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1. Basic Electronics 
In this Chapter it is important to know a few basic concepts before moving forward.  
These can always be revisited when the need arises.  Basic Electronics include electronic 
component understanding such as resistor color codes, resistor types, LED anode and 
cathode, how to read capacitors, capacitor types, oscillators, etc. 
 

1.1. Carbon Resistor  Color  Code 
The resistor color code for the carbon resistor is shown below in Figure 1.1. One 
statement that is often used to remember thr color code is the following: Big (black) Boys 
(brown) Race (red) Our (orange) Young (yellow) Girls (green) But (blue) Violet (violet) 
Generally (gray) Wins (white). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 1.1.  Resistor color code for carbon resistor. 

 

1st Band: 1st 
Significant Digit 

2nd Band: 2nd 
Significant Digit 

3rd Band: 
Multiplier 

4th Band: 
Tolerance 

5th Band: 
Precision or 
Reliability 

Five band resistor 

Color  Color  1st or  2nd Band 
Decimal Number  

3rd Band Multiplier   

Black  0 1 
Brown  1 10 
Red  2 100 
Orange  3 1000 
Yellow  4 10000 
Green  5 100000 
Blue  6 1000000 
Violet  7 10000000 
Gray  8 100000000 
White  9 1000000000 
Gold  -- 0.1 
Silver  -- 0.01 
 
Other Notes:   
The 4th band currently has two colors: Gold for 5% tolerance and 
silver for 10% tolerance. 
The 5th band uses the following colors for precision: brown for 
±1%, red for ±2%, green for ±0.5%, blue for ±0.25%, and violet 
for ±0.1%. 
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1.2. The LED 

 

The LED is called a L ight Emitting Diode, thus the name LED.  The LED consists of an 
anode and cathod as shown in Figure 1.2.  The arrow represents light coming from the 
LED when it is on.  The LED comes on when the anode is more positive that the cathode.  
That is, when the voltage applied to the anode is greater than the voltage applied to the 
cathod.  The anode is typically represented by the longest side while the cathode is 
the shor test side.  The cathode is also indicated by the flat side. 

 
 
 
 
 
 
 
 

Figure 1.2.  LED representation showing anode and cathode. 

Anode Cathode 
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1.3. Capacitors 
A capacitor can be created by placing two plates in parallel with some material between 
the plates and placing connecting wires on each plate.  The capacitance of a capacior is 
measured in Farads.  The capacitance of a capacitor can be calculated using the following 
formula: 
 

s

Ak
C

1210

**85.8
=  

where A is the area of the plates facing each other in inches, k is the dielectric strength of 
the material between the plates, and s is the separation between plates in meters, and C is 
the capacitance in uF.  See Figure 1.3 for the general construction of a capacitor. 
 
Some capacitors have a code written on them wich represents the capacitance in 
picoFarads (pF).  The code typically consists of four characters. The representation of 
each character for a ceramic disk capacitor is described in Figure 1.4. The first two digits 
represent the actual digits in the capacitance value, in this case 10.  The 3 digit represent 
the multiplier exponent using 10 as the base.  The number 3 gives a multiplier of 
103=1000.  The next character is a letter representing the tolerance. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 1.3.  Construction of a capacitor. 

 

Dielectric thickness (s) 

Plate area (A) 

Type of dielectric (k) 

Connecting wire 
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The value of this capacitor is 10 times 1000 pF = 10000pF. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 1.4.  Four character capacitor code for ceramic capacitors. 

1st digit 

2nd digit 

Multiplier 

Tolerance 

Tolerance for C<10pF 
 
Letter Tolerance 
B ±0.1pF 
C ±0.25pF 
D ±0.5pF 
F ±1.0pF 
 
 

Tolerance for C>10pF 
 
Letter Tolerance 
E ±25% 
F ±1% 
G ±2 
H ±2.5% 
J ±5% 
K ±10% 
M ±20% 
P 0-100% 
S -20 to 50% 
W 0 to 200% 
X -20 to 40% 
Z -20 to 80% 
 
 

 
Number Multiplier 
0 1 
1 10 
2 100 
3 1000 
4 10000 
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1.4. Inductors 
 
The inductance of an inductor is measured in Henrys.  It can be calculated by the 
following formula: 
 

�

AN
L

2
71057.12

m
´´= -  

 
where L is the inductance in Henrys, m is the relative permeability of the coil (= 1 for air), 
N is the number of turns of the coil, and A is the cross sectional area of the coil in meters.  
See Figure 1.5 for the general construction of an inductor.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 1.5.  Construction of an inductor. 

 
 

Coil 

�

N turns 

Area of Coil (A) 
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2. Introduction to VHDL using the Altera Quartus software 

 
This chapter introduces basic VHDL and is not intended for advanced users.  However, it 
should serve as basic foundation for those who need a review. 
 
A typical VHDL file contains two main structures:  

a. the entity and 
b. the architecture. 

 
The entity declares the signals coming in and the signals going out of the VHDL module.  
For the purpose of this text, I use a module to describe a collection of VHDL code to 
achieve one or more tasks.  A module contains one entity and one architecture.  A VHDL 
file must have the same name as the entity, if not the VHDL compiler will generate an 
error and thus not compile the code.   
 
The body of the architecture may contain many VHDL statements.  Several of these 
VHDL statements will be discussed for the discussion of valid VHDL names. 
 

2.1. Valid VHDL names 
Several rules must apply when using variable names in VHDL.  These are listed as 
follows: 
 
1.  A VHDL variable name can not start with a number. 
 

2.2. VHDL and Combination Logic 
The basic building block of combination is the and, or, and not gate. 
 

2.3. VHDL and Sequencial Logic 
The basic building block of sequencial logic is the flip-flop. 
 

2.4. VHDL and State Machines 
The basic build blocks of the state machine are combinational and sequencial logic.  The 
sequencial logici consists of n-flip-flops.  The state of the state machine is determined by 
the current state of the n flip-flops.  There are two general types of state machines: 1.) 
Moore Machine and 2.) Mealy Machine. 
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3. Top level VHDL Code for  the robot 
The top level code for the robot is described in this chapter. 

3.1. Example of robot_top.gdf or  robot_top.vhd showing ser ial and 
ADC0804/ADC0838 inter faces  

The CPLD consists of one top level graphic design file module called robot_top.gdf using 
the Alter Max-Plus II PLD software  This can also be done completely in VHDL.  It 
contains the following VHDL modules: 
 

1. decoder_ctl.vhd 
2. reg_ctl.vhd 
3. pipo_ctl.vhd 
4. a2d0804_ctl.vhd 
5. d2a0808_ctl.vhd 
6. compass_ctl.vhd 
7. ir_ctl.vhd 
8. servo_ctl.vhd 
9. rx_uart_ctl.vhd 
10. tx_uart_ctl.vhd 
11. timing_ctl.vhd 
12. sensorN_ct.vhd 
13. loopback_ctl.vhd 
14. tracktape.vhd 
15. speakerid_ctl.vhd 

These are explained next and are shown in Figure 16. 
 

3.1.1. decoder .vhd 
The decoder.vhd module determines which vhdl module get control of the servo_ctl 
module using the address sent to it from the address bus. 
 

3.1.2. reg_ctl.vhd 
The reg_ctl.vhd module holds the status and control information of each module.  It is 
optional.  If used, each module can then perform a task based on bits set in its register and 
can send status info to the register which can then be accessed by a microprocessor. 
 

3.1.3. pipo_ctl.vhd 
The pipo_ctl module determines whether a packet received from the serial data is an 
address packet or data packet.  If a data packet it is placed on the data bus, if an address 
packet it is placed on the address bus.  The easy method is split each received data bytes 
into 2 nibbles. The upper nibble of each serial byte sent is dedicated for the address bus 
and the lower nibble for the data bus.  Then the upper nibble of the data bus and address 
bus is padded with zeros since each bus is 8 bits wide.  Another method is to consider 
every 2 serial bytes as a packet. Let the most significant byte be the header byte and the 
least significant byte be the data byte.  The received data byte is placed on the data bus or 
data bus depending on header info. 
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Figure 3.1.  Top level view of robot module showing how VHDL modules are 
connected. 
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3.1.4. a2d0804_ctl.vhd 
The a2d0804_vhd module provides the control signals required for the ADC0804 A/D 
chips.  The resulting 8 bit parallel data conversion is latched and placed on the data bus. 
This data can also be serialize by the tx_uart_ctl.vhd module and sent to a 
microprocessor.  If the ADC0804 is used only one sensor module can be used unless used 
with an analog multiplexor.  If the ADC0838 is used up to 8 sensors can be used. 
 

3.1.5. d2a0808_ctl.vhd 
The digital to analog control module, d2a0808.vhd, send digital data to the 8-bit 
DAC0808.  Digital data is converted to analog data using the correct timing.  This data 
can be voice synthesis data, etc. 
 

3.1.6. sensorN_ctl.vhd 
The sensorN_ctl.vhd modules represent multiple sensors, up to N sensors, connected to 
the a2d_ctl.vh module. Each sensor module determines the appropriate action for the 
servos using the A/D data from its respective analog sensor.  For example, the sensor data 
can represent digitized temperature data, digitized voice data, digitized compass heading 
data, digitized infrared data, etc.  Note that sensor1_ctl.vhd represents the vhdl code for 
sensor 1, sensor2_ctl.vhd represents the vhdl code for sensor 2,  and so on, etc. 
 

3.1.7. ir_ctl.vhd 
The ir_ctl.vhd module receives data from the ir sensor and sends an appropriate 
command the servo_ctl.vhd module.The ir_ctl module determines uses the received data 
to determine whether an object is the be avoid, if so, the appropriate command is sent the 
servo_ctl.vhd for servo action – turn left, turn right, reverse, forward, etc. 
 

3.1.8. servo_ctl.vhd 
The servo_ctl module is used to control the servo motors.  It receives an 8 bit control 
command from the various modules. 
 

3.1.9. rx_uar t_ctl.vhd 
The rx_uart_ctl.vhd module converts the received asynchronous serial data to parallel 8 
bit data.  The serial data contains one start bit, 8 data bits, and 2 stop bits.  This data 
should be formatted according to the RS-232 UART protocol. 
 

3.1.10. tx_uar t_ctl.vhd 
The tx_uart_ctl.vhd is used to convert parallel data to serial data using the RS-232 UART 
protocol, that is, one start bit, 8 data bits, and 2 stop bits.  The choice of data is from the 
data bus or the a2d_ctl.vhd module.  The tx_uart_ctl.vhd module is selected using the 
specified address via the decoder similar to the selection of other modules.  Then the 
tx_uart_ctl.vhd modul latches and decodes the data from the data bus and decides what to 
to do. 
 

3.1.11. timing_ctl.vhd 
The timing_ctl.vhd module provides timing to all the modules and interfaces by dividing 
the 4 MHz clock. 
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3.1.12. loopback_ctl.vhd 

The loopback_ctl.vhd is used to put the robot_top.gdf in loopback mode.  Data sent by a 
microprocessor, etc., can be returned for testing. 
 

3.1.13. tracktape.vhd 
The tracktape.vhd module maneuvers the robot to follow the black tape.  When the 
robot’s left sensor crosses the black tape it sends an active low signal to the tracktape.vhd 
control module letting it know that darkness has been detected.  The module responds by 
sending a left turn command to the servo control module.  The servo control module 
(servo_control.vhd) then sends the correct frequencies to the left and right servo for a left 
turn.  When the robot’s right sensor detects darkness an active low is sent to the 
tracktape.vhd module.  The module then sends a right turn command to the servo control 
module.  The servo control module (servo_control.vhd) sends the appropriate frequencies 
to the servo motors causing the robot to turn right. 
 

