eq_.nLlrn'l-l) ~ 
cor'intf(fr_mess ,ro\.'J+7, Ft'_mess _col, i:r._Qet_colt:Jr'_ftl. ft"'_.i,Jet .. ;: 

fr' .. pa9C:?, " -) ") ~ 
sc..;;,nf(":~f", ;~<temo): 

cprchar(fr_mess_row+7, fr.mess_~ol, f~~olor_fg, ir color.pc, 
fr_page, 10, blank); 

cprchat'" (fr _.mess .. rOVJ+ 1 0, fr._Inl?ss_,col. ft .. _.color ..... f0, ir' .. co 1 01"' .. ba 

1* clear message sp~ce *1 

for (i=O; i'(1::::; i++) 
cPt"'char (fr __ mC'Zss_t"ow+2+ i, fr_mess_.col, fr'_co lor._fg, fr'_color_b 

fr_psge, 27, blank); 

1* orint ins~ructiQns *1 
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} 

1:r.O.:l9£?, " ARROWS position bar II)~ 

cPt~ int f (fr ... nll?ss .. t~ow+3, fr. mess .• col, fr _.get_ ,co 1 o:~_:,::g, fr·. ,get .. col ol~ •. bCl, 
fr .. page, " RETURN to enter values "); 

cor'intf( fr _mess_pow+4, fr'_ mess __ col, fr _get_colol"_.fg, ft~_.get_.colol"'_bq, 
fr .. ,oage, " END to quit editing ">; 

1************************************************************~************* 

FRequency HILIGHT and UNHILGHT -

These routinms 
hilioht and unhiliqht a fi8ld in freou~ncy seleclion si~uation. 

*~*************************************************************************1 

fl .... hi J iqh1.. () 
-[ 

fr' .. color .. chCl.nge 

fr',unhiliqht () 

} 

fl". calero .. change ( coler' .• bq. celot'.Jo 

-[ 

int l:m~~. row. col, pao~= 

i:irj,,~s ::: fr .flo ,hi'nt]: 
r'ow =- fros_Tol~ + CLW'_ freo_ nLlm - ( ~~(J * ( CLlr' _fl"eq, ,nUIiI 1 :.?O » ~ 

::",1 

'k/ 

col := ff'qS .col + « cLlr,JI~eq._nLlrn / :20 ) * ':.' ); 
paye = fr_o;.:\ge~ 
wid IE.' (t:imes-- :> 0) 

,. 
'c 

curset ( raw, col++, page)~ 

inregs.ax = Ox0800~ 
inregs.bx = page « 8; 

INT86(Oxl0.&inr~gs )~ 

], n/"8g s. ",I::':: - i nl~e9'b. <:1.::':: 81, O:,<OOff~ 

lnregs. a:"; , ,- I) >t. 0 ':,' (:)() ~ , .. ~. 
i.nl~eqs. b~·:: = inl~egs.b:::: 81. O~':'FfOO~ 
inreg~ •. b::·:; ,- ( ( colo!'" bg « 4) ,- .-

+ color f9)~ -

1* for the lenqth of field 

1* and it's attribute 

1* write uack sam.! char' 

1* sarli,? page 1r I 

1* d i fft:'!:"ent CIt t t .. i bLltc,'S 
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inrr=qs. C:;':; . ..: 1 ~ 1* on0 copy (no r~Deatsl ",. 

I 
INT86(Oxl0.&inregs )~ 

;. 

/********~************~******I 
1*** ftrans.c boundooint **-/ 
/****************************1 

1**************************************************************************** 
J(. 

This section deals with file transfers of p~rms and data. 

~~*_***~******************************.***********************************k~~ 
*1 

1****************************************************************~********~*~ 

Transfer a file to current parameter set. 

~~*~*~*******~******************************************************~******** 
.-;: 1 

.r 
'. 

un;::,::.cnecJ lono i: 
~: 1 i.)(..,\'- ~~: I'': fTI 0 ; 

'r ) ; 

cprintf(stat.row+8. stat_col, purple. 19reen, 0. 
II ) = 

if «io_ptr :::; fopenCin,file,"r H » == c) ) 

" file to parms •.• 

cPt"'jntfClnf',.row+2, inf .. col, yellow, If'ed, 0, "Can"'t cre,,\te:!. 

corintf(inf . .rol"J+::::, inf ... col, yellow, Ired, 0, II -( f.S :> 11 in . -

setbuf (io.ptr, bi9buf); 
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} 

f'.5canf( io .. otr'. 
fscanf( io .. pt"" 
fscan f ( i o_otr, 

fscanf( io_ptr, 
fscanf (io._otr, 

fscanf( iCJ •. Dtl~, 

f'.5c.:.In f ( i 0 .ptr .. 
fscan 1:" ( i o .• ptt-·, 

fS":; . .lnf (iootr, 
fscanf( j.C.I • .otl~, 

-( 

"Yof " 
"'Y.f ", 
"'Y.f II 

"'I.f II 

llY.f II 

"'Y.U " 
"'Y.u " 
"'Y.u II 

"'Y.LI " 
II/.Ll II 

~..;total._t ime) : 
~I,ramp_.time) : 
8I.decay._t i me) ; 

~1,1~ecor·d_.t ime) ; 
~I,de lay __ t im8) ; 

~t.1oop_start ): 
al.loop_.end ): 
fil.loop_ COLtnt ): 

~mLlm 01-= frsas ): 
g~num_~o(-ooints ) ~ 

fs:.canf( io_.ptt~.. "'Y.f ". Sl.temp ): 
freq [i ] :::: temD: 

} 

fsca.nf(io.ott~. ";{f ", ~l.terrlP ): 
poini:[i] -::: temn: 

·Fe: 10s2 (j 0_ pt.t·) ; 
c 1 er.l.f'._sf:a 1:U'5 ( ) ~ 

Transfer currant parameter set to a flle, 

~~.************************~~********************************************~~~ 
-!i/ 

-( 

unsiqnc:-d long i: 

cprintfCstat.row+2. stat_col, purple. lqreen, O. II Transf~rjnq from 
" ) : 

cpl~intf(=tat..r'ol'J+::::, s'l~at •. col. purple, 1~j1~E:ten. O. " par'ms to fiJI? ••• .. , 
) : 
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Jile); 

{ 

cOI~jnt·F(inf_.r0Io,j+;37 ini:: •. col, yellow, Ired, 0, " <: 'l.s :> ",out 

retLlrn ~ 
} 

;';>'- load nal~IIIS -Ft~orll curl~ently active parms into file '«/ 

fpr~ntf( itJ . .:,,:t~. 
fOI~int'F( io. ptl~. 
F ~J;'"' i n t f ( Hi ,.0 t r , 

f!::ir'intfi io •. ptt~, 
forintf( iO,_Dtl". 

"(: .::;:f", tr;)i:al.timo)~ 

"I: •. ?:r·'. t"'C:lfrtP. i:.imo): 
"I. .:'::1:". decaV"time): 

"I. . :?:f". r'ecoro.time); 
"l. .3f". dela'! .tilfll;?); 

fprintf( io.,pi:I~. " 11): 

For i. n't: f ( i o,_ptr. 
forintf'( io . ,ptl~. 
fpri.nl:f( iO .. .o'l:.r, 

forintf( i o_J),L:r', 
':PI'"'l n l: f ( i o .• ptr, 

"l. Ll Il 

11% u II 

"I:. Ll 11 

Il f. '.1 11 

"l. Ll 11 

. 1000 start ) . .. , 
looo ... end ) . , 
1000 ,.coLtnt ) . , 

nL\rn_,l.)f.,.ft~eos ): 
nWfI,_of _points ); 

for (i=O: i .::: Jlurrr, Df. fr(?Qs; i-f'+ ) 
fDI"tntfCio IJtt~, "I. .::::f ", freaCi] h 

'Few' (1::('; i ( nUIfI .. ,of. D01n'ts; i++ ) 
for'intf(io ,otr. "% .if ", oointCi] h 

fclose<ioptr) ~ 
cleat~ .status() ~ 

/.';} eof"s 1</ 

/**************************************************************************** 

Save aQuired data to a file. 

***************************************************************************** 
>; .. / 
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lema c:ount~ 
.in t i ~ 
Chc:H~ b, c; 
short *0; 
shor·t a~ 

I ) ~ 

" ) : 

} 

1* Print mes~ages *1 

cprintf( stat . .row+;~:, st.at .,col, PL\,~ple, 19reen, 0, " Iransferi ng fr'oITI 

corintfCstat.row+3. stat .. col, pL\rol~, 19reen, 0. " bo~rd to file ..• 

if «iO •. Db"' = fooe;-r(ou.t.file>,"wb"» == () 
-[ 

r'eturn ~ 
.. :. 

count = record lime * JOOO= 
fpl'intf(i.o otl':,-II \"This fil.e cont.ains ~:l.L\ ooints.\"\n", COUll: )r. 

1* out data Dcints into file until all ar~ in for selec~~d ranQ8 *1 

fOI~ (i:::O~ i <: count= i+'+) 
{ 

o:\=*(p+i)~ 

PLttc( b • i o_ptr) ~ 
pu'l:r.:(c ,io._otr); 

'f-at"' (1=0; i(lO= i++) fprintf(ja_.ptr."(.c",2~.h 
fe lOGe ( i c ... ptr) ; 

d ear .St.<~tLls ( ) ; 
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I 

/******~****************~**************************************************** 
~. 

Load a soecified amount of data to an array to graph 

~************************~*******************************************c******* 
*/ 

,
'c 

] C1rJC1 count., i ~ 
,,11'0 i.qn~~d sr-lI:Jri: ':'0: 

V:1sj.c.111ed j.fll t~mp; 

count ~ reccrd_tima * 1000: 
if (count) 50000) count ~ 50000, 

1* put aata ooints jnto array until all are in for selected r&nc~ *1 

for (i '" O~ i·; .. couni.:: i-H) 
-[ 

a otr[iJ ~ ( *(p+i) & Ox~ffE) » 1~ 

tE:ITIO := <.1. ptl" ~ i J ~ 
a.ptr[iJ = ( *(C~lj & Oxfffe) ~~ 1~ 

} 

]-

]. 

/****************************1 
1*** QO HV.C boundooint ~**I 

/****;*;~********************I 

1**************************************************************************** 
G~t the burst length 

*~***~****************************~*******~********************************** 
1 
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-[ 

·Float. temp; 

epr'intf(Qu!?~.row+:::, QLle ••• eol, vell ow, black, 0, 
:.~!() 01 (> : II); 

scan f ( "i~';-:", S{temo) ~ 
total_time = tamp; 

" Range is 0.0 - 409 

ct:.1r~int·F(·a-;+·2 r~CJv~'!-'~:_ 

ccrintfCsf2 row+3. 
£'f2 :;:oi. whit.e, b]ul?, I), .,( :"".r. 
sf2 ... col-l·:2. ~'Jhite. blue. O. "f..if ms~c:s". t~lfErj!~ 

]-

I*********~***************************************************************~*~ 

Get the r~mo length 

***************************************«**********************~****~*~*~~~»~~ 
I 

:.; of .j) ~ 

" Rc-\r)t't~':\ l~J (.;'- ,::'::1 -cw;··int·;={w~.\c-! I~O\J'J'I-;~:, que,coL yei.lclf·l. oi.e.\e~::. 0, 
(. " \_~ H '; ~ __ 0. 

} 

sC;·~\nf( ;''l.f''., iil.temo) ~ 
r&rr~_tim~ = teme, 

corir·,tf (sf2_row+5. st..::: .col. wh j tc-'. bILl€!. O. u< >' ~ ~ 
c:or'in i.:f(sf2.FOIv+5, sf:2.,}.:ol'j·2. l'Ihii:.e, blue, 0, "f..if msecs ll

, tr.:!ITr!,); 

Oet the d~cav length 

***********************************************************~****************~ 
I 

oat, dp.c~\V ( ) 

". 



I 
I 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

cPF'ini.1:'{qLli::'_I~ow+2. GUQ' col., yellow, bi.ac:k, (I, 
, ;!:;,c -; • "); 

C:Pl~ir.tf(oue_,ro\·J·:-:~:" ClUE:. col, yellow, black, 0, II 

0.0 ") : 

.I 

sc",nf ("%':="" ~~tE.'mo) ~ 
d l?Cc.1y._t ilTlt? ::::: tl~ffI(j; 

c:o~ :ni.. ·'!·<~f~::'._r'at""-t-7't 
c: lj;· ... 3. n i: f ( s f .&-::; ... ~I·"J":I~\I+ 7 .. 

qF.~t. rrd :::; 1<3.0 t. ) 

.{ 

floa,t tenlo; 

SC L:.r'·:- t 'I :/~'~!O ~J': Qrno ) ~ 

If/l'::, l ""q --: t,,?WO ~ 

:;f~'2_ col .. ,.'\Ih J t.r:.. b j Uf2" 0, I!.::: 
·psf2~.cal+2., ("hi':!:?" blLl':?.., 0., It/: " l.f 

vc~], 10\'1, b 1 ~tC k , (.>, If 

: 

:" :: ) ~ 

cOI"intf(-::;f'2 .. rOl'J+'::'-, ~;f2_c:~], \'Ihit&", bIu!:!, 0, "( -.'1,. 

r.:pf'intf(sf,~,_t~D!-,J+9. sf2_co:i.+2. whitE. blLle_ 0, "X. if IT/SeeS", 'i':~!!l:'j) 7 

I***~~~**************~~**~*************************************************** 

Get the amount of time to record for 

*****************************************~*******************************~**~ 
I 



I 
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I 
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I 
I 
I 
I 

.0 

~ . . ' 

11 .... , , 

II ) ~ 

scanf ( "'l.f", ~o,(temp) ~ 

record_time ,:: 'h~lflP; 

cprinif(sf2.row+1, 
CPl" i nt F (·.:5f2 .row+ 1, 

Range is O. I) -. 1:=:1 

sf2._c:ol, ~.,Ihit~., blLl8" Ci, U( 
sf2._co1+2 .. white" bIll::?., () .. ".1.. if ITIsecs fi

" 

). H j ~ 

t81TIP ) ~ 

O~t th0 clmcunt of tim~ to delay before racordlna 

*****~*************************************************************~*~**~**«~ 
I 

cPIMin;~·F(OLlt:.'_.r'C!W+;:::. que coJ..lellm\', bl.nck. 0, " 
, !) II ) ~ 

]-

-:,:.C .:'tn i:' ( :j:~·F!I., :S.~l:wemr) ~ 

dc.l.:.~\· _j:im;,~ ... :: i:0Irl~)~ 

clear aU8s~ions()~ 

cOI"·i.ntf(sf2_.I"ow·I-;~:. sf2 .. col. l'ihl1:,e, blLlI2. 0, II( >")~ 
t:pr·intf(sf2_rm'li-~:. sf2 •. col-t·2. white. blue. 0, "'i.. if m!:Oe(~s", tt:!ITIO)1 

1************************************************************************** 
G8t th8 data to write out of the DAC 

***************************************************************************1 

{ 

cpt-.intf(OLIE;'_.ro\t4+3, qUE~._col. yellol'l, black, 0, "tCI put oui.. elf the DACt 
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} 

cpr'i Pi.: of (5~:-;-;'. t·Cl\·:·:-;i. , 
cor int f (sf2 . .row+ 1, 

·;:,f:':::.co!., ~"hjte, blu('~, (I, ,,< :"'''); 
sf2._i.:Q1 +::::. wh i te, biLlE, 0, "I.>:.", b~st_d.::\i.:._oLli:) ~ 

I*****************~***************~**************.*************************** 
* 

The action vectot~ (AV) Election must h~ve cer·tain rOLltinE's includeci 
before it in order that pointers to the routine~ callod will be 
PI~op~)I~ly irdtiC'\] ized. 

