Computer Data Acquisition and I/O Display System by Jerry E. Bayles





(Last revision: 02-15-99)





Overview:





Note: this program is recommended for MS-DOS operating systems. Operation in a Windows environment may cause the program to become unstable. 





This document is an introduction and instruction manual that will be updated as frequently as time permits so as to allow for persons interested in building their own computer data acquisition and control display interface device to do so. The accompanying GIF schematics are hand drawn. At a later date they may be put into CAD form either by myself or other person who is willing to invest the additional time and effort. Included are a few pictures of the setup that I have interfaced to my own computer.





The circuits as drawn are tested and form the prototype system. As such, they are still mounted on  integrated circuit prototyping boards. This allows for new ideas to be tested rapidly should it be necessary to add or subtract from what is now developed. This is a project for technically capable people, both in the hardware and software sense. It is not beyond the capability of the weekend experimenter who has a good grasp of electronic fundamentals. I will also avail myself to questions from those who decide to build and use this interface and I hope that the interface may even be adapted to a broader scheme by those who need to do so. The capabilities are almost endless, only limited by one's creative imagination.





The basic scheme I use at present utilizes the parallel printer port for both input and output. This allows for fast data transfer and a simple I/O buffer interface. The software is in Turbo Pascal version 7.0 for DOS which means that if you want to change the included source file you will need to have the program. The last time I contacted Borland to order this software, the number was 1-800-331-0877. I have included an executable version DSCOPE_9.EXE which runs as stand alone.





Basically, the system provides for a d.v.m. readout on screen in the lower left hand corner as well as a graphics oscilloscope type screen that has software variable x and y gains. The analog signal is converted by an analog to digital 8-bit converter and buffered back to the computer as input data. Provision for saving the screen is also available. A balance-beam approach is utilized to detect any force-unbalance to field interaction with the Earth's gravitational field. This is detected with a proximity detector located under the pan of one of the balance arm extensions. A swept frequency is available which is controlled by the program through 8-bit output code directly to a digital to analog converter which then controls a sweep frequency oscillator. The system is in loop-sync through the program and hardware feedback. This makes the display linear and accurate.





The basic swept frequency range is 20 Hz to 20 KHz continuous. This has divider outputs of divide by 10, 100, and 1000 to provide for lower frequency swept frequency analysis. The data that controls the six phase control output capability is first loaded into an external parallel shift register six bits wide and six bits deep. Once loaded,  the data is recycled by the data register clock coming from the swept frequency generator. This guarantees that the phases will remain fixed in the degree of separation as well as synched accurately to the clock. The clock is a clock separate from the computer and is available in the external hardware. In the beginning, the computer also provides a six-step clock for data loading purposes only via the parallel output port and every time different data is reloaded or at the end of every sweep. If a higher frequency sweep rate is desired, an external square-wave oscillator (0-5v) may be connected and the upper limit data register speed is about 50 MHz.





The output of the shift register feeds MOSFET power switching transistors via 2N2222A interface transistors. The output MOSFET's can be used to drive coils, flyback coils, Tesla coil primaries, or even stepper motors.





The experimental coils that are being switched in sequence are mounted on the balance beam. If high voltages with large switching spikes are anticipated, then the balance beam must be located at a safe distance from the electronic control and especially the computer. Also, opto-isolation is recommended if high voltages or large switching spikes are anticipated. A low voltage test device with a highly sensitive detector is recommended since it is safer than a high-voltage setup to begin with. A constant current limited 0.5 amp for each output circuit is available from the power supply.





To begin with, I utilized a book "Build Your Own Low Cost Data Acquisition and Display Devices", by Jeffery Hirst Johnson. (TAB books, division of McGraw-Hill, Inc.)  I highly recommend his book. I made many changes in his basic code examples and most of the hardware examples also. However, anyone using my schematics will find it useful to first study his book and perhaps design their own offshoot circuits as a result. As built, the hardware and software are interrelated and one will not work without the other.





I intend to go into each page and IC function in detail as time allows. Therefore this instruction will likely be updated several times. Also, I hope for user feedback as this will also influence the final instructions over the long haul.








Hardware Logic





Power, Data Input and Control Input From The Computer:





The power supply on schematic page (1) is the source for all of the external hardware logic power including the three constant current output current sources. The +8 and - 8v d.c. power supplies are provided by LM317T adjustable regulators set for a nominal 8v at their outputs by R2a and R2b. Three 7805 regulators provide 0.5 ADC constant current to the output MOSFET switch circuits, page (10). To keep the regulators from being overheated by inadvertently being unloaded, a current bypass circuit is connected to the outputs of each constant current regulator. This insures that a load will always be present on the constant current supplies. The nominal voltage across the loads will be 5v d.c. as a result. The much lower active load switching impedance will then take the 0.5 ADC current as needed. Finally, a 5v d.c. supply is provided by an additional 7805 fixed regulator to supply the digital logic of the TTL i. c.'s. 