3.1.14. speaker id_ctl.vhd 
Speakerid_ctl identifies a speaker before allowing the speaker to take control of the robot. 
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3.2. The ADC0804 
The ADC0804 is an 8 bit successive approximation analog to digital convertor.  The pin 
configuration of the ADC0804 is shown in Figure 3.2.  As shown the package type is the 
20 pin dual in line (DIP) package.  The analog input voltage range is 0 to VCC volts.  
The supply voltage input is represented by VCC.  It’ s maximum is 6.5 volts.  The 
ADC0804 has two grounds: analog ground (A GRD) and digital ground (D GRD).  These 
two separate grounds insure that noise from analog circuits does not leak into the digital 
circuits within the chip. It consists of 4 digital control inputs: CS , WR, INT , and RD .  
The analog inputs, Vin+ and Vin,  are differential.  When the analog to digital conversion 
of the analog input is complete, the results can be read from the outputs, D0, D1, …D7.  
 

3.2.1. Star t conversion 
Conversion of an analog voltage on the differential inputs, Vin+ and Vin-, begin when 
the chip select, CS , is low and the write, WR, are both low.  The chip select, CS , must 
be low in order for the chip to be functional.  When WR goes from being high to low, the 
SAR register is initialized and the interrupt, INT , is set high.  When the conversion is 
complete the interrupt goes active, that is, it goes from high to low indicating that the 
converted data is ready to be read from the outputs D0, D1, D2, D3, D4, D5, D6, and D7. 
 

3.2.2. Read conver ted data 
To read data when the conversion is complete the chip select must go low, followed by a 
high to low transition of the RD  input.  When the RD  input goes low this resets the 
interrupt and causes the output data latches to be enabled so that the internal converted 
data appears on the data bus (D0, D1,…. D7). 
 
The four digital control signals are summarized in the Table 3.1. 
 
Digital control inputs Active function 
CS /I Chip select 

RD /I Enable output 

WR/I Start conversion 

INT /O Data is ready 

 

Table 3.1.  The ADC0804 digital control inputs and their active function. 

 
3.2.3. Continuous conversion 

For continuous conversion the chip select, CS , and the read, RD , are grounded, and the 
interrupt, INT , and the write, WR, are connected.  In the continuous conversion 
configuration, the WR and INT  pins must be brought low after power up to insure that 
the conversion process is started.  See Figure 3.2 for the self-clocking configuration of 
the ADC0804. 
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Figure 3.2.  Pin configuration for the ADC0804 chip.  Please see the ADC0804 datasheet for more 
information. 
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3.2.4. Procedure for  testing and controlling the ADC0804 using 
VHDL 

 
The procedure for testing the ADC0804 is given below: 

 
1. The ADC needs testing before interfacing it to the PLD.  The test circuitry for the 

ADC0804 is shown in Figure 3.4.  In this circuit the ADC0804 is configured in 
free running mode.  This circuit consists of eight LEDs to verify the ADC0804’s 
analog to digtal conversion, a potentiometer to produce a test analog voltage for 
the ADC0804’s analog input, a push button switch to start the analog to digital 
conversion process after power up, and the ADC0804 chip in the DIP package to 
do the analog to digital conversion.  The LEDs are configured as active high.  
Therefore, a logic 1 on the digital output (pins 11, 12, 13, 14, 15, 16, 17, and 18) 
of a ADC0804 turns the corresponding LED on while a logic 0 turns the 
corresponding LED off.  You may start by constructing the circuit in Figure 3.4 
now. 

2. Once the circuit is constructed power it up.  Push the push button to start the 
analog to digital conversion process.  Then turn the potentiometer to one extreme 
and observe the LEDs.  Now turn the potentiometer to the other extreme and 
observe the LEDs.  The LEDs should all turn off with one extreme and all turn on 
with the other extreme.  If this is your observation you are ready to go to the next 
step if not you must troubleshoot the circuit until it is working.  If all 
troubleshooting fails change the chip – you may have a bad chip. 

3. The next step is to interface the working ADC0804 in the previous step to a 
programmable logic device (PLD).  Figure 3.5 shows the schematic of the 
ADC0804 chip interfacing to a PLD, in this case, the Altera EMP7128SLC84.  
The ADC0804 can also be interfaced to a microprocessor, digital signal processor 
(DSP), or mircrocontroller, etc.  Each serves the same purpose of processing the 
converted analog data digitally to perform a particular task, e.g., signal 
enhancements, noise removal, signal detection, digital transmission, etc.  If you 
are interfacing to a PLD cut and paste the VHDL code in section Section 3.2.5 on 
page 15 into a VHDL editor and then compile it.  Before compiling the code save 
it as a2d0804_ctl.vhd.  This is the same name as the entity name.  Most compilers 
such as the Altera VHDL compiler requires this to be done, else there will be an 
error in the compilation. 

4. Create a graphic design file called a2d0804_ctlgdf.gdf.  Insert the symbol 
a2d0804 into the graphic editor.  The symbol is created when the VHDL file is 
compiled.  Now complete the graphic design as shown in Figure 3.6.  Once the 
graphic design file is finished compile and save it. 

5. Now refer to Figure 3.3 for all pin assignments.  You must now assign pins to the 
following outputs:cs, rd, wr, and write_led.  Now assign pins to the following 
inputs: D0, D1, D2, D3, D4, D5, D6, D7, started, and int.  The following outputs 
must be assigned to LEDs: Y0, Y1, Y2, Y3, Y4, Y5, Y6, and Y7.  Compile the 
design after these signal names have been assigned. The net names are listed in 
Table 3.2 along with what pin they should be connected to on the ADC0804.  The 
signal name startad is an input used to start the A/D conversion when configured 
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in free running mode.  This input should be connected to an active low push 
button.  The input clock, clk, is not intended for the ADC0804 but is used for 
timing in the a2dcontrol4.vhd module. It was tested and works here for a 4MHz 
clock.  The input write_LED is used for testing purposes; it is connected to an 
active low LED.  When an active write (either from a2d0804_ctl.vhd or startad) 
occurs the LED lights up.  Note that the footprint for ADC0804 is given in to 
Figure 3.2.  It shows all pins names and their numbers.  Some of these pin names 
are used to control and accept data from the ADC0804.  These pin names are 
shown in Figure 3.6 and has to be assigned pin numbers as shown in Figure 3.5.  If 
you wish to use your own pin assignments please use Table 3.2.  This Table is 
provided for you to assign and write your own pin assignments (numbers) in the 
column provided.  Only the signals listed in the table need pin assignments, so 
ignore all other signals in Figure 3.6.  Further information about the ADC0804’s 
electrical characteristics, applications, and use, etc., can be sought in the 
ADC0804 datasheet.   

 
 
ADC0804 pin name 
/chip input(I ) or  
output(O) 

ADC0804 pin 
number  

Figure 3.6 signal name 
/PLD chip input(I ) or  
output(O) 

Your  pin assignments 

CS/I 1 cs/O  

RD /I 2 rd/O  

WR /I 3 wr/O  

INT /O 5 int/I  

D0/O 18 D0/I  
D1/O 17 D1/I  
D2/O 16 D2/I  
D3/O 15 D3/I  
D4/O 14 D4/I  
D5/O 13 D5/I  
D6/O 12 D6/I  
D7/O 11 D7/I  
N/A N/A write_LED/O  
N/A N/A startad/I  
N/A N/A clk/I  
N/A N/A Y0/O  
N/A N/A Y1/O  
N/A N/A Y2/O  
N/A N/A Y3/O  
N/A N/A Y4/O  
N/A N/A Y5/O  
N/A N/A Y6/O  
N/A N/A Y7/O  

Table 3.2.  Assignment of names on Altera MAX PLUS II graphic file to ADC0804 pin number.  You 
must make sure that the indicated inputs and outputs in the MAX PLUS II schematic are hardwired to the 
corresponding inputs and outputs on the ADC0804.  Determine the pin assignments for each of the net 
names given in column 3 [signal name/PLD chip input (I) or output (O)] and write the assigned PLD pin 
number in the column provided (last column to right). 
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Figure 3.3.  Pin assignments for the digital circuit in Figure 3.6.  The PLDs meeting these 
pin assignments are: Altera EMP7128SLC84 or EMP7160SLC84.  The ADC0804 and 
potentiometer circuits are external to the PLD platform while the LEDS, the oscillator for 
generating clk, and pushbutton switch for star tad reside on the PLD platform. 
 

PLD Chip 

PLD Pin 58 - D0 
PLD Pin 57 - D1 
PLD Pin 56 - D2 
PLD Pin 55 - D3 
PLD Pin 54 - D4 
PLD Pin 52 - D5 
PLD Pin 51 - D6 
PLD Pin 50 - D7 
 
PLD Pin 8 – RD 
PLD Pin 5 – CS 
PLD Pin 4 – WR 
PLD Pin 2 - INT 

To Led 0 and DAC0808: PLD pin  25 – Y0 
To Led 1 and DAC0808: PLD pin  24 – Y1 
To Led 2 and DAC0808: PLD pin  22 – Y2 
To Led 3 and DAC0808: PLD pin  21 – Y3 
To Led 4 and DAC0808: PLD pin  20 – Y4 
To Led 5 and DAC0808: PLD pin  18 – Y5 
To Led 6 and DAC0808: PLD pin  17 – Y6 
To Led 7 and DAC0808: PLD pin  16 – Y7 

ADC0804 

Potentiometer 

PLD Pin 15 - write_LED 
PLD Pin 83 - clk 
PLD Pin 70 - startad 
 

Vin 
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6. Once the design has been compiled program it into the PLD. 
7. Now power down the PLD board and connect the ADC0804 circuit to the PLD as 

shown in Figure 3.5.  Disconnect all wires connected to the following pins on the 
ADC0804: 1, 2, 3, 5.  This includes removing R4 and the push button from the 
circuit.  Let the remaining components remain as they are.  Make sure the 
ADC0804 circuit shares the same ground as the PLD circuit.  Also, if available 
connect the 5V source from the PLD board to the 5V inputs in the ADC0804 
circuit.  

8. Now power up the whole circuit.  Push the push button on the PLD board to start 
the analog to digital conversion process.  When this occurs the a2d0804_ctl 
module sends a signal to the ADC0804 chip via int.  Now turn the potentiometer 
as you did in step 2 this time observing the LEDs on the PLD board.  If the LEDs 
do not respond correctly troubleshoot the circuit. 

9. When you are done have the instructor sign off on the working circuit. 
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Figure 3.4 . Schematic to test and verify operation of the ADC0804 circuitry. 
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Figure 3.5 . Low level Schematic of ADC0804 and PLD. 

 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Sensor 
Output 

8 

From PLD pin 8 

From PLD pin 5 

From PLD pin 4 

2 

Vcc = 5 volts 

4 19 

PLD pin 58 – D0 

PLD pin 57 – D1 

PLD pin 56 – D2 

PLD pin 55 – D3 

PLD pin 54 – D4 

1  

PLD pin 51 – D6 

PLD pin 52 – D5 

PLD pin 50  - D7 

16 

14 

13 

15 

12 

11 

17 

18 

 

5 

20 

7 

 

 

6 

8 

 

10 

Vcc = 5 volts 

IC2 
ADC0804 

+Vin 

-Vin 

CS RDWR

C1=150pF R5=10K 

INTR

To PLD pin 2 

3 

Notes: 
 
PLD = Programmable Logic Device 
 

                                                 PLD platform 
 

Control Switches 

Analog sensor, e.g, 
potentiometer, 
microphone, etc. 