~**~*~~********.**********************************************~****~******~** 
",.j 

I**********~**********************************************************~***~~* 

stl.lff to (Jut befor'E go .• av Fot~ LISE? in a.v· s-crLlcture ~Yi thc,LI.t hay Inq to 
include whol& oDerations there. (convieniE'nCD factor) 

.~~~************************************************************************~ 
1 

/*****************************************~***************.***********~**~*~* 

B~Scld on active position. do th8 orOD8r file transfer. 

********.~****************************************************fr*****~·******~ 
i 

} 

~ls~ if (current sm.row[1l -- 1) /~ file to oarms *1 

} 

el':'(~ jf (cLlI~t~ent .. srfl.r·ow[2J -.- 1) 1* aouired to file *1 
{ 

} 
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I 

calculat~ values for looping. 3nd generate the wave. 

·)!'*'**·~*·:I-**-X·-lI·)f**-lI·)i-·)! -)1"* *·)f*{~***,~*,"Hj-************** ***********'* *** ****':i-***':I-******':I-*-;I 
I 

{ 

0[ 

E~J se 
{ 

' . . ' 

calC_5weep_vals()~ 

wa.vl:? _gen~'2 ( ) ; 

Cei.} c __ .lccto .. \/aJ s (;1 ~ 

~",favp. .. gen ( ) ; 

1~**********-lI******************************~*********~*********************** 

Adjust the mix lag UP or down from within board control menu 

*********************************************************************«**~*~** 
I 

'c 

jnt cho:iCi:?' 
t.re ":;~·.5t .1:l(J:! 

>" ) ~ 
i.::~ .laq) ~ 

cl~ar.me5Saqes()~ 

pr _.adj .. rose); 

i:t-!st._CiQ = l~ 
while tGst.90 

-( 

1* print value *1 

1* do until I~eturn_key I-dt (once a kev hit) 

cPI~intf(sf2_row+6, sf2 ... col, white, blLl!:, 0, II.,: 

1* Qet nel<l f::C'!Y (shoL\ld we get more Of' Quit) *1 

choice ~ akeynuro( getksy() ); 
~;~'Ji teh (choice) 
+[ 



I. 
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I 
I 
I 
I 
I 

C ~:=>(? 5: test .. 9 0 = (J; b r'ec.k ~ 1·;1: rf:·t Llt~rl kE'v ""/ 

case 6: mi>::_lag +-= (). 1; break; 1* plus kE'Y *1 

case 7= mh:; lag -= o. 1 ~ brfo'ak; 1* minus key *1 

default: break; 
} 

} 

;. 

I******************************************~************************«~**~**~~ 

Calculate th~ mix lac constants 

****************************************************************************~ 
I 

cmlcs ( ) 

-float t.5khz. dE?lay~ 

freq timE' lag and delay for loading ~ddr 1 & 7 

i: ... 3khz '''' 5000 I ·Freq .. oet~ .. t irne 1* points 'j.-! 
delay = ~ 5khz - (mix_lag * 1(00)~ 1* points (or mi~ro secE.) *1 

i f (d e 1 a y <: O. (J ) 
{ 

1* defa.Lll l: *1 

.:r ,. 
.~, 

mi::< Iaq .. cnt.2 ;= delO?,y~ 
deiav ;: 0.0: 

/-;1: trans before:: nJi)( *1 
1* trans starts at O. or cl 

} 

1* val put in addrl *1 

1**************************************************************************** 
Load transmit control parms and go 

***************************************************************************** 
I 

transmit() 

.( 
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I 

]-

1* currenl version has no difference between sweeo and discrete here 

load_ .. addt~l ( O. (l ); 
load __ IoqD.5tar·t ( ) ; 

p :-: c;\d_out 1 ~ 
*0 ::: go _va. 1 : 

/********~~***********************************************************~*~*** •• 
Initiat~ a transmit and a recieye 

***************************«************************************************~ 
/ 

} 

loacJ __ delav_ time=() ~ 
lo.",d.Tr-;?cord _tilTH:: ( ) ~ 

tr·.:li"l·;.;mH. ( ) ~ 
r'2C i ~,)ve ( ; : 

!**************~***************~*************************************~****.,** 

Initlat~ a rscieve 

*****~*********************************************************~****~*******~ 
I 

J"8C i e:vc~ ( ) 
-[ 

} 

p = ad_st.art ~ 
*0 = go.yal ~ 

1**************************************************************************** 

Load parms and initiate a reciept without a prior transmit 

~~*****************~********************************************************~ 
! 
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-:: 

} 

load _ dE' Jay __ time ( ) = 
load _record. _ time ( ) ; 

P ::.: C:ld_stC\'~t; 

-l:'P -::: go.yea 1 ~ 

/***~~a*~***~**~********************************~**~*********************~*** 

MOV8 th~ recorded data to th~ are4 for retransmission 

~*****~**~~*************************************************************~*~** 
1 

{ 

shor't *01,';}02; 
lilt i.al 

P 1. ,- ad_J'am~ 
p2 = da ..r'c:ilrl~ 

!* moY~ the number of points in recorded time from AD ram to DA ram * 
I 

~ ~ recore, time * ~OOO= 
for (j~O= i< a= i++) *02++ = (*p1++ « :;:) ~< O~<fffO~ 

lI-p2 == 0::,::::::001 ~ 1* stOD bit set *1 
} 

I****~*********************************************************************** 

indirect call to get Freauencies 

***************************************************************************** 
I 
g€!t_ freqs_).nd ( ) 
{ 

qet_ freqs ( ) ; 
;. 

1*************************************************.************************ 
Print appropriate menu based on position of keystroke 

***************************************************************************1 
11"~11!.! ... seleci:·_90 () 
'C 
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I 

int i~ 

" 
J' 

1* Pr'int the menLl cOJ"J~esponding to the row selected *1 

for ( i :::: 0; i -( ma::<_Tow; i++ 
{ 

} 

{ 

} 

pr_.rncmLl (i+l)~ 

zero.5el_.matrh:: (); 
retLlt~n ; 

1******************************************«*********************~****~***~ 

Claar th8 s~lection matrix 

****~**********************************************************************! 

{ 

int i ~ 

]-

fOf' (i:-=O; i <: rna>::.Tow: 3.1-1-) 
cLlrrent.srn.row[i] ~ 0; 

F;)t"' (i===O: i 0::: ITIr.I;:·: _col~ i++) 
cW-'t"'ent,.srll. col [.i] =- l): 

1************************************************************************** 
UP_MENU- moves the posItion to ~he first nlace in the menLl of a 

level one above the current one, and then prints the new menu. 

X~*********************************************************************~***/ 

up _ menLl () 
{ 

jf «pos.rnenLl < ma::·:; .. lTIenLl) ~~g~ (pos.menu) 0» 
.[ 

po~j. menLl = ()~ 
ODS. row '= 0; 
pos.col -. O~ 

if (DDS. menLl 0) e)::it .. SYs(): 
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• J. 

e>~d t_,sys ( ) 
{ 

]-

c:lear __ scr~en () ~ 
vmode (:::) ; 
e::<:j t (0) ! 

I***********~*********************************************************~_*** 

S~ts Lhe logical position to reflect the desired choice 

***************************************************************************1 

'10 ,.J:o .aLli t () 
-[ 

:;. 

-[ 

} 

{ 

} 

pos.col = Quit col! 
pos.row = auit /'C\'H 

pos.col - co.col~ 

0os.row - gO,F0W= 

pas. cal = first.col~ 
oos.row - first rGW= 

1************************************************************************** 
move one so~ce in the proper direction 

***************************************************************************1 
inc ,. row () 
{ 

pas. row += 1 ~ 
} 

dCi'= I~OW () .. 
{ 

DOS.I~OI"; -= j • , 
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I****************~********************************************************* 

HILIGHT and UNHILGHT -

Th8Fe routines perform the switch function in order to 
hilight and unhilight a field in a menu selection situation. 

**********************~****************************************************1 

h 11 i oht () 
{ 

} 

l.lnhil:iqht () 
{ 

1************************************************************************** 
Mark place in the selection matrix as chosen. 

******************~*********************************************~********~*I 

·,,;i:ivaba.,oos \ j 
{ 

} 

1* mark as seJected: curr~nt menU. row. and column *1 

C:1_wrent._~,;rn~lTIenu ::= pos.mE:'nLl: 
current_~m.row [pe~.rawJ - 1= 
curr~nt_sm.c:cl [pos.col] ~ 1~ 

1************************************************************************** 
Get input filename 

***************************************************************************1 

{ 

1* PrInt Quwstion *1 

cprintf( Que rOloJ+2. eLla col. yelloN, black. 0, "Entel~ fi laname: ") = 
sc""nF(II~GII,~{n..fila): --
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} 

ePI~int.f(S',f2_ r'm..,+:~:, S172.coJ., whitE", bl Llt:: , 0, "0( 

eprint-F(sf2._row'i-::::, sf2_col;'2, ~'1hite, blue, 0, ";t~s", in_fn,e); 
:.;. n ): : 

1************************************************************************** 
Get output filename 

***************************************************************************1 

-[ 

int p]ace~ 

} 

1* Print aUl'?$tion *1 

cpl~intf(que_,t"Dw+2, Que_.eol, yellow, black, .1), "Enter filem6une: ") ~ 
'scanf(lIl.s",oLlt_file): 

1* Print filen~m~ in proper claee *1 

if (c:ut~rQnt snl. I~OW [0 J :-= 1) 

else if (cLI;':r~nt.5m.row[2J =::: 1) 

olac~ ~ sf2_row+l; 
o lace = sf2 _ro"J+5~ 

cprintf(place, sf2 .. col, whjt~" blue, 0, "( )II)~ 
c:printf(,?lac:e, sf2.,cCJl+2, whlte, bILle, 0, "I.~II, OLlt.filHI; 

I*******************************~****************************************** 

Plot ~he data desirec 

*****~*********************************************************************1 

.[ 

} 

plot.,data() ; 

c 1 ear._scre •. ?i'1 ( ) 1 
vmode ( ll;;,) ~ 

pr._cotTIlTlon ( ) ; 
p:,,'_menLI4 ( ) ~ 

1************************************************************************** 
Test th~ A to D c:onvertQr by pulling in curr~nt values until 
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done. 

*******.**********.**~******.**********~***********************************1 

-[ 

int c:hoiC:E!~ 

lnt test .'~o~ 
short .:-l-p~ 
t5hort temp ~ 

} 

1* Print messages *1 

(: leo:\r __ stal:us ( ) ; 
c:ot~jn'lf('i::tat.t~0\"i+2, stat,col, purple, 19reen. 0, II Testing A to [, a" 

c:lQar. messages(); 
or _ tes t .. )TI:;; ( ) ~ 

p = ad_read~ 
tsst_go = 1 ~ 
(IJhile ( test qO 1* do until end_key hit (once a key hjt) *1 
{ 

1* get an A to D value and print it (bits 1-12)*1 

temp ::: *0 » 1 ~ 

cprintf(inf row+3, inf col, lqreen. blac:k, 0, 
" It~F'UT valu\? 'is: 'Y.:=:~<:ii, bamo 81, O~,:Offf) ~ 

1* o~t new kev (should we get more or quit) *1 

choice = keynwTI( 'getkey() ); 
switch Ichoice) 
-( 

c:ase 4: test_~o = O~ break~ 

]-

1* end key *1 

pt" .. ITIE:ssages ( ) ~ 
c:lear .. statLls() ~ 
c:J.ear' ... info() ~ 

1************************************************************************** 
Test the 0 to A converter by outtinq out specified values 

Lln'lil done. 

*********l****************************************************************1 
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{ 

int choice~ 
:tnt test._90; 
shari.. *0; 

f* Print messages *f 

c:: 1 ear .... sta tus ( ) ; 

-----~----

cDr'intf(stat . .row+2. stat_col, purple. 19reen. O. 1/ Testing D to A ••• . , ) ; 

i.,U 'j.,./ 

c l ~ar _messages ( ) ~ 
pr _.test ,.dac, .1:'; ( ) ~ 

p =- d~ ... out; 
te~t ._90 = 1 ~ 
l'ihile ( test __ Do 

{ 

*0 = test_dac.out~ 
I 

f* do until end or return hit (oncE" a kE1Y 11 

cprintf( inf .. Fow+2, inf __ col, 19reen, black, 0, II VallIe put Ollt 

II ) ~ 

cprintf( inf rovJ+2. inf_col, 19reen, black, 0, II Value put Ollt 
i<:;= y':,.r,II.test dac out); . . ...- ... 

f 

:::./ 

]-

choice = akeynum( getkey() ); 

~;wii:ch (choico) 
{ 

]-

} 

pr .• messages ( ) ; 
c 1 ear._status ( ) ; 
clear . .info() ; 

case 4: test,go = 0; break; 

default: breah 

f·lf- end key "*f 

I****************************t*********************************************** 



I 
I 
I 
I 
I 
I 
I 
I 
I, 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

.., . 

Action VQctOl'" initia,lization 

Basically. this section is a large structure of pointers lo routine 

They are or~anized so as to allow the chaining together of routines 
into action chains for meaningful menu driven operations control. 

Thpre js also information contained as to what position 
in the menu the action is pertaining to, and what the physical layout 
of the menu is at that point. 

***************************************************************************** 
I 

r 
'-

, ,;.~. 

1* 
/i~ 

1* 
f* 
1* 

1-:.· 
1* 
1-';1; 
1* 
1-;1; 
1* 

Bracket & data labels 

Mi 
e: 
nl 
I-I I 
* 
-{ 

,jOW1 
LIP 
f'igh'l: 
left. 
end 
return 

down 
LID 

right 
left 
end 
retLlrn 

RI 
01 
I'll 
-)I-

-( 

*1 
*1 
*1 
*1 
*1 
*1 

I I 
I I 

I I I~ 
ILl b 
Ief 5 : 

fn I 
C/gi R 
oal 0 

I/h I w 
-:'* '* * 
-[ 

o 

{ 

{ { 

*1 
*1 
*1 
*1 
*1 
*1 

I 
I 

Al 14 : I 
I 

bl cl I 
I 

sl :CI 
I Viol I 

c: e/ul 
01 c/nl 
1 : tit: 
-;:f -ll' -;.. 

-" 
J • 

{ ,-• :::! .. 
{ 0 
{ 0 
.r , ::::" 
{ .-::. ,_I , 

{ .-, 
..::.. 

{ { (I 

{ I) 

{ ''''.:1 
,_t .. 

{ 0 
{ 0 
{ 1. , 

FI 
1.1,1 

nl 
c: 
* 

{ 
-, 
J • 

} , 
{ 

{ 
{ 

)- " 
)- ., 

{ 

J, 

}" 
" " 

(Sme structures of: 
position, 
action_vector, 
and oO':;it ion_.info 

for further edification.) 