The +8v and -8v dc power supplies should be adjusted for their nominally rated + and - 8v before connecting the supply to the logic circuitry. Also, each should be tested under load for ripple and proper regulation including the three 0.5 Adc constant current sources and the fixed +5 v supply.





when power is initially applied, a master reset occurs via the power-up reset on page six. (Also labeled page 3/E.) This is in the lower left part of the page near IC9, 74HCT74(1)/B, Master load flip-flop. This provides a reset to IC9,  When IC9 is reset, data is ready to be loaded into IC2, the octal D F.F. on page 9, also labeled as 3/H. Data is clocked through IC2 by asynchronous clocks from IC7 at a 12.94 kHz rate if pin 9 on IC19 is high via the circled connection labeled as (F) which then goes back to IC21 on page 8. This occurs if the Run F.F., (IC21) page 8, is in the normal mode, that is, in a reset condition. Note that all inputs of IC2 & IC1 are pulled up to +5v through 1k ohm resistors. (IC1 & IC2 data inputs D0 through D7 are in parallel and IC1 is also an "octal D" flip-flop, which is a  type 74HCT273N  I.C.) IC1 is "off" when IC2 is "on". This is controlled by IC19. This insures that the data loading into the output control registers on page 10 is separate from the data that actually controls the swept frequency generator IC8 on page 6. Data loading into the output register occurs before the control data for the swept frequency generator occurs.





There is a master load clock coming from the computer designated D7 which now clocks data into the output control register. This is passed through IC2  (See page 9) to IC14 (page 2 & 3) which is a hex buffer inverter 74HCT04. Preceding this clock sequence, D6 clears the output control registers, preparing the registers to receive the data. The data is clocked into the control registers R1-R6 (page 4) in a data pattern 6 bits wide until a total of 6 sets of data are loaded. (The data is in hexadecimal code ranging from  $00 to $3F.) 





Meanwhile, back on page 6, IC10, a decade counter MC14017,  counts the clocks until the 6th. clock pulse occurs. When the first clock occurs, the Master Load F.F. IC9 toggles and the outputs change state. This releases the decade counter IC10 to allow it to count the clocks. Then (G) and (H) also change state which controls IC20 (analog data switch CD4066) on page 8. This gates the phase 2 clocks from IC14, pin 6, page 3, through to IC16, the 74HCT04 buffer inverters and then to IC24, the clock driver 555 pulse shaper/driver for the output registers. On the sixth data clock, the decade counter IC10 on page 6 outputs end of sequence pulse via pin 6 to IC17 buffer inverters which not only resets the Master Load F.F. IC9 but outputs a reset via (L) to page 8 Reset F.F. IC22. This F.F. then outputs a pulse to IC21 which causes IC21,  a D type F.F.,  (74HCT74, section B), outputs to change state.  Then (K) on the output of said F.F. releases IC23, (555 type pulse clocking generator),  to start up at about 3.46 Hz. (This could be speeded up if desired for faster loading of data by decreasing the value of C08, the 0.22 uF capacitor.) 





Now the decade counter IC25 counts these slow cycles which are now also switched through IC26 data selector which is still in the normal mode. This insures that the data is slowly cycled once completely through the registers to avoid transients that cause false data to be output once the swept generator mode is initiated. On the 6th. slow clock, IC25 outputs a reset pulse to IC16, the 74HCT04 inverter buffers also on page 8. This toggles IC21 (74HCT74(2)/A) and causes its outputs to change state. IC26 data switch now routes the swept frequency clocks from IC16 to IC20 and up through IC16 and IC24 to clock the output control register in the swept frequency mode. It should be noted that when the Master Load F.F. was reset above, its outputs (G) and (H) caused IC20 to switch and start taking data from IC26 on page 8 instead of IC14 pin 6 on page 3. 





The Run  F.- F. IC21 stays toggled until a master reset occurs  from IC6, page 6, which occurs when the sweep ramp from the DAC output (Z) via IC4 on page 9  reaches a maximum point that triggers the 555 monostable generator to output its master reset pulse. This resets all circuitry to a power-up condition. The entire procedure is started over again by the computer program. It should also be noted that the computer program ultimately controls the starting and reset functions and the program and external hardware depend on each other to work together as a unified logical system.