Outputs 

Inputs 

PLD – 
EMP7128SLC84 Led 0  PLD pin  25 – Y0 

Led 1  PLD pin  24 – Y1 
Led 2  PLD pin  22 – Y2 
Led 3  PLD pin  21 – Y3 
Led 4  PLD pin  20 – Y4 
Led 5  PLD pin  18 – Y5 
Led 6  PLD pin  17 – Y6 
Led 7  PLD pin  16 – Y7 



Wireless Projects, Version 7.5.3 - DEVRY     Page 14 3/13/2006 
 

 14

 
 
 

 
 

Figure 3.6.  The analog to digital control module in Altera Max Plus II. 
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3.2.5. VHDL code a2d0804_ctl.vhd for  controlling the ADC0804 
The VHDL code for the A/D module (a2d0804_ctl.vhd) is given below. 
 
 
library ieee; 
use ieee.std_logic_1164.all; 
-- A/D free running mode configuration, ADC0804 
entity a2d0804_ctl is 
port( 
startad,int,clk: in std_logic; 
rd,wr: out std_logic; 
write_select,read_select: out std_logic; 
D0, D1, D2, D3, D4, D5, D6, D7: in std_logic; 
Y: out std_logic_vector (7 downto 0) ); 
end a2d0804_ctl; 
 
architecture atod  of a2d0804_ctl is 
begin 
 
  get_data: process(int) 
  begin 
  if (int©event and int=©1©)then 
   Y<=D7 & D6 & D5 & D4 & D3 & D2 & D1 & D0; 
  end if; 
  end process; 
 
  assert_write: process(int,startad,clk) 
  variable cnt: integer range 0 to 1023; 
  begin  
  --clk is assumed to be 4 MHz  
   if (clk©event and clk=©1©)then 
   if (startad = ©1© or int=©0©)then 
   cnt:=0; 
   elsif (startad = ©0© )then 
   cnt:=cnt+1; 
   end if; 
   end if; 
 
   -- startad is active high 
 
   if (startad = ©0© and cnt=1)then 
   --initialize write signal to 1 
   wr<=©1©; 
   write_select<=©1©; 
   elsif (cnt=2 and int=©1©) then 
   write_select<=©0©; 
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   wr<=©1©; 
   elsif (cnt=3 and int=©1©) then 
   wr<=©0©; 
   write_select<=©0©; 
   elsif (cnt=4 and int =©1©) then 
   wr<=©1©; 
   write_select<=©0©; 
   elsif (cnt=5 and int =©1©) then 
   write_select<=©0©; 
   wr<=©1©; 
   else 
   wr<=©1©; 
   write_select<=©1©; 
   end if; 
  end process; 
-- Free running mode, grd rd and select 
 read_select<=©0©; 
 rd<=©0©;   
end atod; 
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3.3. The digital to analog conver ter  circuitry and VHDL code for  the 

DAC0808 
The digital to analog converter circuitry is used for converting a digital signal to an 
analog signal.  The dac0808_ctl.vhd module’s main job is to capture the digital data and 
send it to the DAC at the right time.  Let’s start by building the DAC circuitry and testing 
it to insure that it is working properly before going on.  This is explained in the next 
section. 
 
 

3.3.1. Procedure for  Building and Testing the DAC0808 circuitry 
The pin configuration of the DAC0808 is shown in Fi gur e 3. 7.  This version of the 
DAC0808 is a 16 pin DIP.  It is very important to know that pin 9 is the most significant 
bit and should be connected to the MSB in the digital data to be converted.  Also pin 16 is 
the least significant bit. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 3.7.  Pin configuration for the DAC0808 chip.  Please see the DAC0804 datasheet for more 
information. 
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The procedure for constructing and testing the circuitry for a DAC0808 is given below: 
 

1. Compile the VHDL code for count256.vhd given in section 3.3.2 on page 22.  
Insert the symbol for count256 into your current graphic design file and create the 
digital circuit as shown in Figure 3.8 below.  Use the same pin assignments as 
given in Figure 3.9 on page 20.  These pins are also shared by the LEDs to allow 
you to see any binary activity (if slow enough) of the counter outputs.  Lastly, 
save and compile the graphic design file. 

 
Figure 3.8.  Illustration of two 8 bit counters used to drive the DAC0808 circuit.  The first 8 bit counter is 
used to derive the appropriate clock frequency for the second 8 bit counter while the second 8 bit counter is 
used to drive the DAC0808.  The second 8 bit counter counts from 0 to 255 at a slower rate than the 1st.  
This creates an triangular waveform at the output of the DAC0808 circuitry. 

 
2. Derive 15.625khz clock (See Table 3.3below) from the 4Mhz clock signal by 

inserting a second count256.vhd in the current design.  This should be in series 
with the previous count256. 

 
Mod256 Counter output Frequency of divided clock,4x106/2n, n=1,2,3,…16; input 

counter clock frequency = 4Mhz 
Q0 4Mhz/21=2Mhz 
Q1 4Mhz/22=1Mhz 
Q2 4Mhz/23=500khz 
Q3 4Mhz/24=250khz 
Q4 4Mhz/25=125khz 
Q5 4Mhz/26=62.5khz 
Q6 4Mhz/27=31.25khz 
Q7 4Mhz/28=15.625khz 

Table 3.3.  Frequency division of the 4Mhz clock using the mod 256 counter (8 bit synchronous binary 
counter). 
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3. Program the PLD with the modified circuit created in step 1.  Now, power down 
the PLD before going to the next step. 

4.  Build the DACC0808 circuitry as shown in  
5.  Fi gur e 3. 9.  Program the DC voltage of –12 V and 5V in the power supply and 

disable the outputs until needed.   Have your  instructor  sign off on the built 
circuit.  As can be seen in  

6. Fi gur e 3. 9, the output of the DAC0808 is the current Io.   Since the output of 
the DAC0808 is a current it can easily be converted into a voltage by using the 
741 amplifier circuit as shown.  The amplifier circuit is a typical inverting 
amplifier configuration.  Therefore, the output voltage can be amplified by 
controlling the resistor Rf.   The output voltage is computed by: 

 

fRIoVo ´-=  

 
where the current Io is calculated by: 
 

�
�

�
�
�

�
+++++++=

256128643216842
87654321 AAAAAAAA

KIo  

 
and where K is 

ref

ref

R

V
K @  

 
Once the DAC0808’s surrounding circuit is built connect the digital inputs of the 
DAC0808 to the outputs of the 8 bit counter as shown.   
 

7. Now, turn the power on and supply the –12V, +12V, and +5V to their respective 
inputs.  Then power up the PLD circuit.  Make sure the ground signal of the PLD 
circuit is tied to the ground signal of the DAC0808 circuit. 

 
8. Use an oscilloscope and verify that the output waveform Vo is similar to the one 

shown in Fi gur e 3. 10.  Print the waveform for your record.  If you are not 
getting a similar waveform trouble shoot the circuit.  Have your  instructor  sign 
the waveform for  approval. 

 
9. Repeat steps 2, 3, 5, and 6 for the following clock frequencies: 125KHz and 

4MHz. 
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Note: Can use any PLD. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 3.9.  Circuitry for DAC0808 chip.  
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Figure 3.10.  Expected output voltage waveform, Vo, for DAC0808 circuit shown in 
Figure 3.9.  
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3.3.2. VHDL code for  the 8 bit counter (count256.vhd) 

 
The 28 provides the test data for the DAC0808.  It counts from 0 to 255.  The VHDL 
code for the 28 counter is listed as follows: 
 
l i br ar y i eee;  
use i eee. st d_l ogi c_1164. al l ;  
 
ent i t y count 256 i s 
por t  (  
 
c l k :  i n st d_l ogi c;  
c l r :  i n st d_l ogi c;  
q:  out  i nt eger  r ange 0 t o 255) ;  
 
end count 256;  
 
ar chi t ect ur e a of  count 256 i s 
begi n 
 
 pr ocess ( c l k)  
 var i abl e cnt :  i nt eger  r ange 0 t o 255;  
 begi n 
  i f  ( c l r =' 0' ) t hen 
   cnt : =0;  
  el se 
   i f ( c l k ' event  and cl k=' 1' ) t hen 
    cnt : =cnt +1;  
   end i f ;  
  end i f ;  
  q<=cnt ;  
 
 end pr ocess;  
 
end a;  
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3.4. Testing the ADC0804 and DAC0808 together  using a PLD and a Parallel 
to Parallel Inter face 

This section discusses the operation of the ADC0804 and DAC0808 as complete A/D and 
D/A system.  The block diagram of this system is shown in Figure 3.11.  The function 
generator generates a sinusoidal signal in the range required by the ADC0804.  This 
signal must be between 0-5 volts.  This is half the full scale range of the ADC0804.  
Since a sinusoidal has both positive and negative values and the ADC0804 has a full 
scale range of 0-5V the sinusoidal should be offset by a DC voltage of 2.5V.  This allows 
the sinsusoidal to be converted without distortion or without losing the negative cycle in 
the A/D process.  That is, the negative amplitudes will be converted to digital 0 if the DC 
offset is not applied.  The procedure for performing this setup is given next. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 3.11.  A complete A/D and D/A system using the ADC0804 and DAC0808. 
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3.4.1. Procedure for  building and testing the ADC0804 and 
DAC0808 system 

 
 
The procedure for building and testing the ADC0804 and DAC0808 system is given as 
follows: 
 

1. Assuming that the ADC0804 and DAC0808 circuits are tested and working 
complete the digital circuit shown Figure 3.12 in the graphic editor.  Compile and 
save the circuit. 

2. Power down the ADC0804 and DAC0808 circuits.  Program the PLD with the 
circuit in Figure 3.12. 

3. Build the circuits in Figure 3.13 and Figure 3.14.  Use a potentiometer to test the 
ADC0804 and DAC0808 together.  You should see 0V or 5V on the DAC’s 
output when the pot is turn to its extremes. 

4. Disconnect the potentiometer’s output from the ADC0804’s analog input.  The 
output of the function generator should now be connected to the ADC0804’s 
analog input.  Test the DAC0808 using the following sinusoidal sources: 100Hz, 
500Hz, 1000Hz, 5000Hz, 15000Hz, 50000Hz, 200KHz, and 600KHz.  Make sure 
you apply the DC offset for all cases.  Measure and print the waveforms showing 
the frequencies and peak-to-peak amplitudes of each waveform using the 
oscilloscope. 