1* nul~ vector *1 

Ltnhilight. inc _row • hilight } } . 

unhilignt, go_.to. Qui t, hi liqht } } , 
Ltnhilight. go_to_Quit, hilight } } , 
activate _.pos, menLI select __ 90 } } } } -

Llnh j, I j ght, go_ to _ first, hi light } "-J , 

e::::i t. _.svs ]- } } 

. 
J' • 

... .1, 





--------

I' 
I 
I. { { 

I) /.;;. nL\ll vector' .>;i. I 

I 
-.. 
J , 

{ 

f2 _.leng, sf2 _. l~ow+5. bo>': •. c:ol+l:::::, 

I /'" dOV-ln *1 { ( I) } , 
1* LlO *1 .[ :3", { unhilighi., dec: _row, hi 1 ight } } . 
1* r'iqht *1 { 0 } 

I 1* left *i -[ .-:. -( Ltnh i 1 i9ht. go .. to_ ClLli t, hili~ht } '. '-' .. J , 

/~. ~~11d *i -[ .,:, { Llnh i 1 ight, go_to_QLI it, hilight } '. "_I 7 J I 

1* t~(~tL\r'n ~./ { L" -[ activate _.pos, rne?nL\ se18ct _C!o '. } } } 
, 

} ~ .. -' J' 

I 
I· i **~M******~. t~f'2nLI *Fl - (Xrnit F'arms) ***********1 

{ -{ { 

I 
fl . .1 E":nC1. sf1 I~OW bm<_col+! • - , 

I ;J. da:H'>Jn *1 -[ { ::::" -[ Linn i I i9ht, inc _row. hiligh'c ..t- }. , ~ 

i·';i: LIP :;i-I -[ 0 } ., 

I 
/~. right .;;../ -[ :::: ~ { L\nhilight. QO •. to. first. hi light } } .. 
i V ll~fi: *1 't (J } " ">I' 

I:;i- end ,,,: 1 { . -:. { unhi.l.ight., qo. i.o • aL\jt hilioht } } .. ,_I , 

, 'J 

i'''~:':Ltr'''n *1 { 1 , .r calc wave } j. } } " 
. ~' '. .-

I { 
,L."-' Jenq, ~;,f."::: I~OW bO:'<: .• co i. + 1::::. ,''';' . -, . 

I ;" dlJ\')f1 ~'I " { ;~: .. -( Llnh i 1 iqht, inc _ro\'>J, hiliqht ::- ;. , i 'c 

/* ur) *i { I) 
, 
J' , 

i l :,:;:. (. iqil C *1 .:- <) j. , 

I 
1,';1: 1 E':l1:'t *1 { :~i .. -[ unhilighi.:., Clo. to _.Qt:', hilight ;- , 

J' • 

i~ ;~l1d *1 { :3., -[ Llnhi light, go_to_aL\i t, hlliqht ;- ]- "I 

I~ retul-'n */ { 1, { aet ... 1:'reQ9 •. ind } J' ;- } } "t 

I -[ -[ 

fl 
~ 

lena, sf1 _.row'l-l, bo~·:: . col+1. 

tJ /X, drJwn *1 -[ -( 0 J- .. 
1* up *1 -{ '-:. -[ Llnhilioht. deC_TOW, hilight } J' , 

'-' 't 

/'!r j" ight i<-/ -[ :3 .. { Llnhilight, go_to_first, hiliqht } J-., 
/'';1' lGlft ~'I -[ 0 } .. 

I ,"Jr;;. ~md *1 -{ (l J. , 
1* retLU"'n *1 { 1 , -[ LID_menu } } } }. 

I -{ 

f2 • .1enq. sf2 _.I"'OW+::i:, bo;:.,: , •. co 1 + 1;~:, 

/ x~ down *1 -[ { ;~: .. { Llnh 11 i ght, inc .ro~'1, hilight j. }, 

I /-';1: l.lO */ -{ ;~: .. { I..lnhilight., dec.: _row, hilight } } '1 

I 



I 
I 
I 
I 
I, 
I 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

/>:.. riqht *1 
/.)f left *1 
/';;: end *1 
1* return *1 

{ { 

/l(- down *1 
/'* LI.p *1 
i 1(. t' i 9 h t * 1 
hJ.- 180ft *1 
I~: ;:.md *1 
1* rc:'tul~n *l 

" .~ 

{ { 

{ 

(1 
} 

o 
-'. 
J , 

{ () }, 

{ ::;:, -[ Llnh i1 i gilt. 7 go_ to_.go. hi 1 ioht ::-}, 
{ ::;:, { Llnhilight, gO_tO_QLti'!::, hilight }}. 
-:: 1, -[ oet_burst_l ength ::- } } ::- ). 

1* null vector *1 

{ ':''::, '~ Ltnhilight, inc _ro~·j, hilight } }, 
-[ ::", { unililiqht, clee.row, hilight ;. 1', 
{ 0 ":' .. 
{ 3, -[ unhiliqht. 90,to_9C, hiliqht }}. 
{ ::::, <.. unhili'Jht, go.~to_Ol,\it, hili.ght ::-}" 
-[ t, -[ oet.TCiITIo } } } )'}, 

1* null vector ~I 

f2_leng, sf2_row+6, box.col+13. 

/ :~. dl)l-'in 

l,~ LID 

*1 -[ {::::, {Ltnhili9ht, inC._row, hiliqht } ;. ': 

} }. .';1-/ { :~" { unhilighi.... dec.FOI·J. hiJiqht 
/'i.' ?'i.qht *1 { 0 ;.. 
I·~ lE:,Fi..:. */ 
/;~. ,-::ncj *1 
I·X rbtw~n '';1-/ 

-[ 

,';:. tjr.Jwn ";!,'I 
1"-* LIP *1 
l~' r' i. Q h t * I 
1* left *1 
.';:(. I'~ r1(j * 1 
I'~i' retur'n *1 

-[ 

-[ 

-[ -{ 

o 

o 

.. :. , 

{ :::, -[ Ltnhilioht. oo~.t:o •. qo. hil iqht 
{ ::::. { Llnhilight. gO,,_tO._OLlit, hiliqht 
{ 1, { get.,oecay 

1* null vector *1 

-( -( () )0, 

{ 8, { unhilight, dec_row, hilight 
'C 0 )- .. 
{:~:, {unhilil;lht, go_.to_90, hilight 
{ ::::, { Ltnhilight. go_to_Quit, hilight 
-[ j, { get. rnb:: .. lag 

1* null vector *1 

J. _' .. 
;. j. 1 

) } } .f oJ .. 

, , 
.-r .t, 

} }, 

} }~ 
J. } } } }, 



I 
I 

I 

I 
I 
I 
I· 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

/:::. 
/.~. 

Ir.· 
1* 
/r.' 
l* 

/ ~~ 

/'.":t 
/.~ 

'~ .. 
l -';} 
1* 

1* 
/11' 
/r.. 

1* 
I ~. 

l* 

{ 

{ 

{ -[ 

{ 

f'~ ..:.. 

down '{.·I 
UJ:"I ·lfl 
j"i(lh'c -ll./ 
leFt */ 
lmd *l 
l"e:tLtrn *1 

.r { I. 

fl 

d'J',<Jn -:X·/ 

LtD *1 
t~iaht .~, I 
1,,,, Ft *1 
end *i 
rl?tl_'.r'n */ 

{ 

V' ~ 

dr.:H'ln *1 
up ~I 

t~.iaht *1 
left *1 
end *1 
rs.'tLlt~n *1 

-[ -[ 

,:.. 

(I 1* null vector *1 
} } J, 

I***·~·~****if l'1enu #2 - (Receotion F'arms) ********·If*** i " 

(I 1* null vector ·If 1 
'. J • 

Jenq. s;F1. I~O\'J bo::< .. col+1::::. .. _. , 

{ -[ ::::" -[ unhilight, inc ._rOIoJ, hilight } } ~ 
-[ 0 J' ., 
{ (:r } .. 
-[ :::"J -[ unhilight, go .. to_QLti t, hilight .... .' } , 
-:: :~: .. ( unhilight. go_to_oLli t. hilight ) } ; 
-[ 1, -[ get -. recer'd --time } } 3' } j' " 

lang, sfl I~O\-I. bo::( .. col+1; 

-[ { \) J-, 
-[ 0 '. J • 

{ . -. { unt1l1 ight • ge .. te. first. hii i.Clht } ' . '-' .. J • 

{ 0 j' "I 

-[ (I ., 
J' • 

{ i, { ltD menu } } 
. 

} ., J 

., .. 
. _Jang. sF! _Tow+2 • bo:::: coJ.+l::::. -

{ { (I j' ., 

·t ::€:., { Ltnnilight. dec _row, hilight } )- " 
.: .. 0 j. , 

-[ ::::., { unhiliqht, go_.to_.ouit. hl.light } '\ 
J , 

-[ :::: .. -[ LLnh i light, go._to_Qui t, hilight } )- , 
{ 1. -[ oet __ delay_.t ime } } } } '. J • 

0 1* null vector *1 
J< 1 

(I 1* null vector *1 
} ]0 , 



I 
I 
I 
I 
I 
I 
I 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

/~. 

1* 
Ir., 
1* 
/* 
1* 

I~' 
/.*, 

{ { 

-[ 

-[ { 

{ 

{ { 

{ 

.,-
'. 

.:. -[ 

{ 

df...lWn *1 
up */ 
i" i gh t. ~'I 
18ft */ 
~'?nd *1 
retLlrn *1 

-[ { 

down *1 
LtP '~I 

------ -----

0 1* null vector *1 
.. :. , 

0 1* null vector *1 
}- ::- , 

0 1* null vector *1 
} , 

0 1* null vector *1 
} ;- . 

o 1* null vector *1 
J . ., 

o 1* null vector *1 
J' J- } 

I~********* Menu #3 - (board Control) ************1 

(I I-)S; null vector' *1 
j . .. 

f2_1eng, sfl _row, bo>~_.c:o 1+ 1::::, 

-[ { .-, -{ Llnhi light, inc _raw, hiliqht ]- '-.':1 ? 
J , 

-[ (l ;. .. 
{ 0 }., 
{ ::::" { unhilight, go_to •. Quit, hil ight } } , 
{ ::::" { unhilight, go_to_Quit, hil ight } ]-, 
{ 1. , { transmit } } } } ;. , 

fl _l,mq, sfl _-'~O~Ii, bo:,,: _col+1., 

-[ r 0 ]-" 

{ 0 '. J , 



I 
I 
I /''j, right .!:f/ { :;::" { Llt"ih j 1 iotl't'" go to,fir'Oot. niljght }- } . 

/:;.. ll-:~'F t ~,/ -:: 0 " J • 

I 
I·if E.'no *l -[ (, } 'I 

1* re'turn */ { L { up, ,menu } } } }. 

I 
{ 

f2 _,lenq, s:.f'1 _row+l, bo>~ _,col+l::::, 

fr.· d':Jwn *1 { t '':0 { unhilight, inc _row, hilight } " ,_" 1 J 'J, 

I /* up */ { :;: .. { unhilight, dec I~OW hilight } } , - , 
/>j,' l"lght *1 ,- 0 " 'c J , 

1* lef1.. *1 { :3 .. { Llnh i 1 i9ht, go •• to_ QLli 1.., hilioht } } 

/=t.. (mo *1 { ::::" { Llnhi light, go_ to _quit. hi li(:lht } '\ 
J , 

I I'';i' rE·tut"1l ,';l- / -[ ; -[ rec i eve _,on 1 y ;- } } :I }" .I. • 

", 
" { 

I 0 1* null vector *1 , 
~ . 

.:: 

I f2 ., lena, sf'l . 1~01"/+2, bo:;::._co 1+ 1:;::, 

1:- d ()\>)f1 */ { -[ :~: .. -( [.lnh i 1 ight, inc ,_rol-i, hilight } -', -, J , 

1* up *1 -[ .:;. { unhi.liqht, de.= _rO\'i, hiliqht } }" ,_, "t 

I I ~, r'iqht */ { n " J , 

/';;" left -::t / 'L :~:., { unhiIight, go.to.quit, hiUgt1t ::- " J , 

I"~' :::>nd ~l " '" ::::., { unhiligh1.:. qO_to_quit., hilight ;- ;. " 

/",' return ,':i / " J -[ tr'2.ns I~ec } } ~, -', 
}" '" 'c , .' " 

I 
I 

{ .[ 

(1 /';;' nui 1 vEc1..or *1 
'. J , 

I 
.[ 

f2 , . .J enq, sfl _1"01,,/'''::::, bo::::.co 1 + 1:3, 

/~. CO!;4[1 *1 ,r -;: :~~ .. { < I.lnhi 1 i9ht, inc . rOI,,/, hiliqht .' J' : 

I 
/* up .~ / -[ :::':., { unhiljc;rht., dec _.r 0 I .... , hiliqh'l.. } ~ 

oJ ., 

/'* (' .i.9ht *1 'L I) J-, 
1* left ,~ I { ,,:. { unhili9ht • qO_,to_ QLd t? hilight } ]-'-'", , 
,.I ~~ r::md *1 -( :~: , { Llnhilight, gO,_tO_ql,! i t 1 hilight } } , 

I 
i''j, 1M G1 t Ltt~!1 .~ ,/ -[ 5., -[ zer'c_ .. ad., load -. t~eco:~d _time, 

t.lnh 1 i ight. dae _r 0 I .... , hi 1 'l.:,?ht } } } ;- } , 

J 
.~ .[ 

(l 1* !JLll! vector */ 
'. J , 

I 'c 

-['.7: .. J enq, s:.~' 1. - r"o~v~:"4 M bo:": ., c01'+1:;:, 

I 
::::. dm'lr1 ;;./ -[ { :::: .. '" unhilioht, inc,J"~w, hilight ]- " J • 

I 



I, 

I 
I' 
I 
I 

I 
I 
I 
I 
I 

Ii 

/ ;~ uC', 
/~. t~.i f"lh-l: 
!"ii ll?ft 
/';!.. t~f1d 

/* retLtl"n 

! ;:{. d(')"1n , 
/.~ ' .. tP 
.. ~-\ . ;"iqht 
1* lei't, 
. ;-. , .. ~md 

;.'!<- ,~el;u'-'n 

.~. f.Jo~;n 

.' :0:: t.il) 

I'~: ,. " '~;l": 
i " i.~.:> F i: 
i* e--n;:j 
/* r:.;Jtt..lt~n 

:~. !~~"Jwn 
j.';! LtP 
1·;1.· ~"i.qh1': 
/J~ le·Ft 
/~. .,:nd 
j.>},. rEd,: L\I"f1 

;,~. ,J.::Wf1 
j-::; un 

-:;.1 
*/ 
"AI 
,;./ 
'';}/ 

I~ .r 
\. '. 

o 
". 
J • 

'c 

.~./ 

'" I 
li:/ 

''ill 
::.~ I 

''f</ 

'~'/ 

/ 
~/ 

>:(./ 
,,~/l 

':.,1 

11../ 
'iil 
j:(./ 
'';!r/ 
*1 
*./ 

.:.: { 

" '. 
", 

-( 

{ 

{ 

" . ;. 'c 

, 

':.. 
{ 

{ 

.:: 

:! ~ < Ufinl i. i9nt. t:c:,c t~dW, hj J iqh"... } '. J , 

I) ]- . 
.:.. { unhiljC;lht. ("Jo •. to_.oLd t, nil i 9h;;-. } ]- ., "-' .. .-, . .:. , 0[ Ltn h iii 9 h t , go_tO •• OLti t, hilight } ;. ~. 
5~ -[ i·\d - to _Oa, Ltnhilight., dec _.row, 

dec _ro"'J, hilight } ]- } 

/* null vector *1 

f) l .. 