Once the Run F. F. IC21 has been toggled (see above paragraph), the sweep frequency input data from the computer is now switched through IC1 on page 9 while the data register loading octal D  F. F. IC2 is inhibited, also by IC19 which is fed by (J) back to IC21. The hexadecimal data range is now $00 to $FF which allows for a 0-255 total bit range. When the sweep input data rises above $FC, the DAC output causes a sensing circuit to trigger a master reset via IC4, IC5, and IC6. The master reset from IC6 can be software initiated from the computer at any time by forcing the sweep data above $FC. Again, once the master reset occurs, the system begins at the beginning with a complete data reload automatically from the data set into the program by the operator or by the default data on startup. The actual data entry will be covered later in the calibration section. 





While the system is in the swept frequency mode, output (I) from the Run Control F.F. IC21 is used as a run normal monitoring signal (high = run mode) that is fed back to the computer via IC18 & IC14 on page 7. If this signal is absent, (Such as forgetting to connect the interconnect cable to the computer, a power supply problem, etc.), or run logic is in the wrong state, (low), the program will halt and indicate that a system hardware fault exists. 





IC11, IC12, and IC13 form a divide by 10, 100, and 1000 divider respectively. The outputs of these dividers may be connected to the input of IC16, pin 9 on page 8. This input may also be driven by a 0 to 5v square wave from near 0 Hz to perhaps as high as a 50 MHz source. This would be a very fast register switching signal. Note that the individual data rates of each register output if repeating a sequence twice of 3 outputs would be 50 MHz divided by 3 = 16.66 MHz. 





The decade dividers should have .001 uF transient bypass capacitors across the I.C. power supply input pins. This applies to the decade counters IC10 and IC25 also. If any of the flip-flops or fast changing state I.C.'s have long power buss leads, they should also have their power input leads bypassed.





Output Control Shift Register





Now that the data has been loaded into the output control shift registers (page 4) and cycled through once by the six-count slow clock, (IC23 page 8), the data circulates through the registers via the D7 clock source at the D7 clock rate. Note the isolation diodes at the inputs to register R1. These isolate the input lines which are held at 0 volts during the data recycling mode. The output of register R6 feeds back to register R1 through 470 ohm isolation resistors for transient suppression. These resistors may be adjusted in value for optimum transient suppression at the fastest rated register clocking speed.





The output of the control registers is taken off at register R6 and fed to the 2N2222A interface transistors on page 2. The as-built uses the input resistor-capacitor combination as shown connected to the 2N2222A's at the top of the schematic. This scheme allows for a steady-state on or off condition of the 2N2222A's  through the inline base bias resistors. The outputs (collectors) of the 2N2222A's feed the respective gates of the IFR510 power MOSFETS on page 10. (Radio Shack P.N. 276-2072A.) These devices are rated at !00 v drain-source at a continuous 4.0 amps. These are shown connected for the as-built configuration but may be reconnected to provide six individual outputs instead of the H bridge as shown. 





The H-bridge configuration allows for the current to be reversed in the loads. The as-built also has protective diodes across each load connection for transient protection if inductive loads are being switched. Normally, the loads are of very low impedance so the diodes may be ordinary power diodes but may also be transient suppression type diodes if higher drive voltage is necessary in the main part of the load driving pulse. There are 3 H-bridge circuits to allow for current reversal to three loads.





All of the octal D shift registers should have .01 uF ceramic bypass capacitors connected across the power input connections of each chip.





The H-bridge circuits power are supplied individually by the three 0.5A d.c. constant current power supplies as indicated in the beginning of the text. This allows for a direct short to be used in the load circuit, or if an open be presented as a load, the voltage will not rise above 5V d.c. due to the 10 ohm power resistors connected across the constant current supplies.





The hexadecimal codes from the computer that operate the six MOSFET pairs as shown on page 10 are (from left to right), $01, $02, $04, $08, $10, and $20. If these were to arrive sequentially from the shift register, it would cause the H-bridge section one to switch from (+) to (-) on the load with the arrival of $01 and $02, and so on for sections two and three with the arrival of hex codes $04, $08, and $ 10 and $20 for sections two and three respectively. This data can be programmed by the operator to arrive in any combination from $00 to $3F in six sequential steps. Some are more useful than others as some combinations will null each other. (+ and - on at the same time for instance.) The hexadecimal register code is limited to $3F since D6 and D7 are the registers clear and clock data respectfully. The code is not limited in such a fashion for operating the DAC during the sweep frequency mode as all eight bits are used.





If it is desired to see what the registers are outputting as actual data during the initial system checkout,  LED diodes may be connected to the outputs of register 6 to +5v through 1 K ohm resistors. Then the clock may be input from one of the low frequency dividers,  IC11, 12, or 13,  or from an external 0 to 5v low frequency pulse source into pin 9 of IC16 instead of the swept frequency input from IC8.