5. Have the instructor sign your work when done. 
 
 

 
 
Figure 3.12. Digital circuit for the ADC0804 and DAC0808 system. 
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Figure 3.13.  Analog transmit circuitry. 
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Note: Can use any PLD. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 3.14.  Analog receive circuitry for DAC0808 chip.  
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3.4.2. VHDL code for  the d2a0808_ctl.vhd 

 
The VHDL code for interfacing to the DAC0808 is listed below: 
 
library ieee; 
use ieee.std_logic_1164.all; 
 
entity d2a0808_ctl2 is 
 port(en:in std_logic;  
          d: in std_logic_vector(7 downto 0);  
       q: out std_logic_vector( 7 downto 0)); 
end d2a0808_ctl2; 
 
architecture a of d2a0808_ctl2 is 
begin 
 process (en,d) 
 begin 
 if (en=©0©)then 
  q<=d; 
 end if; 
 end process; 
end a; 
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3.5. Testing the ADC0804 and DAC0808 together  using a PLD and using a 
Parallel to Ser ial Conver ter  and Ser ial to Parallel Conver ter  

 
This section is an extension of the previous section which dealt with a parallel to parallel 
interface using an analog to digital converter’s parallel outputs (ADC0804) which 
interfaced to the parallel inputs of a digital to analog converter parallel inputs 
(DAC0808).  In this section the parallel output data of the ADC0804 is converted to 
serial data using a parallel to serial converter.  This serial data is then converted back to 
parallel data for the DAC0808 parallel inputs.  This is pretest for a wireless voice data 
system that requires a serial bit stream for the transmitter’s input data.  This serial data is 
then used to modulate the transmitter’s carrier frequency using one of several modulation 
methods: ASK, FSK, PSK, QAM, etc.  This modulated carrier is then through an antenna 
and through a wireless transmission channel to a receiver.  The receiver demodulates 
received signal to recover the serial data.  This serial data is then fed to a serial to parallel 
converter that converts the serial data back to parallel for the DAC0808’s parallel input.  
The procedure for performing this experiment is given in the next section. 
 

3.5.1. Procedure for  Testing the ADC0804 and DAC0808 together  
using a PLD and using a Parallel to Ser ial Conver ter  and Parallel to 

Ser ial Conver ter  
 
 
The procedure is given as follows: 
 

1. Add to the digital circuit from the previous section by adding the following 
modules:txuart2.gdf, count65536.vhd, and rxuart.gdf,.  Begin by contructing the 
digital circuit for the txuart.gdf module is explained in Section 3.6, Introduction - 
VHDL code for the TX UART, on page 32.  The txuart.gdf module converts 
parallel data to serial data using a 16 to 1 multiplexer. It consists of several VHDL 
files which are also given in Section 3.6.  Finally the VHDL code for 
count65536.vhd is also given in Section 3.6.2, VHDL code for the 216 counter 
(counter65536.vhd) on page 39.  Finally, the rxuart.gdf module converts parallel 
data to serial data.  It is explained in Section 3.7, Introduction - VHDL code for 
the RX UART, on page 42,  

2. Once the circuit is complete assign the correct PLD device and compile it.  Then 
assign the input/output pins assignments as shown in Figure 3.16.  Compile the 
circcuit again and program it into the target PLD. 

3. If not already done so, build the circuits in Figure 3.13 and Figure 3.14.  Use a 
potentiometer to test the ADC0804 and DAC0808 together.  You should see 0V 
or 5V on the DAC’s output when the pot is turn to its extremes. 

4. Disconnect the potentiometer’s output from the ADC0804’s analog input.  The 
output of the function generator should now be connected to the ADC0804’s 
analog input.  Test the DAC0808 using the following sinusoidal sources: 100Hz, 
500Hz, 1000Hz, 5000Hz, 15000Hz, 50000Hz, 200KHz, and 600KHz.  Make sure 
you apply the DC offset for all cases.  Measure and print the waveforms showing 
the frequencies and peak-to-peak amplitudes of each waveform using the 
oscilloscope. 
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5. Have the instructor sign your work when done. 
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Figure 3.15.  Parallel to serial and serial to parallel digital circuit for interfacing analog to 
digital and digital to analog conversion circuits.  This shows how parallel digital data can 
be converted to serial data in preparation for modulation and transmission over a one link 
channel. 
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Figure 3.16.  Pin assignments for the digital circuit in Figure 3.16.  The PLDs meeting 
these pin assignments are: Altera EMP7128SLC84 or EMP7160SLC84. 
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3.6. Introduction - VHDL code for  the TX UART  
The low level description of the TX UART module is shown in Figure 3.17.    The 
corresponding Max Plus II version of Figure 3.17 is shown in Figure 3.18.  In Figure 
3.17, fb is the bit rate of the TX UART serial data.  fclk is the 4MHz clock which is the 
frequency of the crystal oscillator which resides on the ESOC board.  fb represents the 
clock of the UART TX serial data output which is derived by dividing down the 4Mhz 
clock.  fb shown in Figure 3.17 is 4MHz/212=976.56 Hz.  This is taken from Q11 of the 
divide by 216 counter output (Q15, Q14, Q13, Q12, ….., Q1, Q0).  See Table 3.4 for the 
actual frequencies of the divided down 4Mhz clock using a mod 65536 counter and Table 
3.5 for further division of the 4Mhz clock using an additional mod 256 counter in 
cascade.  The VHDL code for the mod 65536 counter is shown in Section 3.6.2 on page 
39.  The mod11 counter counts from 0 to 10 selecting only the first 11 inputs of the 
multiplexer and then recycling to 0 again.  The multiplexer (161mux) in Figure 3.17 is a 
16 to 1 multiplexer.  It is used to convert the incoming 8 bit parallel data into serial data.  
Figure 3.17 yields serial data that follows the standard UART format.  The details of the 
UART TX serial data format is shown below in Figure 3.19.  The start bit is transmitted 
first, followed by the least significant data bit, the remaining data bits, and lastly the two 
stop bits.  The duration of one bit is called the bit period and is represented by tb.  The 
inverse of the bit period is called the bit rate and is denoted by fb.  It takes 11 bit periods 
to send all 11 bits.  The VHDL code for the divide by 2^16 counter is shown in the next 
section.  It is also called a mod 65536 counter because it has 65,536 possible output 
states.  It counts from 0 to 65,535.  The mod 11 counter has only 11 possible output 
states.  It counts from 0 to 10. 
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Figure 3.17.  Universal serial asynchronous serial transmitter (UART) TX module low level representation. 
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Figure 3.18.  Max Plus II version of TX UART shown in Figure 3.17. 
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Notes: 
Start bit = logic 0 
Data bit 0-7 = logic 0 or 1 
Stop bit 0 = logic 1 
Stop bit 1 = logic 1 
tb = bit period (seconds) 
fb = bit rate = 1/tb (hertz) 
 
Figure 3.19.  Standard UART serial data format. 
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Mod65536 Counter 
output 

Frequency of divided clock, 4x106/2n, n=1,2,3,…16 

Q0 4Mhz/21=2Mhz 
Q1 4Mhz/22=1Mhz 
Q2 4Mhz/23=500khz 
Q3 4Mhz/24=250khz 
Q4 4Mhz/25=125khz 
Q5 4Mhz/26=62.5khz 
Q6 4Mhz/27=31.25khz 
Q7 4Mhz/28=15.625khz 
Q8 4Mhz/29=7.8125khz 
Q9 4Mhz/210=3.90625khz 
Q10 4Mhz/211=1.953125khz 
Q11 4Mhz/212=976.5625hz 
Q12 4Mhz/213=488.28125hz 
Q13 4Mhz/214=244.140625hz 
Q14 4Mhz/215=122.0703125hz 
Q15 4Mhz/216=61.03515625hz 
  

Table 3.4.  Frequency division of the 4Mhz clock using the mod 65536 counter (16 bit synchronous binary 
counter). 

 
Mod 256 Counter output 
(equivalent output due to 
cascading the 65536 
with the mod 256 
counter) 

Frequency of divided clock, 61.03515625/2n, n=1,2,3,…8 

Q0 (Q16) 4Mhz/217=30.517578125hz 
Q1 (Q17) 4Mhz/218=15.2587890625hz 
Q2 (Q18) 4Mhz/219=7.62939453125hz 
Q3 (Q19) 4Mhz/220=3.81469726563hz 
Q4 (Q20) 4Mhz/221=1.90734863281hz 
Q5 (Q21) 4Mhz/222=0.953674316406hz 
Q6 (Q22) 4Mhz/223=0.476837158203hz 
Q7 (Q23) 4Mhz/224=0.238418579102hz 

Table 3.5.  Further division of 4Mhz clock by cascading the mod 65536 counter with a mod 256 counter 
The mod 256 counter is a 8 bit synchronous counter.  The Q15 output of the mod 65536 feeds the clock 
input of this mod 256 counter to give the frequencies indicated. 
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3.6.1. Procedure for  the  TX UART 

The procedure for constructing the TX UART is listed as follows:  
1. Open up the graphic editor and construct the circuit in Figure 3.18.  You must 

first copy and compile the VHDL code for the following modules: 
count65536.vhd, mux16to1.vhd, and count10.vhd.  See Table 3.6 below. Once 
the circuit is complete compile it.  Notice that count10.vhd is not provided.  You 
must modify a copy count65536.vhd to count from 0 to 9.  That is, make a copy 
of count65536.vhd and rename it count10.vhd.  Now edit the file, changing just 
three lines, that will cause the counter to count from 0 to 9.  The integer range 
should now go from 0 to 15 instead from 0 to 65535.  The if statement should be 
changed from if (clr='0')then to if (clr='0'  or  cnt=10)then. 

 
 
VHDL File Name Descr iption 
count65536.vhd Counter that counts from 0 to 65535 
mux16to1.vhd 16 to 1 multiplexer 
count10.vhd Counter that counts from 0 to 9 

Table 3.6.  List of VHDL files needed for this procedure. 

 
 

2. Now assign the correct device and corresponding pin assignments.  If using the 
Altera EMP7128SLC84 or EMP7160SLC84 use the assign pins given in Figure 
3.20 to interface the completed digital circuit to the outside world. 

3. Compile the circuit.  Now program the circuit into the PLD.  Set the switches to 
the following: D8D7D6D5D4D3D2D1=10101011.  Use an oscilloscope to verify 
that this data is being transmitted.  The data transmitted follows the standard 
UART format shown in Figure 3.19.  Also try code other values for 
D8D7D6D5D4D3D2D1. 

4. Print the waveforms measured in step 3.  Label the waveforms in detail indicating 
the start bit, eight data bits, and stop bits one by one.  You must verify this to the 
instructor using the sign off below. 