::;::, ';, dnhi 1 iOtlt" dQc . ..r'ow. hi] j CJhi.. } } .. 

:', -:: Ul'1fli1 l,:;Jht. qO,to"quit .. r,qi.qht .:
:~:, .;: w1ni.light. gO"to_OLlit, hiLghi: ' 
],. -[ <\d.,iust:_ITIi::< __ lag 

.. -:: ,.:. ".tnh'iliaht, inc ,f'OW. ;-'il'~'::ln!: " }, 
"' .. ':J ::- "I 

'L .- 'c L~nh j 1 iqhi... r:. C' t.o fir~S".t .. hi 1 if.':ht .;; "I 

'" -
{ (! ]- .. 
, ... :: ... 'c unhi light. r.!c to aui ~.: hj lioht -,. •. 
", :l .. ·i .. f i 1"j . -T.r.?ns'Fer _90 

{ ~ -'. ::;:, { W11111ight, inc.,rm'l, nilight 
{ 0 '. J .. 

-[ 0 '. J 1 

-[ ::::, -[ Llnt1 j J. iClht, go to ... 9 0 , hi Ught -
.~. :~: , .. 1.lnll iIi ght, gO_tO_OLIU: , hi liqht " , ''"';. -[ activate _.pos. get,.fi len.;:;me_.out 'c -- . 

{ -( . "i) )-, 
i B • .[ urrrlilight, dec_,-.o\'J, rdliQht 
i 

, :;-", , 

)- : . 
} } 

} 
} " 

} " J , 

} 
} ',j 

} }-

]- J" 

} } 

J' } 
" 

} )- }- , 



J,l." ... 

I 
I 
I .to ~ .. i"iqht -~'I - :~: .. { L\flh i 11 '}ht, go_.t.o.,Jir-:;t., hilll:~ht )- )- 'I .~. 

/-ll- left 0;.1 -[ 0 ]- -.: 

I 1 >;: end */ " (I '. < J J 

1* rE'tL\l~n *1 { 1, -[ uP •. menu } ]- } " J- , 

I { 

f2 __ leng, sf~~: _ro\'J+2" bo::<_.co 1 + 1~:, 

I>:., dCl\\Jn *1 { { . .;: , -[ Llnh i light, inc _row, hilight ]- " J • 

I I'~ LIP ,";t/ { :~: ~ { Llntl iIi ght, dec .I~OW. hi light )- '\ 
J , 

11/ ~. i'-'ight .>;;/ { 0 } " 
l* lE:~ft '~I -{ :~: .. { unhi1ight, go_ to _go, hilight ]- ., 

J " 

1* .~f1d .ll-/ ·t .. , -[ unhi11l1ht, 90 .to_'~Lti t, hil ight ;- ; . 

I 
'.:' " I 

1-";1: t'\=' '- ut 'n *1 -[ .::. { ,,-let j vai:E1 , 'pO~" ClGt .;: i 1 e·r I i.lITlE": in .. ;. } } , 
~. "I-,- . J 

I { ". 

() I,)' null vectol~ *1 
J. ~ 

I { 

r-' . .lena, ·::'·1~2 1~I::lW+ij. bo::< _col+1:::: .. .~ -. , 

/:;.. down */ 
, 

" ;~: " { Llnhllight, inc row. hillghi: -" } 

I 
'< - ; 

/-'}; up :it / -{ :~; .. -[ unhilight, dec_,~OI'<1. hiUght } -, 
.... " 

~/ ;~ ," ight *1 { <) J' .. 

I·if lei=t *1 .! .. ,-, { unhllight, go to :':10 hiliqht } J. , I":., -.. . 

I 
/::} "?l1d *1 { '-:1 ( Ltnhilight, go __ to __ qLI t, hilight .. I, } 

'-' "f 
, 

/-;t 1--'8tut-'n "'* / { ~" '< <,_cti vo!\t€? .. DOS, cc::t f J E:n.nrrr~. ,oLlt -, 
i } ", 

J " . 

I r { ',-
C· 10,* nuj i vectcl~ *1 

j. 

,I { 

f-:' leno, sf:i._I-'OW+"7, bo~<. col.+l:;:. ..:. .. 

I I~' dO\\Jn ~'I { { <) " J • 

1* up -';1:/ { ;:::" -[ unhiliyht. dec _,row, hilight } ) , 
/~, right */ -[ 0 

, 
J' , 

1* left */ -[ :3" -[ Llnh il :i ght, go --to _ go, hilight } } . 
I l* nnd *1 -[ ;~:, -[ unn i light. go_to_cuit. hil il21ht } '. J , 

1* re i_Lu"'11 *1 0[ 1 , -[ data _to screen } } } J- '\ - .' , 

I 
{ -[ 

(l 1 "A- nLtll vector *1 

I J. , 

{ 

I 
0 l* r1LIJ 1 vector *1 

J }" 

I 



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

-[ 

{ { 

/i1.' down *1 
1* LID '';1:/ 
/:~ t~ j oh".:. '';i: / 

/~. If.?ft "f.-I 
I-~' f'nd .;l·1 
/~. r ...... 1"CI .. trn */ 

.'X· di'JlAJJ'l *! 
/.>: UD -:if 

';:; ;" inht -)(0/ 
,I ';} liE'·;:./; -';$: i 
" <: rm~ -)(0/ 
/,~ r(:!tL\i~:-1 ,~/ 

( 

( 

.' '. 

{ -[ 

/:~, down "f.-/ 
/.~ Lto;::' / 

! '* t' i q h t lI,. / 

1* left -';1;/ 
/ l(. ,~ncl i1../ 
I-'?,' I"£:;turn -;:t I 

{. 

{ ( 

(J 1* nLll J vector *1 
} 

I) 1* nLlll vector' *1 
} ... 

) " J 

1********** Menu #5 - (Test DAC) ***********1 

o 

{ 3, { unhilight. go_to_ouit, hilight }}. 
{ 1, { tesl:,.~dac: J;Jo } J. ]- } 1 

-[ { () :;" 
,t () J" 
-{ () }-, 

{ :?: , { un h i, 1 i c;: n t. 00. t. 0 _ ~ 0 , rd J i q h t 3- j' •• 

{::::, {Llnhllighi:. go.to_.QLtit. hilioht } J 

{ 5. { activate_.Dos. ge~_ ciac_out_data. 
Lin h iIi g h '.: _ go _'i:,.::!.~ go, h i ~ i 9 h t ;.} ~ 

-[ 8. -[ unhilight. dec_row. hilight } }, 
{ ::::, { Llnhilighi:. go _to_first, hi lighi: } }. 
.[ () ::' .. 
{ I) }. 

'. 

-[ 1. { LID •• ,men u } :> :> ;.. 

1* null vector *1 

, 



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

/~ 

/-)r 
/?::. 
I'~ 
.. x:' 

{ 

{ { 

-[ 

{ { 

'c 

-[ ". 

-[ 

{ 

{ 

dOI-m *1 
LtO *1 
r' i r,ll1t *1 
l£.~ft, ,~ / 
I:md -lj'/ 

I) I~ null vector *1 
j' , 

() 1* null vector *1 
} } 't 

(I 1* nul I vEct.or' *1 
]-

I"· .. ' 1* null vector *1 
3- ]-

" 

0 1* null vector */ 
} . 

<) 

J. } , 

0 1* null vector *1 
J' , 

I) 

} } ". .. 

1********** Menu #6 - (Teat ~DC) ************1 

o 1* null vector *1 
;. 't 

-( ( 0 " J , 

-( 0 )- , 
0( (I " J .. 

{ ,- ·t I..lnhl,light" go_ to_.ClLlit. hi.ligh'l. } J-, '-' ~ 
{ ::::, { l.lr1hiliqht, go_ to, .• QLI it, hilight .:. J. '. 



I 
I I 
I 
= 

I /'';l; t.,c;:tl.!I~n */ " '< 1. { test .Rdc .. qo } } J' } } . 

I { { 

fl _.lenq. sfl I~OW tJo::<_ co 1 + 1. -- , 

I 
/.~. down *1 -{ -[ 0 } , 
1* UP *1 -[ <) '. .. 
1* right *1 -[ ::::., { unhj light, 90_ to_.first, hilight } '. J ., 

Ir.- l~ft *1 .' 0 ;. , '. 

I 
1* end */ { (J '. J • 

/-ll' retw"rl -lj./ -[ 1. -[ UP mE.'I1LI ]- - } }-
" 

I 
{ 

(.0 1* null vector :;1;1 
". J- .. J 

I 
-[ { 

I 0 1,'* null vecto!~ *l 
]- " 

{ 

I 0 1* rlLtll. vectol~ *1 
" J. 'I J' 

I .r 
'. .j .. 

0 1,'* r1l.',ll vectot., *1 

I 
,.:, ., 

0:' 

0 1* nul 1 vector ·)i:1 

I 
;- } 

I { { 

(I 1* nLlll vector *1 
} 

I -[ 

0 1* nLlll vector *1 
} '. J • 

I 
{ -{ 

I 
0 1* null vector ·';l;1 

; ... 

-{ 

I 0 /'?: nuJ.l vec:tm' '';l;/ 

I 



\\ 

I 
\" 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I"i ... 

j. } 

I**~*************.**~****************************************************** 

T':""IhJ? Ac:tion-

'(his routine i::akes in <.t aiven kev <.ind th8 position fo," 
WhlCM that key was hit. and causes the proper chain of ~ction~ 
to be carried out. 

*****~********~***************************************.****************~***/ 

; ,) ke ::lct i on ( kt-::y ) 

int kev~ 
{ 

l.nt COLlni., inde::<.~ 
"i:rl.lr:l: po.;;ition i.nfo ·*l,Jcus: 

locus ,. ~,!1oc<.ition Coos.menLlJ Cpos.rol'-lJ [Dos.col]~ 

count '= lOt.:Lls-)aci: yectCkey].cQI.lnt: 
inde::< ::. ()~ 

whi Ie 
{ 

.:' 

COLlrlt.--- :;:. 0 ) 

1************************************************************************** 
DOS call to get the keyboard key value 

***************************************************************************1 

.( 

inreqs.ax = OxOOOO~ 
INTSl(Ox16,&inregs )~ 

return (inr8gs.ax)~ 

1* use read kevboard character *1 
1* service *1 

1* r~turn the 16 bit key *1 

I*******************************~****************************************** 



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

Chdnqe the color of thG ~pace at th~ cur~~nt positi~n. 

*********************»~****************************************************1 

{ 

struct position_ info *lccus; 
int times, row. col; 

I 

) 

locus = &location [pos.menu] [pos.row] [pos.colJ~ 

times - locus-)length: 
row = locu~->abs .. row: 
col·: locLls-)3D3_col; 

wnile (times-- ) 01 

{ 

CLlrset ( row. col+~. pag~)~ 

inrmgs.ax - Ox0800~ 

inregs.bx - page « 8: 

JNT86(Oxl0.&inr8Qs ): 

1* fer the leng~h of fj~lc 

1* and it~s atlribLlt~ 

l.nr'E'qs:., i:I::< _. l.nregs. a::·:; ',c O::::CJOff: 1* ~<lri te UcH:1:: .sanl"" 0:.:1'1<:1'"' 
inr<t::'gs.~>:: I::: O::::O:;/OO! 
inregs.bx = inr8qs.bx & OxffOO: 1* sam8 Dace *1 
inreos.bx i~ «color bq « 4) 

oj- colt1t~ • .fq) ~ 
i nrl~gs. I:::.,;; ~.: 1; 

1* differ~nt at~ribut~s ~i 
1* on~ COCY (no r~Dsats' ~ 

1************************************************************************** 
KEYNUM- returns an intecer value to b~ used as an index for each 

meaninqfLll. key. 

*****~*********************************************************************1 

in t. 

int 
" ". 
int 

keynwn (key) 

key; 

tP-ITIP: 

switch (key) 
{ 

case dOl'm ~::~v: 

ternp:.~O: break~ 
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ternp::i ~ brC'ak~ 

case right_key: 
temo=2; break; 

temp=::::; break; 

temp=4; break; 

casl:: return .)::ey: 
ternp=5; br(2ak; 

def8.L!lt: 
temp::O; 

} 

rei:.Llrn (temp); 
]-

I******************************************~******************************* 

AKEYNUM- returnG an integer value to be used as an index far edcM 
rneaninqful key. (A far Alternate) 

~****~*******~*************************************************************1 

;,.,:: ak~ynwn (key) 

int kev: 
{ 

jnt tC::'rnp~ 

case down_kev: 

case left J::ey: 

case retLlrn_key: 

cr.;!.se blLIS):;8Y: 

ternp=b break~ 

temp=2; br'eak~ 

temp::::::; breat~; 

ternp=4; br~ak; 

temp=5; break; 
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deFaLllt: 

} 

I"etur'n (temp) ~ 
} 

1****************************1 
1*.. pr.c boundpoint ***1 
I***~***~*********~**********I 

I*****~*~*****~***§*~**************************************~*************~~ 

PR_MENU- prints the m~nLl corresponding to th~ menu number passed in. 

*****~**********~~************~***************************************~***~i 

-[ 

-:: 

]-

case 0: 

case 1: 

Ct..~~:(? :2: 
DI'~ mElnLl'::: -

cas';? ~:i : 
Ot-· menu;~. 

case 4: 

case 5: 

case .,.:,: 

deFaLll t: 
break: 

( ) ~ bt'eak~ 

( ) ~ break: 

1************************************************************************** 
Print thcsa sactions common to all of the main menus. 
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} ,J 

************J***~********~~*******************~*******~.****~*********~****I 

{ 

int i; 

1* Print in text mode, on page 0 *1 

vpaqe(O) ; 
vmode (j~.); 

1* Print headers *1 

c~:H~intf(mc:!ss_r'ClW. n,€?s~, .. Co:;ll. ,"'ed, bL:,ck" 0, "MESS{-IGESlih 
cPi"'ini: f (qLle .,rC)~i. ClUe? .. .col, red, b ldCk, 0, "QUESTIONS") l 

corintf(,:,\ctoo,I"'OI·L C:iCt_COl., t~~d, black, I), "ACTION") ~ 
cPI"'intf(sel,.rOl'i. sel .. l:ol, red, black, (I, "SELECTiON") ~ 
cprintf(sta1:.Fow. stat •. co:i., red, black, 0, "STATUSII)~ 

1* Print messages *1 

Pt~. ITJESSa,Oes ( ) ~ 

1* Print horizontal bars *1 

cprch'::ir'CrIIEss, r'OI"J+l, ,ness, col, bt-'own, black, 0, lTJE'ss .. ,Llnd_IEHlo, i"t~J~_c:n~ 
cpr'c:hdr'(cLl:'~,_row+l, QLl€? .. col, bro~m, blat:k. 0, Q'.ts_Ltnd._leng, hzt ,Jh 
cp~char(stat.Fow+l, stat, col, brown, black, 0, stDt_Llnd_leng, hztood); 

CDI"'l:h,ar (bo;:':: .. TOI'i, bo::.:; .col +-1. Irt.,.bar_color _fg, m~bar,_colot~,_bt;l, 0, fl.,!::: 
nc,:J. hzt,od)~ 

cpr-'cto,Dr" ~ bm':".'~0I·i+'12. bCi~-::_.col+l. ITJ, bar_,color~_fg, m. ,b,::u-·_ .. colCl'~·, DC;. O. f 1, 
., ;~lifJ. h zt .. d ) ~ 

cCH"'c:ha,"'(bo::::.,ro\IJ, bm':.,.col+ 1.:::: , m .. bar~ ... color".fg, rrt_,ba'~"o,color._bq, C. f2 ]e! 