Analog System Data Output To The Computer:





The analog system is located almost totally on page 5. The balance-beam proximity detector is a metal detecting coil that provides a d.c. voltage output level that is inversely proportional to the distance from the probe to the near field metal being detected. (This is placed near the bottom pan of one side of the balance beam.) The heart of the system is the analog to digital converter IC29, an ADC0803 converter with an 8-bit output. The 4-stage operational amplifier,  IC27 and IC28, drive the ADC input. The output of the ADC goes to page 7 (also labeled 3/F), IC31 octal buffer, type 74HCT244. Each output of the buffer is fed to the computer input via 22 ohm inline resistors that help to absorb transients. Input (C) from The Master Load F.F. IC9 puts the ADC into a hold mode via IC18, IC9, and IC20 during a master reset. 





The actual pin connection to the parallel port cable header is via a  RS-232 25 pin connector. This diagram is shown at the bottom of the page 5 schematic. See also page 7 output from IC31 to correlate the BSY, PE, SEL, etc. terminology. 





The operational amplifiers should have their power input leads bypassed by 100 uF electrolytic type capacitors to common to prevent feedback or possibly even self-oscillation.





Control Keys and Calibration Adjustments





Keyboard Control concerning Special Input Keys





By default, the sweep system will output a binary 010101 (HEX code $15). This is also available immediately by inputting the '0' (zero) key. This set a d.c. current of fixed polarity through any devices connected to the register output drivers. The operator may input special keys (upper or lower case does not matter) to cause various control actions as follows:





'1'  key will output HEX code $01, $25, $25, $02, $1A, $1A. (Not used normally. This is used for       special test by the author.)





'2'  key will output HEX code $01, $19, $19, $02, $26, $26. (Also normally not used. Used as a special test code by the author.)





'c'  key will cause a master reset and will clear the screen, reload present data code and then start a new sweep.





'd' key will write screen data to an external data file for later viewing by the operator. The sweep is sequentially increased in sweep speed from the slowest to the fastest speed after each data file related to a full screen has been stored. The operator may set the beginning and ending file numbers. When the data save process is complete, the program will output a repeating sequence of five tones in ascending frequency to alert the operator that testing is complete.





NOTE:   To view these saved screens, a companion program DATAPLOT.EXE must be run and it must be in the same directory as the saved data files. All data files have the .$$$ extension by default.  The data files may be viewed in any group or as a whole sequentially.





'g' key turns off or on the screen calibration grid.





'h' key suspends plotting at any time during a sweep. The vertical position may be changed at this time even though the plot is suspended.





'i' key will allow for manual input of six HEX codes so that tests may be defined by the operator. All HEX codes must start with the dollar sign $ and then have two numbers between 00 and 3F. This allows for the binary output of 000000 to 111111.





's' will cause the screen display to resemble a storage oscilloscope where each new trace will write over the preceding one.





'x' will toggle the sweep rate from the default of 2000 sec/10 divisions, to 200 sec/10 divisions, then 20 sec/10 divisions, and finally 10 sec/10 divisions. The next toggle will return to the default.





'y' key toggles the vertical gain progressively from times 1, 2, 5, 10, 20, and 50 back to 1, etc.





The 'page up' and down moves the trace about ten minor divisions vertically and 'home' will return the trace baseline to the default at the center of the screen.





The up and down arrow keys move the trace vertically about 1 minor division.





The left and right arrow keys will cause the trace to sweep in the direction of the arrow if the operator wants to have the trace reverse over a particular area of the sweep.





The ESC key will abort the sweep at any time and return the operator to the main test screen. From there, another ESC will exit to DOS.





Analog Adjustment





Referring to the analog schematic on page 5,  there are two main adjustments that affect the analog input circuit. The null adjustment allows for zeroing the A-D output to the computer when the balance beam has been set for balance with the clearance between the proximity detector and the bottom pan metal target as close as possible without touching. (About 1 mm works well.) 





The gain adjustment is set for minimum gain during the null adjustment. Then the gain is adjusted for maximum while tweaking the null adjust for the best possible nulled display (desired position) on the computer. The gain is also delectable in the software by inputting the (y) key to select vertical gains of 1, 2, 5, 10, 20, and 50. Initially, the software gain should be left at the default value of (1) while the hardware adjustments are made. Thereafter, the software gain may be increased while carefully tweaking the amplifier back into null as required. 





As with the control data register outputs, if it is desired to view the actual data coming from the analog to digital converter, LED's may be connected to the outputs of IC31 buss driver on page 7 through 1 K ohm resistors back to +5v.