 
Intructor sign off______________________________ Date__________________ 
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Figure 3.20.  Pin assignments for the digital circuit Figure 3.18.  The PLDs meeting these 
pin assignments are: Altera EMP7128SLC84 or EMP7160SLC84. 
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3.6.2. VHDL code for  the 216 counter  (counter65536.vhd) 

The 216 provides the timing for all the VHDL modules.  It counts from 0 to 65535.  The 
VHDL code for the 216 counter is listed as follows: 
 
l i br ar y i eee;  
use i eee. st d_l ogi c_1164. al l ;  
 
ent i t y count 65536 i s 
por t  (  
 
c l k :  i n st d_l ogi c;  
c l r :  i n st d_l ogi c;  
cnt out :  out  i nt eger  r ange 0 t o 65535) ;  
 
end count 65536;  
 
ar chi t ect ur e a of  count 65536 i s 
begi n 
 
 pr ocess ( c l k)  
 var i abl e cnt :  i nt eger  r ange 0 t o 65535;  
 begi n 
  i f  ( c l r =' 0' ) t hen 
   cnt : =0;  
  el se 
   i f ( c l k ' event  and cl k=' 1' ) t hen 
    cnt : =cnt +1;  
   end i f ;  
  end i f ;  
  cnt out <=cnt ;  
 
 end pr ocess;  
 
end a;  
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3.6.3. VHDL code for  the 16 to 1 multiplexor  (mux16to1.vhd) 
The VHDL code for the 16 to 1 multiplexer is given below: 
 
l i br ar y i eee;  
use i eee. st d_l ogi c_1164. al l ;  
 
ent i t y mux16t o1 i s 
por t  (  
s:  i n i nt eger  r ange 0 t o 15;  
d:  i n st d_l ogi c_vect or  ( 15 downt o 0) ;  
y:  out  st d_l ogi c ) ;  
end mux16t o1;  
 
ar chi t ect ur e a of  mux16t o1 i s 
begi n 
 
pr ocess ( s)  
begi n 
 
case s i s 
 when 0 => 
  y<=d( 0) ;  
 when 1 => 
  y<=d( 1) ;  
 when 2 => 
  y<=d( 2) ;  
 when 3 => 
  y<=d( 3) ;  
 when 4 => 
  y<=d( 4) ;  
 when 5 => 
  y<=d( 5) ;  
 when 6 => 
  y<=d( 6) ;  
 when 7 => 
  y<=d( 7) ;  
 when 8 => 
  y<=d( 8) ;  
 when 9 => 
  y<=d( 9) ;  
 when 10 => 
  y<=d( 10) ;  
 when 11 => 
  y<=d( 11) ;  
 when 12 => 
  y<=d( 12) ;  
 when 13 => 
  y<=d( 13) ;  
 when 14 => 
  y<=d( 14) ;  
 when 15 => 
  y<=d( 15) ;  
end case;  
end pr ocess;  
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end a;  
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3.7. Introduction - VHDL code for  the RX UART 

The low level description of the RX UART module is shown in Figure 3.21 below.  The 
corresponding Max Plus II representation is shown in Figure 3.22.  The RX UART 
consist of five main components:   

1. JK flip flop 
2. clock generator 
3. serial in parallel out (SIPO) register 
4. parallel in parallel out (PIPO) register 
5. one shot  

 
The VHDL code for most of these components is shown in the following sections.  The 
clock generator, clkgen.vhd, provides a four bit clock to the SIPO register.  The input 
clock of the clock generator must be the same as the serial data bit rate, fb.  For example 
if the bit rate of the serial data is 973.5625 bps, then the input clk to the clock generator 
must be 973.5625 Hz.  The clock generator is activated when it receives the set from the 
negative edge JK flip flop.  The JK flip flop is in the set mode.  When a high to low 
transition in the serial data occurs, which is the start bit equal to logic 0, the JK flip flop 
sends a set to the clk generator.  This causes the clk generator to be enable.  It then counts 
from 0 to 15.  As long as the enable is high the clock generator counts 0 to 15 
continuously.  The SIPO register, ser2parsrg8_3.vhd, is used to convert the serial data 
into parallel data and is synchronized to the main clk and serial data using the four bit 
clock from the clock generator.  When the conversion is complete an active low output, 
which is the trigger signal, is sent to the oneshot, oneshot_2.vhd and the PIPO register.  
The PIPO register loads the data from the SIPO register when the trigger becomes active 
low.  When the oneshot receives the active low trigger from the SIPO register, a logic 0 is 
sent to the JK flip flop’s asynchronous reset input causing it to reset to a logic 0.  This 
cycle starts again upon detection of a high to low transition in the input serial data. 
 
The simulation of the RX UART in Figure 3.22 is shown in Figure 3.23.  The following 
test data bit groups are shifted in serially as shown in the table: 
 
Data bit group datain=0D1D2D3D4D5D6D711 
1 01100111011 
2 00111110111 
3 00011000000 

Table 3.7. The start bit (logic 0) is shifted in first followed by the data bits as follows: LSB=D0, then D1, 
D2, D3, ….., to the MSB=D7.  Lastly, the two stop bits (logic 1) are shifted in. 

 
Figure 3.23 shows that the data bit groups are shifted in serially as indicated in Table 3.7 
and shifted out in parallel as can be seen by the output of the eight bit parallel in to 
parallel out (PIPO) register (par2parsrg8.vhd) for bits d0,d2,d3,d4,d5,d6,d7. 
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Figure 3.21.  Receive UART architecture.  See corresponding Max Plus II representation in Figure 3.22. 
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Figure 3.22.  Receive UART architecture in Max Plus II.  The name given to this file is ser2par_2v2.gdf. 
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Figure 3.23.  Simulation of Receive UART in Figure 3.22 using Max Plus II. 
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3.7.1. Procedure for  RXUART 
 
The procedure for the RXUART is as follows: 

1. Copy the required files for building the RXUART digital circuit.  These files are 
listed in Table 3.8 and are given in the following sections. 

 
 
VHDL File Name Descr iption 
clkgen.vhd Generates clock for serial to parallel 

register 
ser2parsrg8_3v2.vhd Serial to parallel register 
par2parsrg8.vhd Parallel to parallel register 
oneshot_2.vhd Generates reset signal for JK flip flop 
  
 

Table 3.8.  VHDL files needed for building the RXUART circuit. 

 
Copy and paste the files to a VHDL text editor.  Save each file using the given names.  
Compile each file.  Open a graphic editor in your software (e.g., Quartus II) and save as 
RXUART.  Now build the circuit shown Figure 3.22.  Save and compile the design when 
done. 
 

2. When done show the instructor your design and that it compiles.  The instructor 
sign off is below. 

 
 
 
Instructor sign off_____________________________  Date__________________ 
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3.7.2. VHDL code for  the clock generator  (clkgen.vhd) 
The VHDL code for the clock generator (clkgen.vhd) is shown below.  The garphic 
design file for the code is shown in Figure 3.24.  The waveform simulation of clkgen.vhd 
is shown in Figure 3.25. 
 
l i br ar y i eee;  
use i eee. st d_l ogi c_1164. al l ;  
 
ent i t y c l kgen i s 
 por t (  
 c l k i n:  i n st d_l ogi c;  
 en:  i n st d_l ogi c;  
 c l kcount :  out  i nt eger  r ange 0 t o 15) ;  
end cl kgen;  
 
ar chi t ect ur e a of  c l kgen i s 
s i gnal  count 16:  i nt eger  r ange 0 t o 15;  
begi n 
 
 pr ocess( en, cl k i n)  
 begi n 
 i f  ( en=' 0' ) t hen 
 count 16<=0;  
 el s i f ( c l k i n' event  and cl k i n=' 1' ) t hen 
 count 16<=count 16+1;  
 end i f ;  
c l kcount <=count 16;  
 end pr ocess;  
end a;  
 
 



Wireless Projects, Version 7.5.3 - DEVRY     Page 48 3/13/2006 
 

 48

 
 

Figure 3.24.  Graphic design file for clock generator VHDL code. 

 
 
 
 

 
Figure 3.25.  Waveform simulation of clock generator VHDL code. 

 
 
 
 
 



Wireless Projects, Version 7.5.3 - DEVRY     Page 49 3/13/2006 
 

 49

 
 

3.7.3. VHDL code for  the SIPO register(ser2parsrg8_3v2.vhd) 
The VHDL code for the 8 bit SIPO register is shown below: 
 
l i br ar y i eee;  
use i eee. st d_l ogi c_1164. al l ;  
 
ent i t y ser 2par sr g8_3v2 i s 
por t (   
 
dat ai n:  i n st d_l ogi c;   
c l k:  i n st d_l ogi c;  
c l kcount :  i n i nt eger  r ange 0 t o 15;  
dat aout :  buf f er  st d_l ogi c_vect or ( 7 downt o 0) ;  
dat adone: out  st d_l ogi c) ;  
 
end ser 2par sr g8_3v2;  
 
 
ar chi t ect ur e shi f t _l ef t  of  ser 2par sr g8_3v2 i s 
 
begi n 
 
pr ocess( cl kcount , c l k)  
 
begi n 
 
i f  ( c l k ' event  and cl k=' 1' ) t hen 
- - shi f t  t he dat a l ef t  
case cl kcount  i s 
 when 1 => 
  dat aout ( 7) <=dat ai n;  
  dat aout ( 6) <=dat aout ( 7) ;  
  dat aout ( 5) <=dat aout ( 6) ;  
  dat aout ( 4) <=dat aout ( 5) ;  
  dat aout ( 3) <=dat aout ( 4) ;  
  dat aout ( 2) <=dat aout ( 3) ;  
  dat aout ( 1) <=dat aout ( 2) ;  
  dat aout ( 0) <=dat aout ( 1) ;  
 when 2 => 
  dat aout ( 7) <=dat ai n;  
  dat aout ( 6) <=dat aout ( 7) ;  
  dat aout ( 5) <=dat aout ( 6) ;  
  dat aout ( 4) <=dat aout ( 5) ;  
  dat aout ( 3) <=dat aout ( 4) ;  
  dat aout ( 2) <=dat aout ( 3) ;  
  dat aout ( 1) <=dat aout ( 2) ;  
  dat aout ( 0) <=dat aout ( 1) ;  
 when 3 => 
  dat aout ( 7) <=dat ai n;  
  dat aout ( 6) <=dat aout ( 7) ;  
  dat aout ( 5) <=dat aout ( 6) ;  
  dat aout ( 4) <=dat aout ( 5) ;  
  dat aout ( 3) <=dat aout ( 4) ;  
  dat aout ( 2) <=dat aout ( 3) ;  
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  dat aout ( 1) <=dat aout ( 2) ;  
  dat aout ( 0) <=dat aout ( 1) ;  
 
 when 4 => 
  dat aout ( 7) <=dat ai n;  
  dat aout ( 6) <=dat aout ( 7) ;  
  dat aout ( 5) <=dat aout ( 6) ;  
  dat aout ( 4) <=dat aout ( 5) ;  
  dat aout ( 3) <=dat aout ( 4) ;  
  dat aout ( 2) <=dat aout ( 3) ;  
  dat aout ( 1) <=dat aout ( 2) ;  
  dat aout ( 0) <=dat aout ( 1) ;  
 
 when 5 => 
  dat aout ( 7) <=dat ai n;  
  dat aout ( 6) <=dat aout ( 7) ;  
  dat aout ( 5) <=dat aout ( 6) ;  
  dat aout ( 4) <=dat aout ( 5) ;  
  dat aout ( 3) <=dat aout ( 4) ;  
  dat aout ( 2) <=dat aout ( 3) ;  
  dat aout ( 1) <=dat aout ( 2) ;  
  dat aout ( 0) <=dat aout ( 1) ;  
 
 when 6 => 
  dat aout ( 7) <=dat ai n;  
  dat aout ( 6) <=dat aout ( 7) ;  
  dat aout ( 5) <=dat aout ( 6) ;  
  dat aout ( 4) <=dat aout ( 5) ;  
  dat aout ( 3) <=dat aout ( 4) ;  
  dat aout ( 2) <=dat aout ( 3) ;  
  dat aout ( 1) <=dat aout ( 2) ;  
  dat aout ( 0) <=dat aout ( 1) ;  
 
 when 7 => 
  dat aout ( 7) <=dat ai n;  
  dat aout ( 6) <=dat aout ( 7) ;  
  dat aout ( 5) <=dat aout ( 6) ;  
  dat aout ( 4) <=dat aout ( 5) ;  
  dat aout ( 3) <=dat aout ( 4) ;  
  dat aout ( 2) <=dat aout ( 3) ;  
  dat aout ( 1) <=dat aout ( 2) ;  
  dat aout ( 0) <=dat aout ( 1) ;  
 
 
 when 8 => 
  dat aout ( 7) <=dat ai n;  
  dat aout ( 6) <=dat aout ( 7) ;  
  dat aout ( 5) <=dat aout ( 6) ;  
  dat aout ( 4) <=dat aout ( 5) ;  
  dat aout ( 3) <=dat aout ( 4) ;  
  dat aout ( 2) <=dat aout ( 3) ;  
  dat aout ( 1) <=dat aout ( 2) ;  
  dat aout ( 0) <=dat aout ( 1) ;  
 - -  f i ni sh r eadi ng 8 bi t s of  dat a 
  dat adone<=' 0' ;  
 when ot her s => 
  - - dat aout <=" 00000000" ;  
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  dat aout <=dat aout ;  
 
 end case;  
end i f ;  
 
end pr ocess;  
 
end shi f t _l ef t ;  
 