'''.1, 11 z i: . d ) ~ 
cot~cha,-'(bo::": .. Tow+l:2. bo:,.;;. c:oi.+l:;;:. ol.bar'_color,o fq. 1TI".bar'."color .rJCI. (I., f,7 

.i:mSl, h~:t_.d); 

1* Print cornc:!rs *1 

:j r' .d) ~ 

1* Print vprlical bars *1 
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{ C":Pt .... chc:~t .... ( i , bo::<_col, rn bal" co I Ot .... _fg, ITI __ b21I~_!:.O 1 or _.bg , O~ j vrt .. -. , 
Ij) • - , 

cprch<B.r ( i , bw<_col+12, m_bar _color _fg, IT! __ bar _colot .... _.bg, 0, 1. • 

cpt .... char ( i , bo::<:_co 1 +::::::::, ITI_bar_cplor_f'g, IT! -bar - color _bg, 0, 1., 
./ ;,-,1: d)' . - , 

} 

;. 

1************************************************************************** 
Print standard messages concerning control keys 

******~*~~~~*****~****************************************************~****I 

.J"~ , .. mQSs(3.c.18":; () 
{ 

Cpt .... i nt f (me~.s _ .1'·ow-r-;2, 
" 't )1,'11.05 dil"8ction ll

) ; 

cot .... intf(mess ro~..,+:;;:, 

i 1)1'1 Dr' <:lct ion "' ~ 
cot .... int f (mes=; . 1"'04'J+4 , 

.; j ; 

} 

mC?ss_col, yellow. black, 0, "ARRo!~!S -

oless_ col, yellow, black, 0, "RETURN - Select oat 

mC?ss._col, yellow, black, 0, '.'n.m Go i.o qLIJ.t 

1*****************************************************************~******** 

Print m~nu 0 - The main menu 

***************************************************************************/ 

!"lC F'ri"nt color' FiE,leis -'i/ 
b 1. an f:: _ f .i e 1 d s (;.; 

1* Print fi8ld choice labels *1 

cprint F(sfl_row, sf2 __ col, opt._color _f9, opt_color _bg, I), "TRANSr'1ISSIO 
N PARlylS II ) ; 

cp' .... intf(sfl . .r'0~~+1, sf2 __ col, oot_.co10r _fg, opt __ co10r _bg, 0, "RECEF'TIOh! 
t~ fiHt~S II j ; 

cPI~intf(sf1_.row+2. sf2_co1, opt __ co101~_.fq, oot_.color _bq, 0, "BOARD COhl 
fi\OI.") ; 

cPt'"'i nt f (sf1_-,,,ow+:~:, sf2 _col, opt_color_fg, oot __ color _bg, 0, "DATA TRAN 
!'3F,::R II ) ; 

corintf(sf1..row+4. sf:."::' _col, oot color' .1-g. oot __ co10t .... _.bq, O. "TEST DAC II 

) : 
cpr~intf (sfl_TOW-1-5, sf2 _col., opt_.co10t~_.1-g , opt_color _.ba, 0, II TEST ADC" 

) ~ 
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J1 q.r ) ; 

i:. II ) : 

]-

1* Print status *1 

cpr'intf( stat_rm'>l+2, stat._ col, yellow, black, 0, "At top menu. Select j 

corintf(stat_row+3, stat_col, yellow, black, 0, "function to carry ou 

1* Set current loca~ion *1 
DOS. menu = 0; 
pos.row = O~ 

cos.col = t; 

1* and hilight current location *1 
hihght (); 

I***************~********************************************************** 

Print menu 1 - The freOLtency transmission selC?ction menu 

******************~**************************~*****************************1 

-[ 

" ) ! 

;: 11 ) ; 

>" ) ; 

1* clear fields *1 
blank,Jield';5 (); 

1* Print field choice labels *1 

cprintf( sf1_.r'ow+.3, sf2,_.col. opt" color _ fq, opt __ colcr _bg, 0, "( 

corintf(sfl_row+::::, sf2 .. col+2, oot_color _fg, opt_.r-olar _bg, 0, "'%.1 f ms 
"c· ... ", total __ t ime); 

::., II ) ; 

cpl~intf(sf1_row+5, sf2_col-l'2, opt,,_colar_.fg, opt._color_bg, 0, "X. if rns 
:?r:'.;", ramo._tlrne); 

:;.. 1/ ) ~ 

cprintf(sf1._)~m"J+6, sf2".,col, opt, .colol" ... fg, opt_.c:olor_.bg, 0, "DECAY"): 
c:orintf(sfl._row+7, sf2_c:al. opt_color __ .fg, opt_color_bg, 0, n( 

cDI~i.ntf(sfl. rOl.'I+7, sf2_"col-l'2, oPt.._coJ.or ... fg, opt .. color_bq, 0, ":C if ms 
.... r:.,", decaY .. ,t i rTl8) ~ 
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-------- --------

c!:)rintf( sfl. r-m'J-/'::::, sf2 .. col. opt . .::olc)I"', fe;!. opt .. color _bg, 0, "j-n X l.AG":' 

>" ) ; 
cprintf(sfl.l-ow+9, sf2_co1+2, opt_.color _fg, opt_co1or_.bg, 0, "i •• 1f ITrS 

I~r.<;", rrli ::<'._1 ag ) ; 

;=i" II ) ; 

} 

1* Print status *1 

cprintf( stat.Tov~+2, stat. col, yellow. black, 0, 

corintf(stat.row+3, stat_col~ yellow, black, O. 

1* Set current location *1 
po~,. mel1l.l =: i; 
pos.rot'" :::; 0; 
pos.col == 1; 

1* and hiliaht current location *1 
hilight (); 

"Tr"'ansnlission oara.met 

"selection menu. Sal 

I~*******************************************************************~***** 

Print menu 2 - The receotion control menu 

***************************************************************************1 

{ 

/I ) ; 

)" ) ; 

1* clear fielas *1 
bl;:lnk.Jlelr..is (:~ 

1* Print fi~ld choice labels *1 

cprintf~sfl._row. sf2_col, opt._color_fg, oot_color _bg, 0, "RECORD TIME 

cPI~intf(sfl_row+1. sf2 .. col. oot_color.Jg, opt_color _bg, 0, "0( 

corintf(sfl .. row+1, sf2_col+2., opt_.co1or_fg, opt_color_bq, O. "1..1f nle 
';c~·;". record .. tlme); 

cprintf(sf1 l"'ow+2 -' , sf2 .... col, opt_color • .:Fg, opt_.coler _bg, 0, "DELAY TIM 
I:: 1/ ) ; 

cprintf(sfl_row+3, sf2._col. ep'Lcolor _fg, opt ... coler _bg, 0, tI •• ·• '. 
>") : 

c:printf (sf1 .TOI'oI+::::, sf2_ col+2, opt_.color_fg, opt .• coler._bq, 0, 1Ir.. 1 f nls 
"".:,,~", dt::lay ,time); 
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.. II ) ; 

} 

1* Pr'l nt st~tLts ·*l 

cpri nt f (st2:\t_FOI,,+2, stat . col, 

cprintf(stat_Fow+3, stat_col, 

cprintf(stat_row+4, stat_.col, 

l* S&t current location */ 
pOS.menL! = :2; 
DOS. t~ow = 0; 
00:;.co1 ::: i; 

yellow, 

yellol", 

yello\'J, 

l* and hilicht current location *l 
hili.ght 0; 

black, 0, II Re'ceni. i on pcu"ametel~ " 

black, 0 , "selection menLI. Sel 

black, 0, "operating PCl.rcuneters 

i************************************************************************** 
Print menu 3 - The board control menu 

***************************************************************************1 

.[ 

f· '[I/E" ) ~ 

;-~(.'lt.,,, ) ~ 

1* clear fields *1 

1* Frint fielo choice labels *1 

cnrintf(sfl.To~'J. sf2 .. col. oot_color _fg, ont._color _bg, 0, II TRAN8t1 I Til ); 
cPI~intf(s·Fl._t-·ow+l, sf2_.col, oot_color_fg, opt_color_.bg, 0, "RECEIVE") 

C~lt~ int f (sf1. l~ow+2 _. , sf2 _.col, opt_.color_.fg, opt_.co 1 or _bg, 0 , "TRANS/REC 

cprintf(sfl_row+8, sf2 ~col , opt .. color .. fg, ont_.color._bg, 0, "CLt::AR AiD 

cprintf(sfl~~ow+4, sf:'2 ... col, oot, .color _ fg, opt _coJ.Ot~ _,bo, 0, "AD RAI'1 -:> 
t::{~ ;-;:('Jt1" ) ; 

cprintf(sfl .... I~oVJ+5, f'-' s ~ _.col, oot_col or_.fg, opt_color_bg, 0 , "ADJUST Ml 
X I.AG") ; 

cpdntf(sfl ._row+t.:., sf2 "cal, oot. calor 
-' 

_ fg, opt_ color _.bg, 0, 110( 

}II)~ 

cprintf(sfl. row+6, sf2_.col+2, oot_color._fg, opt._colol~_bg, 0, "Y..lf ITIS 
,:" .. :-:;" mb:;_lag); 

/* Print status *l 
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corintf(stat. r'o\o,J+2, ste>.t .. col, vnJ.lm-J, blc::ck, 0, "Board contt~ol mE'rtLI .• 

!31,'1;~r.:ting") ; 
cprintf(stai._I~mo,J·t-;~:, stat, col, yellow, black, 0, "actions fOI~ board pc 

I' FOt'rrtance. " ) ; 

} 

1* Set current location *1 
pos. rnenLI "" ~: ~ 
pos.row = 0; 
pos.col ::: i; 

1* and hilight curr~nt location *1 
hili9ht (); 

/*******~**~~~****************************************************~*****~** 

Print menu 4 - The cata transfer control menu 

**~********************************************************************~***I 

{ 

1* clear fields *1 

b 1 an ~:: ,. fie 1 d s () ~ 

1* Print fieJd cn01ce laoDls *1 

cpr'i nt f (51"; 1. _I~O\'J. ~:f t _ ,coJ., oot .. col Ot~_ 17:q. opt,.,CO i. Ot~_ be, ()', "GD") ~ 
cDI~int. f (sf1 . .rO::lw+1. ~~fl .col. (JDt_color _fg, oot,.color .• bg, (', "UP"):: 

:. [Li:: /I) ! 

C:PI~:i nt·F( sf 1 . .f'ow+ .'. , ",f2 .. col-i, opt_color _.fg, opt_.co 1 or'_bq, 0, 1'< 
: ... II ) ; 

cprintfCsfl_row+2, sf2 _col-l, opt_.color.Jg, opt_color .. ba, I), "FILE 
i;'(.)I~t'181l ) ~ 

cpr"i nt f (sfl_TOl'I+::::, sf2 .,co 1-1, opt_color _fg, opt •. color _bg, 0, n.::: 
~ •• IJ ) ~ 

cprintfCsfl t~ow+4 
-' ' 

sf2 ,.col-1, opt .. color_fa, opt_ colo," _bq, 0, "RAM 
f.l TO FILE">; 

cprintf(sf1_row+5, sf2_col-1, opt_ color ._fg, opt_color _bq, 0, 110( 

: ... 'I ) ~ 

cprint.f(sfl_row+7, s·F2 __ col-1, opt __ col or _ fg, opt __ color .. _be, 0, "RA~l 
n TO SCREEN") ; 

1* Print status *1 

TO 

DAT 

[tAT 

cprintf(stat_J~ow+2, stat"col, yellow, black, 0, "File transfer menu. 
'i.?lsd .. ing") ~ 

cprintf(stat.,t·C)\'~+;:::, st.at.col, vellp\o,J, black, 0, "desired file t.r'e:\nsfe 
r' ;:1\1,:1: i.r.:m. II i: 
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1* Set current location *1 

pas. menLI == 4; 
pas. row = 0= 
pas. col = 1; 

I~ and hilioht current location *1 

hi1i.qh't (); 

I***********~*«**~***********************~**.*************.**************~~* 

***********************~***************************************************1 

{ 

I~ clmar fields *1 
b 1 L'tn k.J i e Ids (i ~ 

i* Print fi&ld choice labels *1 

cPt""intf(Si=t.J'OW, sfl.col, opt_color_fg, opt_.color'_.PQ, 0, "GO")~ 
cpri.n·c f (sfl._ro\'J+1. sfl_col, oot_color _fg, opt._coloj·-· .. bg, 0, "UP") 1 

c:pt~j ntf(sfi. ,~OW, sf;;:. col, ODt. colot~_1::0, oDt_.colol"' .. bq, 0, "F'uT V{lLLr: ,') 
( i)t:ll:" i ~ 

:..-.: ) ~ 

} 

CPt ... in;:.f( sf l_.ro'.'J·" 1 , ;;,2 .. col, ont. .. colo' .... f9. opt. colol~~_bq. 0, "( 

corintf(s'lat.To\'-I+2. stat.col. yt=!l.low. black, 0, "D '\:.0 A tes;t menu. II) 

1* Set curt""ent location *1 
pos.fTlenLI = 5; 
pas. rO\'J _. O~ 

pos.col -:: 1~ 

i* and hiJight current location *1 
hili.qht ()~ 

i************************************************************************** 
Print menu 6 - The test ADC control menu 

***************************************************************************1 
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1* clear fields *1 
blank __ Field'::J (); 

1* Print field choice labels *1 

c:printf(sf1 _rm'l, sf2 _col. opt _color _.fg. opt_color.bg. 0, "READ W)LUE 
~11 ADe") ~ 

]-

1* Print status *1 

1* Set current location *1 
oo·o.ITIQnLl ::: 6~ 
o CIS. t'~O!.'J ::::' 0; 
Dos.col ':: 1~ 

1* and hilighl current location *1 
hilight ()~ 

1****************************************************************~**~****~* 

Print mess,.:\oes to be disolav:Z?d dL!ring testino;:r of adc. 

********************************~****************.****************~***4****i 

.~(·, •• b:.1S'l: •• 1TI3 () • 
{ 

cprint.f(rnsss_I"ol'l+2. nles~"coJ., yel low. t"'ed. (J. II Hit END to stop ti:;?si::. 
~I ) ; 

4 , l..lt~~; • 11)-: 
::;. 

1********************************************************************_***** 
?riMt messages to be displayed during testing of dac. 