A warm-up of at least a half-hour is recommended before making these adjustments so as to minimize operational amplifier drift problems.





Sweep/Horizontal Adjustment 





The sweep frequency adjustment is performed by monitoring the output from IC16, pin 4 on page 8 with a frequency counter. This will be a frequency from approximately 200 Hz to 20 kHz when calibrated. 





Start up the computer interface system and once up and running, the sweep will by default be in the slowest mode, or 2000 sec/10 divisions. (Approximately a 33 minute duration.)





Then, set the gain adjustment R14 on page 9 for an output of 4.7 volts. Then the voltage at IC5, pin 6, page 6 is set for a voltage above 4.7v by adjusting R16. (Set R16  for about 5.2 v at IC5 pin 6 so as not to trigger the master reset IC6 at the end of sweep.)





Then reset is initiated by repeatedly inputting the (c) key. (The (x)  key may be input first to speed up the sweep to the 200 sec/10 division rate.) While inputting the (c) key, check that the inputs to IC2 start loading data properly when R16 is adjusted down towards 5v. This may be done by connecting LED's to the outputs of IC2 through 1k ohm resistors to +5v as pull-up resistors. Check that data loads when the (1) key is input and also the (2) key. (These keys will cause output of preset data stored in the software.) The final check is that after the end of sweep is reached, the sweep starts over at the low end without seeing the screen message, "No input! Press any key to exit system." If this message appears, recheck the adjustment of R16 as it may be set too low. When R16 is set properly, reset (c), data keys 0, 1, and 2 will cause data to be loaded into IC2 and the sweep will start over without an error message as above.





Then, the offset adjustment  is set for 10 KHz at the middle of sweep by adjusting the offset adjustment R25 on page 6. The adjustments between the offset adjustment and the gain adjustment R14 interact a bit so they may require alternate adjustments until both are acceptably close. Use the gain adjustment R14 for 200 Hz and the offset adjustment R25 for 10 KHz. (Start of sweep is close to 200 Hz and the end of sweep is near 20 KHz.) It may be easier to adjust the middle of the sweep frequency if the (h) 'hold' key is input when the sweep reaches the 10 KHz line exactly. Then the offset adjustment is set for exactly 10 KHz. Inputting the (h) key again will restart the sweep. The (h) key is very useful as the sweep may be made to hold anywhere on the screen.





The output of $FF occurs in the software when the (c) key is input by the operator. This is true also whenever data is input by the operator by pressing a preset key such as the 0, 1, or 2. (Again, data may also be input by pressing the (i) key which will allow the operator to input six hex data codes manually.) Whenever $FF is output, (by inputting the (c) key or a data key), the master reset is activated since the DAC output rises high enough to trigger the comparator IC5 on page 6. This always reloads the current data being used. 





The sweep is fully synchronized to the program since the HEX output code is linear and it drives both the sweep on the screen and the D to A converter in the sweep output control circuit hardware. The sweep rate is controlled by the operator by inputting the (x) key which allows four sweep rates from a very slow sweep (default) to a fairly fast sweep.





Some Construction Hints





Most or all of the parts in the project may be purchased from either Radio Shack Stores or Jameco Electronics Components Store. Jameco has a website and may be reached via the internet at http://www.jameco,com or parts may also be ordered by phone by calling 1-800-831-4242. I suggest that you write down your needed parts in their catalog order form and use it when talking to the sales  person as this will expedite the process considerably. I suggest that when possible, order the 74HCTxxx  I.C. series as these give the best interfacing when mixing CMOS with TTL as well as for low power consumption, etc.





The balance beam I use is homemade and I found that it needed damping to prevent jiggle and oscillatory rocking when people walked about. A jar of STP engine friction reducing oil with a metal disk emmersed in it and connected through a small plastic rod to the bottom pan of the balance beam did the trick. The ideal balance beam setup would be mounted on a concrete floor and concrete block stand. It is suggested that you use your imagination and come up with an improved method of building the balance beam and for that matter the project as a whole. Then I hope that you will share it with me and the Associates In Electrogravitation as a whole.





Finally, the swept frequency device is useful for many purposes such as testing audio amplifiers for flat response, filter design, spectrum analysis, remote tone controlled devices and perhaps many other uses you may think of.





Questions and comments may be addressed to:   quark137@aol.com.





Disclaimer: You are on your own concerning safety, building practices, etc. Use common sense and if you are not sure concerning  the safety of what you are doing, it is suggested that you do not do it. This is for the knowledgeable and experienced electrical-electronic experimenter only.





Author --- Jerry E. Bayles.