 
 
 

3.7.4. VHDL code for  the PISO register(par2parsrg8.vhd) 
The VHDL code for the 8 bit PIPO register is shown below.  The graphic design file for 
the parallel to parallel register (par2parsrg8.vhd) is shown in Figure 3.26.  The simulation 
for the para2parsrg.vhd is shown in  Figure 3.27. 
 
 
l i br ar y i eee;  
use i eee. st d_l ogi c_1164. al l ;  
 
ent i t y par 2par sr g8 i s 
por t (  dat ai n:  i n st d_l ogi c_vect or ( 7 downt o 0) ;   
dat aout :  buf f er  st d_l ogi c_vect or ( 7 downt o 0) ;   
l oad:  i n st d_l ogi c;  
c l k i n:  i n st d_l ogi c) ;  
end par 2par sr g8;  
 
 
ar chi t ect ur e a of  par 2par sr g8 i s 
 
begi n 
pr ocess( cl k i n, l oad)  
- - dat a  
begi n 
i f  ( l oad=' 1' )  t hen 
 dat aout <=dat aout ;  
el s i f  ( c l k i n' event  and cl k i n=' 0' ) t hen 
 dat aout <=dat ai n;  
end i f ;  
end pr ocess;  
 
end a;  
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Figure 3.26.  Graphic design editor of parallel to parallel register (para2parsrg8.vhd). 

 

 
 

 
Figure 3.27.  Simulation of parallel to parallel register (para2parsrg8.vhd). 
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3.7.5. VHDL code for  the oneshot (oneshot_2.vhd) 

The VHDL code for the active low trigger oneshot is shown below: 
 
l i br ar y i eee;  
use i eee. st d_l ogi c_1164. al l ;  
 
ent i t y oneshot _2 i s 
 por t (  
 c l kcount :  i n i nt eger  r ange 0 t o 15;  
 c l k: i n st d_l ogi c;  
 t r i gger :  i n st d_l ogi c;  
 oneshot :  out  st d_l ogi c) ;  
end oneshot _2;  
 
ar chi t ect ur e a of  oneshot _2 i s 
begi n 
 
 pr ocess( cl k)  
 begi n 
  
 i f  ( c l k ' event  and cl k=' 0' ) t hen 
  
  i f ( t r i gger =' 0'  and cl kcount  > 8) t hen 
   oneshot <=' 0' ;  
  el se 
   oneshot <=' 1' ;  
  end i f ;  
 
 end i f ;  
 end pr ocess;  
 
end a;  
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3.8. VHDL code for  a more robust RXUART to reduce bit slippage 

The VHDL for a more robust RXUART is given in this section.  The receive bit rate is 
selected to be twice as fast as the transmit bit rate.  This allows the bits to latched more 
accurately which depends less on the startup clock conditions.  Simulation shows that if 
the startup for the transmit bit rate clock is different then the bits will not be latched 
correctly.  The design in this section reduces that error.  The graphic design file is shown 
in Figure 3.28. 
 
 

 
Figure 3.28. More robust RXUART using a receive clock that is twice the transmit bit rate clock.   The 
name given to this file is ser2par_3.gdf. 
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3.8.1. VHDL code for  the clock generator  (clkgen2.vhd) 
The VHDL code for the clock generator (clkgen2.vhd) is shown below.  The garphic 
design file for the code is shown in Figure 3.24.  The waveform simulation of clkgen.vhd 
is shown in Figure 3.25. 
 
l i br ar y i eee;  
use i eee. st d_l ogi c_1164. al l ;  
 
ent i t y c l kgen2 i s 
 por t (  
 c l k i n:  i n st d_l ogi c;  
 c l r :  i n st d_l ogi c;  
 c l kcount :  out  i nt eger  r ange 0 t o 31) ;  
end cl kgen2;  
 
ar chi t ect ur e a of  c l kgen2 i s 
s i gnal  count 16:  i nt eger  r ange 0 t o 31;  
begi n 
 
 pr ocess( cl r , c l k i n)  
 begi n 
 i f ( c l k i n' event  and cl k i n=' 0' ) t hen 
  i f ( c l r =' 0' ) t hen 
    count 16<=0;  
   el se 
    count 16<=count 16+1;  
  end i f ;  
 end i f ;  
 c l kcount <=count 16;  
 end pr ocess;  
end a;  
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Figure 3.29.  Graphic design file for clock generator VHDL code. 

 
 
 
 

 
Figure 3.30.  Waveform simulation of clock generator VHDL code. 
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3.8.2. VHDL code for  the SIPO register(ser2parsrg8_4.vhd) 
The VHDL code for the 8 bit SIPO register is shown below: 
 
l i br ar y i eee;  
use i eee. st d_l ogi c_1164. al l ;  
 
ent i t y ser 2par sr g8_4 i s 
por t (   
 
dat ai n:  i n st d_l ogi c;   
c l k:  i n st d_l ogi c;  
c l kcount :  i n i nt eger  r ange 0 t o 31;  
dat aout :  buf f er  st d_l ogi c_vect or ( 7 downt o 0) ;  
dat adone: out  st d_l ogi c) ;  
 
end ser 2par sr g8_4;  
 
 
ar chi t ect ur e shi f t _l ef t  of  ser 2par sr g8_4 i s 
 
begi n 
 
pr ocess( cl kcount , c l k)  
 
begi n 
 
i f  ( c l k ' event  and cl k=' 0' ) t hen 
- - shi f t  t he dat a r i ght ,  assume LSB i n f i r st  
case cl kcount  i s 
 when 1 => 
  dat adone<=' 1' ;  
  dat aout ( 7) <=dat ai n;  
  dat aout ( 6) <=dat aout ( 7) ;  
  dat aout ( 5) <=dat aout ( 6) ;  
  dat aout ( 4) <=dat aout ( 5) ;  
  dat aout ( 3) <=dat aout ( 4) ;  
  dat aout ( 2) <=dat aout ( 3) ;  
  dat aout ( 1) <=dat aout ( 2) ;  
  dat aout ( 0) <=dat aout ( 1) ;  
 when 3 => 
  dat aout ( 7) <=dat ai n;  
  dat aout ( 6) <=dat aout ( 7) ;  
  dat aout ( 5) <=dat aout ( 6) ;  
  dat aout ( 4) <=dat aout ( 5) ;  
  dat aout ( 3) <=dat aout ( 4) ;  
  dat aout ( 2) <=dat aout ( 3) ;  
  dat aout ( 1) <=dat aout ( 2) ;  
  dat aout ( 0) <=dat aout ( 1) ;  
 when 5 => 
  dat aout ( 7) <=dat ai n;  
  dat aout ( 6) <=dat aout ( 7) ;  
  dat aout ( 5) <=dat aout ( 6) ;  
  dat aout ( 4) <=dat aout ( 5) ;  
  dat aout ( 3) <=dat aout ( 4) ;  
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  dat aout ( 2) <=dat aout ( 3) ;  
  dat aout ( 1) <=dat aout ( 2) ;  
  dat aout ( 0) <=dat aout ( 1) ;  
 when 7 => 
  dat aout ( 7) <=dat ai n;  
  dat aout ( 6) <=dat aout ( 7) ;  
  dat aout ( 5) <=dat aout ( 6) ;  
  dat aout ( 4) <=dat aout ( 5) ;  
  dat aout ( 3) <=dat aout ( 4) ;  
  dat aout ( 2) <=dat aout ( 3) ;  
  dat aout ( 1) <=dat aout ( 2) ;  
  dat aout ( 0) <=dat aout ( 1) ;  
 
 when 9 => 
  dat aout ( 7) <=dat ai n;  
  dat aout ( 6) <=dat aout ( 7) ;  
  dat aout ( 5) <=dat aout ( 6) ;  
  dat aout ( 4) <=dat aout ( 5) ;  
  dat aout ( 3) <=dat aout ( 4) ;  
  dat aout ( 2) <=dat aout ( 3) ;  
  dat aout ( 1) <=dat aout ( 2) ;  
  dat aout ( 0) <=dat aout ( 1) ;  
 
 when 11 => 
  dat aout ( 7) <=dat ai n;  
  dat aout ( 6) <=dat aout ( 7) ;  
  dat aout ( 5) <=dat aout ( 6) ;  
  dat aout ( 4) <=dat aout ( 5) ;  
  dat aout ( 3) <=dat aout ( 4) ;  
  dat aout ( 2) <=dat aout ( 3) ;  
  dat aout ( 1) <=dat aout ( 2) ;  
  dat aout ( 0) <=dat aout ( 1) ;  
 
 when 13 => 
  dat aout ( 7) <=dat ai n;  
  dat aout ( 6) <=dat aout ( 7) ;  
  dat aout ( 5) <=dat aout ( 6) ;  
  dat aout ( 4) <=dat aout ( 5) ;  
  dat aout ( 3) <=dat aout ( 4) ;  
  dat aout ( 2) <=dat aout ( 3) ;  
  dat aout ( 1) <=dat aout ( 2) ;  
  dat aout ( 0) <=dat aout ( 1) ;  
 
 
 when 15 => 
  dat aout ( 7) <=dat ai n;  
  dat aout ( 6) <=dat aout ( 7) ;  
  dat aout ( 5) <=dat aout ( 6) ;  
  dat aout ( 4) <=dat aout ( 5) ;  
  dat aout ( 3) <=dat aout ( 4) ;  
  dat aout ( 2) <=dat aout ( 3) ;  
  dat aout ( 1) <=dat aout ( 2) ;  
  dat aout ( 0) <=dat aout ( 1) ;  
 - -  f i ni sh r eadi ng 8 bi t s of  dat a 
  dat adone<=' 0' ;  
 when ot her s => 
  NULL;  
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 end case;  
end i f ;  
 
end pr ocess;  
 
end shi f t _l ef t ;  
 
 
 
 

3.8.3. VHDL code for  the PISO register(par2parsrg8_3.vhd) 
The VHDL code for the 8 bit PIPO register is shown below.  The graphic design file for 
the parallel to parallel register (par2parsrg8_3.vhd) is shown in Figure 3.26.  The 
simulation for the para2parsrg.vhd is shown in  Figure 3.27. 
 
 
l i br ar y i eee;  
use i eee. st d_l ogi c_1164. al l ;  
 
ent i t y par 2par sr g8_3 i s 
por t (  dat ai n:  i n st d_l ogi c_vect or ( 7 downt o 0) ;   
dat aout :  buf f er  st d_l ogi c_vect or ( 7 downt o 0) ;   
l oad:  i n st d_l ogi c;  
c l k:  i n st d_l ogi c;  
c l k i n:  i n i nt eger  r ange 0 t o 31) ;  
end par 2par sr g8_3;  
 
ar chi t ect ur e a of  par 2par sr g8_3 i s 
 
begi n 
pr ocess( l oad, cl k)  
- - dat a  
begi n 
 
i f  ( c l k ' event  and cl k=' 1' )  t hen 
 i f  ( l oad = ' 0' ) t hen 
 dat aout <=dat ai n;  
- - el s i f  ( c l k ' event  and cl k=' 1' ) t hen  
 - - case cl k i n i s 
  - - when 16 => 
  - - dat aout <=dat ai n;  
  - - when ot her s => 
  - - dat aout <=dat aout ;  
 - - end case;  
end i f ;  
end i f ;  
end pr ocess;  
 
end a;  
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3.8.4. VHDL code for  the oneshot (oneshot_4.vhd) 