*~*************************************************************************1 

!j!" -':est_dac __ rns () 
{ 

cprintf(rness .. .row+2. mess_col. yellol'l, red, 0, " Hit END to stop tE?st. 
" ) ~ 

cpr i nt f (rness.),'pw+::::. mC::'ss .. coJ. • ye 11 01'11 , r"'E?d, 0, II Hit RETiJm~ for morE'? v 
,11u~~';. " ) ~ 

cprinlf(rness.row+~, mess.".c:oJ. • '{ello\'J, red, 0, II Hit PLUS or ~1J NUS to 
,;"j.,iI.I'.;i: • II ) ~ 
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1************************************************************************** 
Print messages to be disnlayed during adjustments 

***************************************************************************1 

{ 

cprintf(rness_t~ol'-l+2, mess_col, vellmJ. I~ed. O. " Hit PLUS or ~1INUS to 
,~d..il.ls·l:. ")~ 

cPI"'intfrfl'less_,"oI!J+::::, nlE.'ss_col. yellow, red, 0, " RETUi':N whl"n ClOnE' E!r.1.iLl 
II ) ~ 

} 

I*********************~********I 
r(~» or utils.c boundpoint K~*I 
/ .. ;:; .. ~·~·*~~* .. i*~"*:,**,:,*.:;r**** .. ~* .. =*-::: .. * .. ~** .. :;r***"~·1 

I******************************************~******************************* 

Color PRint CHARact~r -

Tn j~. f'OU.t i n':: Pt~ i nT-S a cn':';r<?lctet'" cIt <:\ place. I·d 'ci! cd:. i: I' i b!.,.i:.8~i. 
~nd wIth a repeat factor • 

~****~~****~*********************************************************-*****1 

shori colo~.f9. color_bo, cnar_to_print~ 
tnt row. col, Pdge, repeat_factor; 
-( 

} 

1* place the cursor in desired position *1 

cur~et (row, col. page); 

1* u.se interrupt OxlO to print character *1 

inreqs.a>:: = (O~::O'~OO I (O>1.00ff,~ char_to._orint»; 
inregs.b~ = (page « 8) «OxOf & color_bg) « 4) 

inregs.cx - repeat_factor; 
I NT::;!.:. ( O,l<:! O. td nl"fJg s ) ~ 

(color'_'Fg ~-J. O;;<:Of 

i***************************************************************************~ 

I 
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This function will orint th~ string STRING with associateu 
aroum~nts at the location row, col, page and in the color 
specified by color. This works just like printf() 

****************************************************************************1 

•. printf(row,col,colorf.colorb,page,string,al,a2,a3,a4,a5,a6,a7,a8) 

int row.cal,colorf.colorb,pag~; 
l.h.Jot" *::;tJ~inq ~ 

unsian~d al.a2.~3.a4.a5,a6.a'l,a8; 
{ 

chal~ buf[ j ,Xl]; 

sprintf(buf.string.al.n2.a8.a4.a5.a6.a7.a8); 
f Cil" ( i:::O; (b Ll f [ i J) ~";~t. (1 .(1 :~;()) ~ i ++ ) { 

curset(row.~ol+~.paQe); 

'H'j '::;!c i: 1 'i *1 
1 nl~e:;9!:" <:L:{ -. 0::·::0900:. 

I h~i""'~c".:(~r'" *l 

~·I 

~./ 

" J , , 

J nl-·e:;gs. a::< 
li-/ 

:- i ni~POS. ·D.::·:: + 

Jnt~t'ct;:s.c:< = j, 

INT86\Oxl0.&inreos !: 

cur~el(row.col.caac)~ 
{O'\J ::,: urr; ( ,:.1 :t ~ 

(OxOff & buf[iJ); 

1* Call BIOS to ~uL 

/-';.; Colo:~ v~d.Lt~· 

This FunctIon will set th~ video mode to th~ valu~ passed. 

: 11 i: vmod;? (mode) 
int rnod~'~ 
-[ 
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} 

1**************************************************************************** 

",~,jl):'~ (i)i'lg8) 

int p<:~a~': 

This function will ~et the OISPLAY page to the value passed. 

int"I«'o"5KC\';:' .- (J>::(;::(JO~ 
;~, 1 

.::,./ 
I~T86(O~j0.&inreqs ); 

I********************~*~******~******************~****************~***~*****~ 

~his function will set th~ cursor to th~ position row. co:. 
<:Ind P2\C,JE. 

~.II")~S:'·?·~: ~ :.~~)~ .. ..'" t:':Ji"l [).,:;..q .. ..?) 
int ~cw.ccl.p~ga~ 

~" ,I 

) 

i~regs.ax ~ 0x0200= 
inregs.dx - row « 8~ 
inregs.dx - inr~q$.dx + (Oxff ~ col)= 

jnreqs.bx • (~ff & oage~ 
INT86(OxtO.&lnregs ); 

1,';1; Cail 1.1108 to E",O?''.. C\..,j":",OI"' 

i* s~t row number 
1* set col nUlflbt'!I" 

1* Seot p<lge numbC?l"' 

.;;. .... 

-'r</ 

I*********************~************************************-***************** 

Thia function will return the current vid~o mode, an integer 
fl~OlTl 1 to 1~,. 

****************************************************************************1 
:!I-I: getmodeO 
-[ 

1* UsC? BIOS call 15 to get mod~ 
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r'sturn (lnregs •. Cl.:;d ~ 

1* CAL~ O~10 IS the vja~o htuff 
1* an - # of column~ 
1* al ~ current display 
1* bh ~ current display 

'';1.1 

mODE? 
p<.\q~ 

·~·I 
.:;;./ 
*1 

I~**~***********************************************************************~r 

This function will set the foreground color to the value passed. 

*********.:;;.********~******.:;;.t*************************************':;;'****~~*~*~*I 

", ""otll1d (co lor) 
:i.nt color~ 
{ 

lnr~gs.ax = OxOD00~ 

'f. .. 1 

'~'I 
IN186(OxjO,&inreas ); 

)-

1* Call RIDS l~ ~Ll fc 

This ~unction will set the background color to the value pa~se~. 

~******~***********~****************************************~*~*********~***I 

~··,·,,:kqnoj (ccJlor) 
int cclet··; 
-[ 

d >:,-/ 

'I.-I 

color ~I,= O.:·::OF'~ 
lnrc9s.ax = OxOBOO; 

inregs.bx = inreqs.bx + (Oxff & color)~ 

INT86(Ox10.&inreqs ); 

1* Call BIOS to s~l cac~cn 

1* backgnd number = 0 

1* Color numbp.r 

1**************************************************************************** 
Thi~ fUl1ctlon will nut a dot at the X.Y oosition in the color 

soecifieci by COL. 

*a**********~*****************~**********************************.****~****§I 

.1 :', d (jt ( :.; , y, c: q 1 ) 
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I 

int ,<:, y, col ~ 
-:: 

inr~gs.ax - OxOCOO! /* Call BIOS to set backgnd 
-;:/ -inregs.ax = inreqs.ax + (Oxff & col)~ 1* pixel color value * 
1 

1* Y position 

1* X position 

INT86(OxlO.&inreos ): 
} 

I***~*****~*t**********************************************************§*~~** 

This function will out a character at th~ current location of th~ 
cursor on th~ s08cifiec page. 

~~*~§****.**************************************************************~.~I 

\1I,,~chl~ (chI", co lot"', paq8) 
Lnt '.:hi",colot~.paq/;?~ 

" 'c 

'~'I 

;../ 

~./ 

inreQs.~~ ~ inreas.bx + IOxff & paa~): 

1* Call BIOS to put chbr 

1* set. charact(~r' 

/"f. set oaCle ~:j: 

i nl-'eas. c:::.,. = l ~ 1* numbor of times to wrjl~ ch~r 

1*************************************************************************w** 

=~K*************************************************************************1 

1*************************************************************************** 
Thi5 fft cod~ perForms a radix 4 fft. 

x - contains the real valued data 
y - containm the imaginary valued data 
n - is the number of points 
m - is th8 powar to which the radix is raised 

****************************************************************************1 

I 
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rrl:5(;:<,y,n,lTI) 

int n,m; 
d cub 1 E' ~-:;[ ] , Y [ J ; 
{ 

int nl, n2, i, j, k, i1,i2,i:;::~ 

double s, e. c, 57 xt, yt, col.co2.CD3,sil,si2,si3.b,rl.r2,~3,r4.s1.s2,s3,s4 

n2 :-= n~ 

{ 

n 1 ::: n2~ 

n:~ ::: n2/4~ 
E - 6.283185307179586 I nl; 

1:-01~ (.j= 1 '. j (= n2~ ~++) 
( 

b ~. c<. + a~ 

c: .... d + b· . 
1* Twiddle factor calculations *1 

col .• cos(a) , , 
co2 :- cos(b) = 
CfJ:~: - cos (c) = 
:, i J. = sin (a) ~ 
si:2 -- sin(b) ~ 
si::,: _. sin(ci 

for- (i=.j= i. (= n: i += nl) 

1* radix four butterflies *1 

i 1 == i + n2~ 
i2 == i1 + n~~~ 
i :3 .: i2 + n2'~ 

t" 1 = >:;Ei-1J + ~.::[ i2-1 J = 
r:~: = ~<:C i-lJ - ~<Ci2-iJ ; 
s1 == y[ i-1] + y[i2-1J~ 
s:::: == y[i-iJ - yCi2-1J; 

t"\2 -- ~<:C j l-1J + ~di:;::-l J; 
r4 = ::d ii-iJ - ~d i:3-1) L 
s:.";:: = yCu.-lJ + y[ i:;::-l); 
54 = y[il-1) - yCi::;:-l) ; 

~.:;[ i - 1. ] ::: d + t~'7.I. 
~. 

r:;~ .. - r1 - 1~2; 

1~1. -- r'<:: - 54·~ 
r:::r = r":1 .... ' + s4; 
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I-';!: 

} 

yU--l] ::; sl + s:~: ~ 
52 = sl - s·-;:'· ~, 

sl = s:;:: + r4~ 
s:::: = s:3 - 1"'4; 

1* Twiddle Factor multiplications *1 

)([ il-1] == col * r3 
y[il-1] = col * 5.3 
::.:;[ i 2-1 J ::; co2 * r2 
YL12-iJ == co2 * ='~~ 
::<[i:3-1] - co:::: * r1 
V [i::;::-l J =: co:;: * sl 

} 

} 

} 

dmscramble the oroering of the data 

j ~:: 1 ~ 
n1, == n - 1~ 

fClI~ (i:: l. ~ j (= n 1 ~ i ++ ) 
{ 

} 

if (i';': j) 

} 

k = n/4·~ 

>::t 
::::[j-1J 
::<;Ci-l] 

::.::t 
Y[,j-1.J 
vCi-iJ 

-- :::;[j-j J ~ 
-- ::-::[1-1J; 
= >::t~ 
= y[j -1]: 

:::: y[:i.-1J~ 

while «k*3) ( j) 
,r 
'. 

]-

j = j - k*:~:; 
k :: k/4; 

j = j + k~ 

+ sil * s3; 
- si 1 .11- r2:~ 

+ si2 * 52; 
si2 * r2~ + ~i:3 * 51 ; 

- si:::: * r1 ~ 

.';(/ 
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~i'i, ne:. J L.'Oc:: "nlc,th. h" 
"i,IH: lude "colo;", h It 
~iinclllde "stdio.h" 

extern float record_time; 

float data_a[50000],data_b[50000J: 1* 2 
,1·)l.lblf::> ::<:[1(:,3::::4], y[1(:,:':::=:4]~ 
,';1./ 

arrays, each 50 msec of data *1 
1* arrays for 16k point fft: 

1*************************************************************************** 
This routine a110l"s fot~ th.,: Dlotting, manipulation, and triqq(2t~lni.l 

of recieved da~a 

Enter'I"d by choosing Nn~) to SCREEN option fr'om tile data trml':;'fC'!-' 
sec ti on ot: th::? Bc)C<.rd OS 

********.**~**********************************~*****************************1 

int 
;; i ,,) ... '1t 
int 
i. I ',!:, 

in;: 
Fl:,)-.1i: 

pI ot ... ITIodE:', start .. t i me, St.OD., t j nl":' ~ 
lOlN(.;,)r_.y.valLli-::l, LIpper _y .. _valLIE?~ 
c'l1SWel~, i, rlJC)de~ 
col 01'" , stylE:~ 

m.n,offset.siqnal~ 
d8lta ..F~ 

vmodE': ( 1, f:, ) ~ /~:t Irtita,lizE: scr'(?£m to r'1GDE 16 iii 

'; 1:,.H' c .. (: i ITII2 -= 0: 
::;t.::)p_.t.im(~ =:; (I, 

1.IOP!:?f' ,Y ..valu.~ ': ()~ 

lowY~Y"vaiue ~ 0= 
Lj 10'1: .. mod ~~ ::: 1 ~ 

CI.n sl'~':::I~ :::: j: 

whil~(answDr )=0) 
-( 

1* print oDtions and current parm values *1 

LIE) ~ 

lLleh 

corintfC17,22.RED.REJ,PAGE." 
cprintf(17,l,RED,RED.PAGE. "[OJ 
cprintf (1::;:,22. RED, RED. PAGE, II 

corintf(18,1,RED,RED,PAGE."[lJ 
cprintf (1'~1, 22, RED, RED. PAGE, " 
cprintf( H'I, 1, RED. RED. PAGE, "[2] 

codntf(20.22.RED,RED.PAGE, " 
cprintf(20.1.RED.RED,PAGE."C3] 

11 ) ~ 

:Sj:ial~ting time [ i:d J",stiart_.timY)~ 
\I ) ; 

:StoDPinq time [ I.d ]1I,stoo._tirne); 
1/ ) ~ 

:Lowel"" Y value ( 1.4.2f ]",lower._y_val 

II ) = 
; UPDer Y value C 1.4.2f J", LIPpl~r _Y.~ va 

cprintf(~;~j, 1, RED. RED. PAGE, II [4J : Plot AXIS ") = 

C:Dt'intf(17,;~:5.RED.RED.PAGE,"[10J :Get diata in II")~ 
cOt"'intf<1E:, ::::5,F,(:D, RED,F'AGE, "[11] : Gc't data in B"); 
cLJrintf(19.35,RED,RED.PAGE. "[12J :Plot Data A"); 
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cOI~intf(20,:~:5,RED.r\ED,P{:lGE,"[1:;:] :PJot Date:\ B")~ 

corintf' (21, :~::5, RED, RED. PflC3E, "[ 14J : (~Llto fft menu"); 

cprintf ( 17 ~ t.O, RED, F~ED, PAGE, II [20] : Clear screen II); 

cprintf(18,60,RED,RED,PAGE,"[21J :Trans/Recit::ve"); 
cPt~intf(19,75,RED,RED,PAGE," II)~ 

cprintf(19,60,t;:ED,RED,PAGE,II[22J :Plot mode[ 
cprintf(20,bO,RED.RED.PAGE,"[23] ~fft A-)B 
cprintf(21,60,RED,RED,PAGE,U[24J :EXIT 

%d J",plot_mQde)~ 
II ) ; 

II ) ; 

cOI~intf (22,1, RED, RED, PAGE, "En1.:et~ nunlber of action to take ~"); 
scan f ( 11 Xd 11 , ~l.an:;Wc!i~) ; 

cle':\I~ .. ljnl?(24) ~ 

1* perform actlon based on action number entered on Query */ 

5\'.1 i cc:h \ .answt:1r) 
{ 

case 0: 
-[ 

c<3.se 1: 
-[ 

]-

C-:~\5e 2: 
-[ 

eMS!? :~;: 

·r 

} 

• 
cPt~lnti=(22.1.,RELI,RED,PAGE .. "Entet~ StartinQ Tinl€:' 

scanf( "/.d", ~I.stal~t ... tifl'le) ~ 
c h?-:-tr _1 ine (24) : 
bl"eak ~ 

cpr'intf(22, 1,REn,FiED,P;1GE, II Eni.er Stopjn9 Tirue 

SC i:\rl f ( "/.d " " ~I.:' too __ time ) ~ 
cl::?al"_l im?(24); 
breclf:. ~ 

cprintf(22, 1,RED,RED,PAGE,."Entet~ Lower Y value 

scan'F( "i~f", 3t.lower_y.yaluei ~ 
clear._line(24) : 
bl"'eak; 

cprintf (22, 1, RED, RED, P'AGE, "Entet~ Upper' Y value 

sCcln f ( ":~f" , '~'l.LlPpet~_ v.yal Lle) ~ 
cle~,:" _1 ine (24 > ~ 
u,-'eaf::; 