The VHDL code for the active low trigger oneshot is shown below: 
 
l i br ar y i eee;  
use i eee. st d_l ogi c_1164. al l ;  
 
ent i t y oneshot _4 i s 
 por t (  
 c l kcount :  i n i nt eger  r ange 0 t o 31;  
 c l k: i n st d_l ogi c;  
 t r i gger :  i n st d_l ogi c;  
 oneshot :  out  st d_l ogi c) ;  
end oneshot _4;  
 
ar chi t ect ur e a of  oneshot _4 i s 
begi n 
 
 pr ocess( cl k)  
 begi n 
  
 i f  ( c l k ' event  and cl k=' 1' ) t hen 
  
  i f ( t r i gger =' 0'  and cl kcount  >= 16 and cl kcount  <= 17) t hen 
   oneshot <=' 0' ;  
  el se 
   oneshot <=' 1' ;  
  end i f ;  
 
 end i f ;  
 end pr ocess;  
 
end a;  
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3.8.5. VHDL code for  Servo Control Module (servo_control.vhd) 

The servo motors are driven by sending selected frequencies from the divide by 216 
counter.  More information about the mod (65536=216 ) counter can be found in Section 
3.6.2, VHDL code for the 216 counter (counter65536.vhd), on page 39.  Each servo has 
its own set of frequencies from the mod 65536 counter  that causes it to go forward, 
backward, reverse and stop.  These frequencies are found by trial and error using the last 
couple of outputs from the mod 65536 counter.  The servo control module 
(servo_control.vhd) acts as a 6 to 2 multiplexer by collectively selecting the correct 
frequencies for the left and right servo that will cause the robot to turn right, turn left, go 
in reverse, or stop at a given command.  The VHDL code for the servo module is shown 
below: 
 
 
l i br ar y i eee;  
use i eee. st d_l ogi c_1164. al l ;  
 
ent i t y ser vo_cont r ol  i s  
por t  (  
 
c l k:  i n bi t ;  
l f or war d:  i n bi t ;  
l s t op:  i n bi t ;  
l r ever se:  i n bi t ;  
r f or war d:  i n bi t ;  
r st op:  i n bi t ;  
r r ever se:  bi t ;  
l ser vo_out :  out  bi t ;  
r ser vo_out :  out  bi t ;  
command_i n:  i n bi t _vect or ( 7 downt o 0) ) ;  
 
end ser vo_cont r ol ;  
 
ar chi t ect ur e a of  ser vo_cont r ol  i s  
begi n 
 
 
 pr ocess( cl k)  
 begi n 
  i f  ( c l k ' event  and cl k=' 0' ) t hen 
   case command_i n i s 
     - - r obot ,  st op command 
    when " 00000000"  => 
     l ser vo_out  <= l st op;   
     r ser vo_out  <= r st op;   
 
     - -  r obot ,  l ef t  t ur n command 
    when " 00000001"  => 
     l ser vo_out  <= l r ever se;   
     r ser vo_out  <= r f or war d;   
 
     - -  r obot ,  r i ght  t ur n command 
    when " 00000010"  => 
     l ser vo_out  <= l f or war d;   
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     r ser vo_out  <= r r ever se;   
  
    - - r obot ,  go f or war d command 
    when " 00000100"  => 
     l ser vo_out  <= l f or war d;   
     r ser vo_out  <= r f or war d;   
 
 
    - -  r obot ,  go r ever se  
    when " 00001000"  => 
     l ser vo_out  <= l r ever se;   
     r ser vo_out  <= r r ever se;   
 
     - - r obot ,  st op!  
    when ot her s => 
     l ser vo_out  <= l st op;   
     r ser vo_out  <= r st op;   
    end case;      
 
  end i f ;  
 
 end pr ocess;  
 
end a;  
 

 
 
 

Figure 3.31.  Graphic design file for servo control module (servo_control.vhd). 

 

 



Wireless Projects, Version 7.5.3 - DEVRY     Page 63 3/13/2006 
 

 63

 

 

Figure 3.32.  Simulation of servo control module (servo_control.vhd).
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3.9. VHDL code and flowchar t for  the compass control module  
The compass control module determines the correct heading (north, south, east, west, 
etc.) for the robot and control the robot to go in that direction.  The VHDL code for this 
module is given followed by the flow chart. 
 

3.9.1. VHDL code for  the compass control module 
(compass_control2.vhd) 

The VHDL code for the compass control module is shown below: 
 
 
library ieee; 
use ieee.std_logic_1164.all; 
 
entity compass_control2 is 
port( 
en: in bit; 
clk: in bit; 
north: in bit; 
south: in bit; 
east: in bit; 
west: in bit; 
direction: in bit_vector(3 downto 0); 
command: buffer std_logic_vector( 7 downto 0)); 
end compass_control2; 
 
architecture a of compass_control2 is 
signal c:std_logic_vector(7 downto 0); 
signal curdir: bit_vector(3 downto 0); 
 
begin 
 
process(en,c) 
begin 
--tri state command output when en is 1 
 if(en=©0©)then 
  command<=c; 
 else 
  command<="ZZZZZZZZ"; 
 end if; 
end process; 
 
-- direction code 
--- 0001 north 
--- 0010 east 
--- 0100 west 
--- 1000 south 
--- 0011 north east 
--- 0101 north west 
--- 1100 south west 
--- 1010 south east 
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curdir <= north & south & east & west; 
 
process(direction,clk,north,south,east,west) 
begin 
 
 if(clk©event and clk=©1©)then 
 
    case direction is  
     when "0001" => 
    -- going north 
      case curdir is 
       when "0111" => 
        c <= "00000100";  --go forward 
       when others => 
        c <= "00000010";  --turn right 
      end case; 
    when "0010" => 
    --going east 
      case curdir is 
       when "1101" => 
        c <= "00000100";  --go forward 
       when others => 
        c <= "00000010";  --turn right 
      end case; 
    when "0100" => 
    -- going west 
      case curdir is 
       when "1110" => 
        c <= "00000100";  --go forward 
       when others => 
        c <= "00000010";  --turn right 
      end case; 
 
    when "1000" => 
    -- going south 
      case curdir is 
       when "1011" => 
        c <= "00000100";  --go forward 
       when others => 
        c <= "00000010";  --turn right 
      end case; 
 
 
    when others => 
     c <= "00000000";  --stop 
    end case; 
   
  end if; 
 
end process; 
 
end a; 
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3.9.2. Magnetic Compass VHDL flowchar t 
A simple flowchart for the magnetic compass module is shown below. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 

 

Figure 3.33.  Flowchart of VHDL code for compass sensor. 
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3.10. VHDL code and flowchar t for  the infrared sensor  control module 
The infrared sensor module determines the appropriate action to take when an object is 
detected.  The VHDL code and flow chart is given next. 
 

3.10.1. VHDL code for  the infrared module (irmodule2.vhd) 
The code f or  t he i nf r ar ed modul e i s shown bel ow:  
 
l i br ar y i eee;  
use i eee. st d_l ogi c_1164. al l ;  
 
ent i t y i r modul e i s 
por t  ( en:  i n st d_l ogi c;  
 i r det :  i n st d_l ogi c;  
 c l k:  i n st d_l ogi c;  
 c l k40khz: i n st d_l ogi c;  
 enl ef t i r :  buf f er   st d_l ogi c;  
 enr i ght i r :  buf f er  st d_l ogi c;  
 l ef t i r c l k: out  st d_l ogi c;  
 r i ght i r c l k:  out  st d_l ogi c;  
 command:  out  st d_l ogi c_vect or ( 7 downt o 0) ;  
 cnt : buf f er  i nt eger  r ange 0 t o 63) ;  
end i r modul e;  
 
ar chi t ect ur e a of  i r modul e i s 
s i gnal  d:  st d_l ogi c_vect or ( 2 downt o 0) ;  
s i gnal  x:  st d_l ogi c_vect or ( 1 downt o 0) ;  
 
begi n 
  d <= i r det  & enl ef t i r  & enr i ght i r ;  
  x <= enl ef t i r  & enr i ght i r ;  
 
 
 pr ocess( en, cl k40khz, d)  
 begi n 
  i f ( en=' 1' ) t hen 
  - - command <= " ZZZZZZZZ" ;  
  el se 
    i f ( c l k40khz' event  and cl k40khz=' 1' ) t hen 
    case d i s  
     when " 001"  => 
     - -  obj ect  i s  on l ef t  
     - -  move r i ght  
     command <= " 00000010" ;   - - t ur n r i ght  
 
     when " 010"  =>    
     - -  obj ect  i s  on r i ght  
     - -  move l ef t  
     command <= " 00000001" ;   - - t ur n l ef t    
 
     when " 000"  =>   
     - -  obj ect  i s  i n f r ont  
     - -  t ur n ar ound 
     command <= " 00000000" ;   - - t ur n r i ght  
 
     when ot her s => 
     command <= " 00000100" ;   - - go f or war d 



Wireless Projects, Version 7.5.3 - DEVRY     Page 68 3/13/2006 
 

 68

 
    end case;    
   end i f ;  
  end i f ;  
 
 end pr ocess;  
 
 pr ocess( en, x)  
 begi n 
  i f ( en=' 0' ) t hen 
   case x i s 
    when " 00"  => 
     - - bot h i r  l eds ar e enabl ed 
     r i ght i r c l k<= cl k40khz;  
     l ef t i r c l k<= cl k40khz;  
    when " 10"  => 
     - - r i ght  i r  l ed i s enabl ed 
     r i ght i r c l k<= cl k40khz;  
     l ef t i r c l k<= ' 0' ;  
    when " 01"  => 
     - - l ef t  i r  l ed i s enabl ed 
     r i ght i r c l k<= ' 0' ;  
     l ef t i r c l k<= cl k40khz;  
      when ot her s => 
     - - nei t her  l ef t  nor  r i ght  i r  l ed i s 
enabl ed 
     r i ght i r c l k<= ' 0' ;  
     l ef t i r c l k<= ' 0' ;   
   end case;  
 
  el se 
 
  l ef t i r c l k<=' 0' ;  
  r i ght i r c l k<=' 0' ;  
 
  end i f ;  
 
 end pr ocess;  
 
 
pr ocess( en, cl k40khz, cl k)  i s  
- - var i abl e cnt :  i nt eger  r ange 0 t o 63;  
begi n 
   i f  ( c l k40khz' event  and cl k40khz=' 1' ) t hen 
   cnt  <= cnt  +1;  
   end i f ;  
 
i f  ( en=' 0' ) t hen 
 
  i f ( cnt  >= 0 and cnt  <= 21) t hen 
    - -  enabl e l ef t  i r  l ed 
   enl ef t i r  <= ' 0' ;  
   enr i ght i r  <= ' 1' ;  
  el s i f  ( cnt >= 22 and cnt  <= 42) t hen 
    - -  enabl e r i ght  i r  l ed  
   enl ef t i r  <= ' 1' ;  
   enr i ght i r  <= ' 0' ;  
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  el se 
    - -  enabl e bot h i r  l eds 
   enl ef t i r  <= ' 0' ;  
   enr i ght i r  <= ' 0' ;  
  end i f ;  
 el se 
   - -  di sabl e bot h i r  l eds 
   enl ef t i r  <= ' 1' ;  
   enr i ght i r  <= ' 1' ;  
 end i f ;  
 
end pr ocess;  
 
end a;  
 
 
 

 
 

Figure 3.34.  Graphic design file for infrared module (irmodule.vhd). 