: II ) 

: If ) 

: " ) 
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{ 

cpr'int.i=cn.1.RED,[-(ED.P{iGE, "Ploti..inq AXIS "i; 
styla = O:moc8 = l~colQr = BLUE~ 
a~-::i 5 ( "X -a::d 5" , "l"lAG" , (float) start_t ime, (f) oat) stop _.t inl&!, lower' .. 

y y,'11LIEl, LIPper _y._ va 1 Lie, 1,0, 7'::1, 16, co 1 or) : 

} 

c.-::\se 10: 

} 

ccl.~e 1 j : 
{ 

} 

ccl.se 12: 
{ 

clear _line(24): 
break; 

cPt~intf(22,1,RED,RED,PAGE."Getting NEVJ Data in "A'" "h 

c ], e~t"'. 1 i ne L::~Ll ) ~ 
break: 

corintf{22.l,RED,RED,PAGE,"G::.tting f'~EW Dat.::\ 3n ,'B" ")~ 

cl.ear.line(24) : 
br'Elak: 

s=.canf (/li~j /I, S~color') ~ 

c.l,,?ar .. lin(?(·24) : 
stvlf.~ :0' :l ~ 

mode = 1; 
else 

mode =:2; 

; " ) 

plot (data .. a, star't .. t i me, stop_t ime, styl e. color., mode. lower .. Y • .\fed 
Ut-~, t.IPp~r._y._ val LIe) : 

]-

c.;;.,se i:;:: 
-[ 

br'e-ak; 

cPt~intf (22,1, RED, RED. PAGE, "PI at Data "-B"', what color' 

sc<:\nf ( "r.d /I, 8~co1or): 

clear _1 in€?(24): 
s·/:.yle =- 1: 

if (piot ... nlociG ~:= l) 
mone ::0 1: 

else 

: II ) 
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Dlot(data.~,start_~ime,stop_time,stvle,color.mode.lower~v_val 
I.t:-:', LI!)p~r .• y"_vaILI€! > = . 

} 

{ 

break: 

1* Initialize 8vervthing for auto fft action */ 

vmode( 16); 

cPt~intf(22, 1, RELI. F~ED, PAGE:, "Entet~ stat~ting color:") ~ 
:';c,",nf( "/,d", :::~color) = 
clear, line(2Lj·) ~ 
style ~~. 1 = 

cprinti (22,1, RED, RED, PAGE. "Ente,~ starb nq poi nt: " ) = 
scanf( "i.d" , ~~of1';'set) = 
cleat~.line(:;::4) ; 

cpr'intf(22,l,RED,RED,PAGE,"Entar power for Radix four fit (i. 
:~. Ij.·;::·-!:'vo.,l; 4'~*6 = 40'i/;.:" i; 

s:;co:mf( "r.d"., ~o,(m); 
clear .• line(24); 

n::::: 1 ~ 
fot~ (i:::O~ i{m~ i++) n -l!= 4= 

'l f (D lot.JTloae =::: 1) 
mod.~ = 1. ~ 

EO.L SP. 

mode - 2: 

si~mal = 1; 
styl~ ~ O;color = BLUE; 
.:.\::ds( "FREQUEt\jCY", "MAG", (flo.:.\t)start ... time, (floa't)s:,:,oD. tj1TJ8.1.0W 

:'Jr' _ y .. vall.le, LIPDsr .. y. va 1 ue, 1, <), 79, 16,. co lot~) ; 

I~ Now dc the auto stuff until we desire to Quit «/ 

while (sign~l) 
{ 

trans, r'ec ( ); 

for (j=<), i(1000000; i++} i=i; 1* delay *1 

f'or(i=O; i'(n; i++) -:: ~';[iJ = data_u[i+offset]; yeiJ .• 
() .. O~ }-

fft5 (::<:, y, n, nl) ; 

fOI~ (i=<)~ i<n~ i'H-) 
data.~[i] = sqrl( xCi] « xCi] + y[il * Y[i]): 
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---------------------- ----- -----

color++; if (color X 16 == 0) color++; 

plot (data_b, start_t ime, stop_.t lITle, style. color, mode, 101<1 
I~," _y y;alue, UDper ._y _valLIe); 

". 
.' 

case :::0: 
-[ 

{ 

, '.J I: i on. II ) ; 

{ 

} 

case 2:;:: 

} 

cprintf(22.1.RED,RED,PAGE, "Enter 1 to keep 90inq., 0 t 

scanf! "Xd", 8I.signal); 
clear _1 ine (24); 

c leat~ 1 ine<'2LJ) ~ 
break; 

vrrloci Et ( 1 t, ) ~ 
break; 

1* Initalize screen to '-1OIIE i6 *1 

CDf'intf(22, l.F~ED.RED,F'AGE. "Inibatjon of transmit/recieva ope 

t.t~c':\ns_Tec ( ) ~ 

cleat~ .. .1 ine(:.24) ~ 
bl"8iH: ; 

sc.:mf("Xd".gmlot., mode): 

c:ll~ar.1 ine(24); 
br'eaf:: ~ 

{ 1* Dc fft of soecified A data into B arr~y *1 

corintf(22.1,RED.RED,PAGE,"Enter starting point:"); 
scanf ("Xd ", &offset) ~ 
clli?ar._line(24) ; 

cprintf(22, 1,RED,RED,F'AGE, "Enter pOl'iet"' fot-. Radi~< four fft (i. 
:~. Ij.-l:·*val; 4**t, = 409{:,:"); 

scanf( "Xd", 81,!TI) ~ 
clear _1 i ne C'2<i-) ; 

n=l ; 
for (i=O~ i<m; i++) n .~= 4; 

delta f = 1000000.0 1 n; 
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.f 

]-

} 

]-

case 24: 
{ 

} 

d E'fc.H.ll i.: 
" .~ 

fft5(;'::,Y,n.rn); 

fOI~ (i=O; i<:n; i++) 
data b[iJ = sort( x[iJ * x[iJ + y[iJ * y[iJ); 

clear _line(24); 
br'eak; 

answer' =: "1 ~ 
CLl:?al~.1 ine(24); 
br'eak; 

bre-:ak; 

I***********************~***************************************************ti 
1'.' 

***************************************************************************** 
I 

c JealM 1 ine( rOIN) 
; ~ I i: jMOW ~ 

if«row > 24) I I (row( O»return(O); 
I !:H'i n I: f ( 2.2. 1 • RE:.D 1 RED, P{)GE, " 
II ) ; 

r'etLtrn (0 ) ~ 
J. 

I 
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~;'j nelude "stdio. h" 
ji, i,~Fil1~ PI ~:.l'~ [::,';/:';::65 

:f:i.definE::) TRUE 
~!:dof i n~ FALSE 
:!l·dc1fine ma~(, (.n, b) 
~~,dl:fine abs(~<) 

#define:' sign (a) 

',l:i-'Ut..:t REGS { 
shor~t <.:'.::-(! 

~;hort f 1 r.t,.J~; ~ 
::;hoJ~t. b::,:: 
-5/;::Jrt c::-!' ~ 
shor't. d~<'~ 
ShCH""\t si ~ 
sr,oJ~t 0 j ~ 

::;hort as: 
shot~t. es: 

} il1reqs~ 

1 
o 

«a»(b) )7(a): (b} 
( (~d (07 ( "" (x) ) : Ld ) 

( (a) >07:(: ( (a) ==070: (- 1 ) ) ) 

I************************~~***************************~~********************* 
:~~**~********************************************************************** 

~. 

::;. 

,::;. 

.~ 

* 

* Method 
;:(. 

* 
* l{. 

* Ret.urns 

* * Version 

* 

~rlin~ -- Draw a colored line 

npts = grline(pstart.P8nd.color)~ 
int nnts 
P":" *pS1.:'::1rt 
F·r *oC'!nri 
int colo~~ 

The numb!:r of point.s plo·~.te:''d is r'E'~tw'nE:d 
Point~r to ~tartinq point of line 
Pointer to 9noino point of line 
Color' of th8 1 i.ne~ chosen froln .; i18 

currently set PGlette. 

lhis functIon draws u Jin~ on th~ curr~nt djsola~ D~Q~ 
from *pstart to *cend usino the specified color. rh~ 
actual number of points plotted to draw the line j& 

returned. If *ostart and *pend repres@nt the same 
locatIon, only one point is clotted. 

The variables x ana y keeo count of when the tracino 
point coordinates whould be incremented. The variable 
fplot is us~d as a flag when a new point is plotted. 
The same point is not plotted twice, becduse d color 
value Qreater than 128 should XOR the current point. 

npts Numotir of points plotted to trace th~ line 

8.0 (C)CopyriQht Blaise Computing Inc. 

****************************************************************~***********I 

,nt: qr'lln(~(::::tJ, yo, ::::m. VffI, colo:"') 
int :":0. yo. ::'::111. vm; 
Lr',':: cc:loi"~ 
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} 

int deltax.deltay.st8Ps.i; 
int inc>~, incy, :.::, y, fplor., n!l1~s~ 
int ~<~-::"i yy; 

1* First set up the increments and determine how many points must *1 
1* bE plotted to trace the line. *1 

del t<:\~<: = ~<ITI->;:O % 

deltay = ylri-YO~ 
inc:": = abs (del ta::<) ~ 
incy = abs (dl~l t.'av) e 
steps '" rtlC\;:':: ( 1 n c >:: • incy) ~ 

1* Initia]i7s the countino varIable, plot the first point anti 
I *' trace the rest of th·? 11 ne. *1 

::< = O~ 
Y =: 0, 

Y'i -- yo~ 

npts = 1; 
wtdotexu.yo.color)= 

for (i = 0= i {= ::;teps= i++) 
{ 

fp lot. :. FI~LSE; 
>:: +-= inc::<~ 

Y +== incy; 
if (y .> Sb.::?LjS) 
{ 

} 

v -::;;. Si.:E'PS~ 

yy ~~ sign(deltaY); 
fo lot =" TRUE~ 

i of (::< .,:' steo:;) 
-:: 

} 

>:: -::: steps; 
xx += sign(cieltax~; 
fnlot. :::: "t'RUE; 

if' (fplot) 

} 

wtdot (::<:::::, YY. color'); 
np'cs++; 

1* Only plot if a new point 

I*********************ti********************_********************************* 
I 
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;: ,",,: L.t,j,-? "~td io .. rl" 

#define JUST_RIGHT 1 
1!dt·,fine JUST _LEFT :2 
#define JUS,' CENTER 3 

Ult: XO,YO,X"1,Y"1~ 
float XINC.YINC,XRANGE.YRANGE~ 
float maxed().mined(); 
floal YOFFS~T.YMAX.YMIN= 

TICS 10 

Hdefin2 
:;-d,:?f,ine 
HdE.::fine 
::, i,·, Fi.ne 

VIDEO PAGE 
., rrx;:':' -r"'X._1-1 

r .. L.b LC 

Y."PIXEL .. SIZE 
TIC .LENGTH 
Y_AXJS_TITLE_BLOCK.~!ZE 3 
X .AXrS._fITLE .. BLOCl< .. SIZ::: 1 

(I 

14 

/.>;< USE THES::: ONt. Y J F YOU WPINT CONTROL 
i fit xO. YO, xr·1. Yt·'i; 

GF THE GLOABAL VARIA8LES 

e::·::tern 
, ',!-::'i ::.::r~n 

e:·<tet-·n 
;{./ 

float XINC,YINC,XRANGE,YRANGE: 
float points[501]~ 
float YOFFSET.YM0X.YMIN: 

/*****~*~*-';i.*************.*******.*******.****************************~***~*** 
'.~*~~**********************************************************************~ 

AXIS(XTJTLE,YTITLE.XMIN.XMAX,YMIN,YMAX.XORIG,YORIG.XMAX.YMAX,COLOR) 

0.::' .i,'': is a. Function that wi i I orint an AXIS at the oosi tion de"3ignoted :.v 
the row and column number5 XDRIG,YORIG (uPDer left row/column) and XMAK.YMAi 
(l,:n·.J,-'?r' ri'iht row/column). Thf.':! row/colLlfrln is in CHARACTER format, in othet~ 
words, 1 < COL < 80, anti 1 ( ROW < 25 (this is from 80 characters across. And 
';-;5 lInes of te:>::ti. 

YTITLE chat~ array . title of Y axis. . 
xnTL.E char' array : title of X c:,,,\::f i 'S .. 

Xt'lAX float number printed on X a::-ds f~ .. r' RIGHT 
:<llIN float nLllTlber orinted on X a::<is fat~ LEFr 
nl()X float number printed on Y Axis at TOP 
,'j"1II\! float number printed on Y A~ds al: BOTTot'l 
XORIG int Upper' right COLUMN value <1-79) 
Yr')~~TG int.: Uoper right ROW value (1-24) 
XMAX int". Bottom left COLUMN value (1-79) 
At'1IN int Bottom left ROW value (1-24) 
COLOR int Valid COLOR from 0 to 15 

nx[s does not return anythin~ and orovides no checking to see if the corr~ct 
values were passed. BE CAREFUL !! 

::::< j:)t,W'U:: : 
::-~C1 = :t 
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Yu '. 1 first rmoJ 
~<;III - 79 last coi Llrlln 
yo ~ 12 half way down the screen 

e~<:ample a~d s ( II X tit 1 e", II Y tit 1 e", -10. 0, 1 I). (I, -100. 0, O. I), xo, yo, ,<m, yltl, BLUE) 

***************************************~************************************1 

. '.:.d. <; (::<t 1 tIe, vt i i.: 1 Ii:?, ::-::rn in, ::·':rna:,·::. vrn in, yrna~ ... :. ;:"0, yo, xm, YITI, co 1 ) 
f 108 t. ::<£11 in, ::;:ma.;:'::. VTn in" yrn",,::{ ~ 
: 111: ::·::0, VO, ::-O:Tn., vm. col ~ 

::::i:.j t lE~ J, vt.i tlc:>t J!~ 
-[ 

i nt i. ::·::oe 1 , vde 1 ~ 
J71'-Jra'c >::inc, y:i,lll:~ 
char cflOJ,strinq[80J, 

;:'::0 ;::: ::<0 * 
'I .\ , PIXEL !..; ( 71;: ~ 

::>.:0'1 :- ~<m * X FIXEL _,SIZt::: _. 
yn - yo ~.fo Y F'IXEI_ ,8 I ZE 1 

VITI -. VITI .;1- Y PIXEL _81 ZE~ _. 

'* ~~i:uD GLOBAL variabl~s *1 

XCI ::: >::0+ ('( (\Xj8.'j ITLE.,Bl.IJCI';:.,SIZE*X_F·IXEL_SIZE)+:::'~ !"" le"'l\! 
:. ·;p·.1ct-: flJt~ oni~ ch.:<.racter .j- 2 *1 

YO •. vo~ 
I. t1 '': ':.:: IT! ~ 

Yi'1 =- ynl- (X_AXIS. TITLE_.bLOC!:::, 51 ZE.*Y, PI XEL, SIZE) -2: 1* ) eave 500'lC(,' fo!'"' '..:I·m 
t'~·~' . .'\I·".:Jct8r"'r..; +.2 .:;.. .. / 

i* Prjnt the X and Y titles ~I 

cpr-int f ( (vrIl/Y_ PI XEL,.,SI ZE- X, .;:1 X IS_.TITLE_ ,8LOCK_,SI2.E) -1, XO/X]'I XEL,SI7.E+l, ct.:! 
1,t,l),string)~ 1* XTITLE PRINTED *1 

stp,iLlst (str'i nq, yt i t Ie:;, ,,' ... , ( (Yi'lIY J'I XEL_SI ZE-2) - (YO/Y J'I XEL __ SI ZE+2) ) , JUSl 
I ";':i\ITFR) • 

•• '<.' ~ [d ::: 0; 1* YTITLE PRJ NTED */ 
for(i=O;(i« «Yi·I/Y_PIXEL.SIZE-l)-,<YO/Y]'IXEL_SIZE+2» ) 8,,& (strinqCiJ 

=0) ) ~ i ++) -[ 
c[OJ = string[iJ~ 
cprintf ( (vo/Y.F I XEl._ 81 ZE+ i +1) ,,}<o/X_P I XEL_.SI7E+2. col, 1., (I, c) ~ 

} 

/''* Print. the X <.~nd Y rlli;l::·::/min ValLI(~S *1 
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e:pf'ini. f( (vn-,lY _FIXEL_.SI ZE-X_AX IS_JITLE_BUJCt;~_.SI ZE) -1, XO/XJ"I XEL .. SI ZE., col. 
cJjl, VIDEO ,PAGE, "1.6. 2f", ~<rnin i: 

e:pr i nt f ( (yrn/Y _'pI XEL __ S I Zt=:- X_AX 15_ T ITLE_.BLOCK_.SI ZE) -1, (XM/X_P I XEL __ SIZE-6) • 
l:lJl, col, VIDEO_PAGE. "%6. 2f". >(rna::-::) ~ . 

e:Pt~intf( (yo/Y_.FI XEL_SIZE) -1, ::<:o/X . .F'IXEL_SrZE+L, col, e:ol, VIDEO.PAGE. "1.2. :if" 
I /fflr:\~-::) ; 

e:pr int f ( ( Yl'l/Y _.p I XEL .. SI ZE) -1. ::<:o/X_F' I XEL_ sr ZE+ . , e:ol , e:ol, VIDED_PAGE, "'1.2. if 01 

,Ylrrin); 

1* Draw BOXES *1 

grline(XD.YO.XM.YO,col): 
grline(XM.YO.XM,YM.e:ol): 

1* BOX FO~ GRAPH ••• */ 

OI~J. in!? <tN. '(i'i. XO. Yi'1. e:ol ): 
orlln~(XO.YM.XO.YO.c~l); 

arline(xo-?,Yo.XO-l.Vo.e:ol)= 
Qrline(XO-i,vo.XO-l.YM.e:ol); 
arlin!?(XO-l,YM.xo-2,YM.e:ol); 
qrlin~(xo-2.YM.xa-2.va.e:cl)~ 

1* BOX LEFT OF GRf~PH *,' 

grline(xc-2.YM+l.XM.YM+1.e:cl)1 

arline(XM,YM+1,XM.ym+1.e:ol): 
~rline(XM.ym+l,xo-2.ym+l,col); 
or 1 i ne (::';:0-2, yn,+ 1.:'::0-2. )'r-1+ 1. e:o 1 ) = 

!~ Draw th~ TICK MARKS on all axises *1 

1* BOX ON BOTTOM OF GRAP~ 

vine: = (YM-¥O)/CTICS*1.0); 
fJjr'l~l;i<=TICS;i++) { 

ydel :.. i*vj.nc ·1 YO= 

1* LEFT TICK MARKS 

ClI'·l in t: ( XO. de 1 . XO+'i I C ... LEi·-.jGTH. yd~': .• co 1 ;, ~ 
;. 

::< i ne: == \ X£"l- XO) / (TI CS* 1. (1) ~ 1* 10F' TI Cf::: (1ARKS *1 
FQt'(i=t~i<=TICS:l++) -[ 

xdel - i*~ine: + XO: 
qrl ine(::::del. Yl'1. >::del. YM-TIC_LENGTH, col); 

]. 

vine: =: (YM-YO)/(TJCS*1.0)~ 1* RIGHT TICK MARKS */ 
for(i=l;i<=TICS;i++) { 

ydel = i*yine: + YO; 
al~ 1 ins (Xl'l. ydel. Xl'l-TIC_LENGTl-I. ydel. e:ol h 

} 

xine: = (XM-XO)/CTIC5*1.0); 1* BOTTOM TICK MARKS 
for(i=1;i<=TICS;i++) ( 

xdel = i*xine: + XO~ 
grl ine (::'::del, YO. ;:·::del. YO+TIC_.LENGTH, col ) ~ 

} 
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} 

I*********************************************~****************************** 
/ 

/**************~************************************************************* 
I 

~loat maxed(data,pstart,pstop) 
Fl",at dat<..,[J; 
int pstart.DstoP; 
{ 

int i~ 
~loat temp; 

} 

temo ::::" data[ostartJt 
ro~(i~ostdrt=i<=Dstco=i'r+) t 

if(t~ITI[' -::: da.t~\[i])t.E?rIlP ::::" dai..a[iJ~ 
]-

float mined(daia,psi..arl.ostop) 
,:1.I)ac data[J~ 
int Dstart.,pstoo_ 

i nt. i = 
-float i..emp~ 

} 

teme ~ dataCpstarlJ= 
r0r(i~pstart=i<:D5tQP~i++) { 

i·F <t.E·IIIP :> da.i..a[i J ) tefliD ::.; do:~t<\[ i ] = 
]. 

I***********************~*****~*************~***************************~***~ 
I 
/*********************~********************~********************************* 

1:1 .OT ([t(lTA, XSTrlF:T, XSTOP. STYLE. COL.OR, MODE. YSTART. YSTOP) 

* RETURNS::> 1 jf succEssful 
o if unsuccessFul 

Plot will olot the d~ta in the array DATA starting from the XSTART point and 
:-:;1dif11~ rm the XSTOF' that wl:':!re passed. Thl'? Style variable selects one of the 
followinq styles: 

stype .. (I _ Not~mal lines with out zer"o c!'"'css lines 
style -= 1 ~Normal lines with zero CrOss lines 
style - 2 ~ Po ints only 
:;l:yle - ::;: ;DQ.shed lines 
style :::: 1]. ~ Srn~ll bo~(es ;2 pi>::els wide::! 
c;tvl~: -:: ::' ; t'lel.] i f[lLlIfl bo.:·::es 4 p i;:·::e 1 s \l-Jid~ 
style -. 6 ~ LW"ue !;;o;:·::es I~, p i ~::e],s wjde 
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"! Ci')UJR p<-v..:~:""d i s th~ co"t '..)r th2.i: .i. s us·::d tQ pI o'c the dL\t~. Th8 j'I,.::!DE 
vRriable selacts on~ 8i the following plot moces: 

mode = 1 

nlode:.- = 2 

;nuto scale data to fit the graph. 
2nd igfiOI~ the:> p.:\sSE'd ystar·t, and 

ystop variables. 
=U~e the:> ystop and y.tart variabJes to 

betermin plotting scale. 

The YSTART and YSTOP variables are used only when in MODE 2 of the plottina. 
'n )-lOD:::2 case. i.:hey 1·~·,~LJres':.'nt the t1I1"/l'lAX of th,~ Y plottinq a::ds. Th .. ~:; L: 
not tt1€:1 S;\illE" <:IS thP AXIS vari&ble. 

NOTE, lnjs Function c<:In be in MODE 
".' ,.!r~ i r.:\~:1 ;. :-:'5" 

/ 

o l';:Jt (dr.~t<:l. :.::,t.€\I··J~ " ;::stc:m. ~,t y] f. cc~ 1. OJ'. modt::. YEtart. YStOD ) 
j7 1,).;,Jt,: tj,;.;t:i;( j. \/si· . ..:.1.r l: .. ysi:op ~ 
j rlt ;:":':5t2i1~t, ::::Si...O[· . co 101". nloce, st. 'Ii 1. e' ~ 
". 
int i . .!,t.E"·rrlo~ 
f] o <-I i.. V ...• lL'.ni .. (joj nt~,. >:: •. n~!:·II .. poini...;:;~ 
;: 1. I :I.~\:: '1m 1 n. Vfr, .:'.:::: ~ 
j nt:<1. '. V 1. . >::2 v'.2 ~ 

!'F:,,"tNC.E ::: X~1-XSI .. 
Yi<t=lNC:;,:; ::. Yt'l-Yf]: 

i. f([lIoo<2 ,,::. i) { 

'/ff/.D.·,'· " .. ITi<:l.;:,,!=d (ci'3ti:.1. >(si:art. >(str.;·!:j;' ~ 

vmin ~ mjn~d(data.xstDrt.xstoP)t 

1* Aosolute Scalp *! 

y .. n l.lffl . .oc)int·,5 :: YITI.;.,::·::-yrnin ~ 
'fINC :::. YF''!1NGEhi_,r''_\fll_'poinT.'S~ 

Yt1flX "' ·'/ITI<.'.":~ 
Y~lJN = y'nin~ 
YOFFSET = - YING ~ YMIN= 

1* ~rint th~ corss hair3 fer the zero line~ *1 

l. F ( E t .,.. J. ~ ::-:.: 1 i { 

1.:t~ln;~ " \ Yt1 - '( OFF~3i=:' T ) 1 
C,l '1 i n C'C'! .: Xu. t. E mo. Xt'l, ;.: ,"'ITIO • C C) 1 ()I~ ) ~ 
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'. J 

1* PLOT THE WAVE FOnM .:;i:/ 

;. 

,' .... :-,:. '.-r ~ .... 

'* 

:,<1 = XO; 
yl =- (Yi'1 -' YINC * dC:\i:..<:,b:stc\l~tJ) - YOFFSET~ 

..i == 0, 
len~ ~ YM-YOFFSET~ 
For(i~xslart;i<~xstoP!i+~1 t 

>:'.,: :'. XO + .5 -fH~' x I NC ~ 
y2 = temo - YINC*data[iJ: 
arlin8(xj.Yl.x2,y2_c~]or)~ 
~:: 1 -.:::·::2 ~ 

.~ NacHe stpj~st -- Justifv 2 strinq withir a field 
:::. 

~. 

~ . 
• :1 

".:i. lJesc r·). D 1. i on 

0)(. 

it 

* 
~. 

·11 

* 

* 

preSL]t : slpjust(ptaraet.psourcD,fiJl.f]dzize.ccde)~ 

c:h.::l.1~ '*pr",::su 1 t 
ch·i:3.r· -l;~r,):: ::\I'~get 

r:har '*OSOl.lf'C:'? 
eh,,;r"' ·Fi] J. 
in c fldsi 2;2 

in1.. ::0012 

r'oif1t~r' to th~' re~,ultinq tax'qet <;:.t,r-jr-,c· 
Fainter to the te.I·"'q~t sl:rinq~ !'!:11,:::n II,L,.·::. 

bo at least (fldsize ~ I) bytes lana. 
Pointer to ~he scurC8 strin~ 
GtliM"'C:lctel'" to b8 Llsej fot~ Gadd i 110 

51ze o~ fleld to be filleJ 
Type of justification: 

JL!ST. _LEFT. \-iUST __ CEf\!:-::::r-:, or' ,_IUST .. R I I]f I r • 

Thi~, functioc, ,jl.lE.tifies 01'" c2ntet~S C:\ stt-'inq ~oJi.tilln ,,\ 
field of a specified size. Dadoing with a qiven 
character if necessary_ The resultinq string is exactly 
fldsize charact~rs lona. 

I f the 'ir,OLlr'Ce stt~inq has mOt~e than fldsi ze charm:ter·~. 
it is trw,ca'ted to fi t into th8 target. Characters ft-'"Jm 
th8 left, center, or right portion of the source are 
ueed deo8nding on whether left. center, or right 
jusli.fication is s08cifi~d. resoectivelv. 

If the sourc~ string is fewer than fldsiz~ byt~s long 
(not counting the trailing NUL C"'\(Y», th2 remaining 
space is filled with the fill character. If left 
justification is specifiad. the filling takas place en 
tnc-? y·jqht; if I"'jqht .justification, on the left~ if 
centering, on both sid~s. 

If cede has ~n u~known value, left jU5tificat~on is 
o(~I"fot 'Ined. 
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.)1 

·ii· f,!=tLli"ns Ot"'£:'suJ t 
-!:'p !:ar\]et 

Point.c=t·· i.:J the ali..e,"'ed tC:I''''qet str'ina. 
The altered targdt string. 

* '* \/C:!t·,s i on 3.0 (C)COpyri9ht Blaise Computing Inc. 1986 

* 
-ll"::!-I 

stpjust(ptarqet.psource,fiJl,fldsize.code) 
.. ··")1.1i<;ter ch,3r *ptdrgei:, ~'psource~ 
chat... Fi 11 ~ 

{ 

reai£,t.C';f' int dj {:f, i~ 
tnt numl~Ft: 
Ll,at'" '~savt.:t.a''''Ciet .. ptar'aet! 

i1: (fldslZ'.':? ,:" 0) 
fJd-::,jZE' ::. O! 

if (Cdiff = «jnt) strlen(psourca» - fldsize) >= 0) 
t 1* Usa only a oortion of source 

E1S&,1 

-[ 

Sh'jtch (code) 
{ 

} 

case ...JUCT.IaGl-iT: 
p source? +"" d i i f ~ 

bt"'eak ~ 
cas~ JUST.~ENTER: 

pGource ~~ diff I 2~ 

bt"'2c:\k ~ 
CC:l.SC? JUST .. LEF'l : 

w~il~ Cf!dsi=e--) 
~ptaroel~~ = *csource+~= 

1* Skip leftmost characters 

1* Use center characters 

1* Use leftnlost charactel"'~. 

1* Th~re'g extra soac~ to fill 
difi': ... ·-diff:~ 

siwi-Lc:h (code) 
1* aiff is number of so aces to fill 

} 

1·';1: nurtlleft = number of soaces on left 
,::ast? JUs'r .RIGHT: 

nLlmle·ft := d i ff~ 
br8C1,k; 

c <:\ SE-' JUS T _CENTER: 
numleft ' diFf 1 2; 
br'eak ~ 

c:asp. .JUST,_,LEFT: 
default. : 

nLllflle'Ft ::: 0; 
bre<1l,k~ 

fQI~ (i =- nUlTIla1:'t; i! i--) 

·>.1 

*Dtaroet++ = fill: 1* Add the fill chars on lhe lefl *1 
wh i 1 ~ (*psaLlrc:r.?) 

-llDtaro~t++ ~ *pscurce++~ 1* CODY the str5ng itself *1 
few (1 = diFf .. f1LlrTIl:::>ft: i: i--) 

'~oi..::,r'cl(;:l++ 0" fi1l.~ /"A Add trIG" fill c:hC:lrs an the riohi.. 1<1 

*/ 
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} 

} 

olIptarqet = .. ' \;)" ~ 

return sav~tdrget~ 

c] ei:\r 1 i ne (rOl'~) 
il,'I: t~oW; 
{ 

cprintfirow,j,O,(J,o," 
" ) ~ 
retLtl~n (0) ; 
;. 