 

 
Figure 3.35.  Simulation for infrared module (irmodule.vhd).
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3.10.2. Infrared Sensor  module flowchar t 

An example of the flowchart for the infrared sensor module and two infrared LEDs is 
shown in the Figure below. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 

Figure 3.36.  Flowchart of VHDL code for infrared sensor and IRLED circuitry. 
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3.11. VHDL code for  the tracktape control module (tracktape.vhd) 

The VHDL code for the track tape module is given below.  The design file for the tracking tape module is 
shown in Figure 3.37.  Its simulation is given in Figure 3.38. 
 
library ieee; 
use ieee.std_logic_1164.all; 
 
entity tracktape is 
port( 
leftsen: in std_logic; 
rightsen: in std_logic; 
en: in std_logic; 
command: out std_logic_vector(7 downto 0)); 
end tracktape; 
 
 
architecture a of tracktape is 
signal d:std_logic_vector(1 downto 0); 
begin 
 
--leftsen  => logic 0: senses darkness  logic 1 :senses light 
--rightsen  => logic 0: senses darkness  logic 1 :senses light 
 
d<=leftsen & rightsen; 
 
 process (en,d) is 
 begin 
  if(en = ©1©)then 
   command<="ZZZZZZZZ"; 
  else 
   case d is  
    when "00" => 
     command <= "00000100";  --go forward 
    when "10" => 
     command <= "00000001";  --turn right 
    when "01" => 
     command <= "00000010";  --turn left 
    when others => 
     command <= "00000100";  --go forward 
   end case; 
 
  end if; 
 
 end process; 
 
end a; 
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Figure 3.37.  Graphic design file for  tracking tape module (tracktape.vhd). 
 
 
 
 
 

 
 
Figure 3.38.  Simulation of  tracking tape module (tracktape.vhd). 
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VHDL code for the speaker identification module (speakerid_ctl.vhd) 
The design file for the speaker id module is shown in Figure 3.39.  The simulation of the 
design file is shown in Figure 3.40.  The VHDL for the speaker id (speakerid_ctl.vhd) 
control module is listed below: 
 
 
 

 
Figure 3.39.  Graphic design file for speaker identification module (speakerid_ctl.vhd) 
module. 
 

 
Figure 3.40.  Simulation file for speakerid_ctlgdf.gdf module. 
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library ieee; 
use ieee.std_logic_1164.all; 
 
entity speakerid_ctl2 is 
port(id0: in integer range 0 to 65535; 
id1:in integer range 0 to 65355; 
id2:in integer range 0 to 65355; 
clk_1hz: in std_logic; 
clk_4Mhz:in std_logic; 
en:in std_logic; 
reset: in std_logic; 
command: out std_logic_vector (7 downto 0); 
speakersel: in integer range 0 to 7; 
speakerdet0: buffer std_logic; 
speakerdet1: buffer std_logic; 
speakerdet2: buffer std_logic; 
speakerdet3: buffer std_logic; 
speakerdet4: buffer std_logic; 
speakerdet5: buffer std_logic; 
speakerdet6: buffer std_logic; 
speakerdet7: buffer std_logic; 
speakerready:buffer std_logic; 
train_mode: in bit); 
end speakerid_ctl2; 
 
 
architecture a of speakerid_ctl2 is 
signal thresholdmin0: integer range 0 to 65535; 
signal thresholdmax0: integer range 0 to 65535; 
signal thresholdmin1: integer range 0 to 65535; 
signal thresholdmax1: integer range 0 to 65535; 
signal thresholdmin2: integer range 0 to 65535; 
signal thresholdmax2: integer range 0 to 65535; 
signal thresholdmin3: integer range 0 to 65535; 
signal thresholdmax3: integer range 0 to 65535; 
signal thresholdmin4: integer range 0 to 65535; 
signal thresholdmax4: integer range 0 to 65535; 
signal thresholdmin5: integer range 0 to 65535; 
signal thresholdmax5: integer range 0 to 65535; 
signal thresholdmin6: integer range 0 to 65535; 
signal thresholdmax6: integer range 0 to 65535; 
signal thresholdmin7: integer range 0 to 65535; 
signal thresholdmax7: integer range 0 to 65535; 
signal speakerdet: integer range 0 to 15; 
signal c: std_logic_vector(7 downto 0); 
signal clk:std_logic; 
signal cnt:integer range 0 to 31; 
signal spd:std_logic_vector(7 downto 0); 
 
begin 
 
 
-- set speaker thresholds 
     thresholdmin0 <= 0;  --speaker 0 
     thresholdmax0 <= 100; 
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     thresholdmin1 <= 101; --speaker 1 
     thresholdmax1 <= 200; 
     
     thresholdmin2 <= 201; --speaker 2 
     thresholdmax2 <= 400; 
     
     thresholdmin3 <= 401; --speaker 3 
     thresholdmax3 <= 700; 
     
     thresholdmin4 <= 701; --speaker 4 
     thresholdmax4 <= 1000; 
     
     thresholdmin5 <= 1001; --speaker 5 
     thresholdmax5 <= 1100; 
     
     thresholdmin6 <= 1101; --speaker 6 
     thresholdmax6 <= 1400; 
     
     thresholdmin7 <= 1401; --speaker 7 
     thresholdmax7 <= 65535; 
 
-- This process provides timing 
 process (clk_1hz,reset) 
 begin 
  if (reset=©0©)then 
   cnt<=0; 
  elsif(clk_1hz©event and clk_1hz=©1©)then 
   cnt<=cnt+1; 
  end if; 
 end process; 
 
--This process provides the ready signal for speaker to start speaking 
 process (cnt, clk_1hz) 
 begin 
   
   if( cnt >13 and cnt <17)then 
    speakerready<= ©0©; 
   else 
    speakerready<= ©1©; 
   end if; 
 
 end process; 
 
--This process determines the speaker 
 process(speakerready,reset) 
   
 begin 
  if (reset=©0©)then 
   spd<="11111111"; 
 
 elsif(speakerready©event and speakerready=©1©)then 
 
  if (id0 >= thresholdmin0 and id0 <= thresholdmax0)then 
   spd<="11111110"; 
   speakerdet<=0; 
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  elsif(id0 >= thresholdmin1 and id0 <= thresholdmax1)then 
   spd<="11111101"; 
   speakerdet<=1; 
 
  elsif(id0 >= thresholdmin2 and id0 <= thresholdmax2)then 
   spd<="11111011"; 
   speakerdet<=2; 
  
  elsif(id0 >= thresholdmin3 and id0 <= thresholdmax3)then 
   spd<="11110111"; 
   speakerdet<=3; 
  
  elsif(id0 >= thresholdmin4 and id0 <= thresholdmax4)then 
   spd<="11101111"; 
   speakerdet<=4; 
 
  elsif(id0 >= thresholdmin5 and id0 <= thresholdmax5)then 
   spd<="11011111"; 
   speakerdet<=5; 
 
  elsif(id0 >= thresholdmin6 and id0 <= thresholdmax6)then 
   spd<="10111111"; 
   speakerdet<=6; 
  
  elsif(id0 >= thresholdmin7 and id0 <= thresholdmax7)then 
   spd<="01111111"; 
   speakerdet<=7; 
  else 
   spd<="11111111"; 
  end if; 
 end if; 
 
speakerdet0<=spd(0); 
speakerdet1<=spd(1); 
speakerdet2<=spd(2); 
speakerdet3<=spd(3); 
speakerdet4<=spd(4); 
speakerdet5<=spd(5); 
speakerdet6<=spd(6); 
speakerdet7<=spd(7); 
 
 end process; 
 
--set commamd if speaker is detected 
 process(clk_4mhz,reset) 
 begin 
  if(clk_4mhz©event and clk_4mhz=©1©)then 
 
  if (reset=©0©)  then 
   c <= "00000010";  --turn right 
 
  elsif ( (speakersel = speakerdet) )then 
   c <= "00000100";  --go forward 
 
  else 
   c <= "00000010";  --turn right 
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  end if; 
  end if; 
 
 end process; 
 
-- send command if not disabled 
 process(en,clk_4mhz) 
 begin 
 if(clk_4mhz©event and clk_4mhz=©1©)then 
  if (en=©0©)then 
   command <= c;  --send command 
 
  else 
   command <= "ZZZZZZZZ";  --set to high Z 
  end if; 
 end if; 
 
 end process; 
 
 
 
end a; 
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4. Project Descr iptions  
The ESOC – bot is a small moving robot controlled by the ESOC board.  It can be 
programmed by a PLD that resides on the ESOC board.  The PLD is programmed to 
control two servomotors, using pulse width modulated waveforms, to move in a specified 
direction in response to sensory input.  A wide variety of sensors can be attached to the 
ESOC - bot.  Several project variations of the ESOC-bot based on the electronic 
discipline, e.g., electronic controls, electronic communication, signal processing, etc., of 
the students are given next. 
 
 

4.1. Introduction of Scenar ios 
This section discusses several potential projects based on three technological areas: 

1. Control electronics using sensors 
2. Communication electronics using wireless technologies 
3. Signal processing electronics and data acquisition using sensors and 

signal processing 
 
The control electronics based scenarios focuses on how a mobile robot can be controlled 
using various sensors, programmable devices, servo motors, etc. 
 
The communication electronics scenarios focuses on how a mobile robot can be 
controlled using remote control electronics such as Amplitude modulation (AM), 
frequency modulation (FM), amplitude shift keying (ASK), frequency shift keying 
(FSK), phase shift keying (PSK), etc.  A transmitter, and received is used.  The receiver 
is mounted on the robot while a transmitter is hand held. 
 
The signal processing and data acquisition scenario focuses on signal software that 
responds to sensory input data.  This data is sampled and converted to digital data for 
spectral analysis.  The spectral analysis may be done in real time using a digital signal 
processor (DSP), programmable logic device (PLD), etc.  It can also be done in real time 
by sending data from the ESOC bot to the personal computer via the parallel port. 
 
The next few chapters will discuss these projects in detail.  Following these chapters will 
be chapters to discuss introductory VHDL and the various VHDL modules used to drive 
these projects. 
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5. WyJen Technologies Wireless Transmitters/Receivers  

 
WyJen Technologies Incorporated designs and manufactures high quality, high 
performance, wireless devices for wireless applications.  WyJen wireless transmitters and 
receivers follow the naming convention listed here: 
 
 

5.1. WyJen Transmitter /Receiver  Par t Code 
The part code convention for the WyJen transmitter and receiver is given next. 
 
 
 
 
 
G  Genesis Engineering Design Group 
AA TX  stands for Transmitter 
 RX stands for Receiver 
 TR stands for Transmitter and Receiver 
BBB 3 digital number representing carrier frequency 
 2 digit number representing carrier frequency with decimal point represented by D 
C M stands for mega Hertz 
 G stands for Giga Hertz 
XX 5V stands for 5 volt technology 

3V stands for 3.3V technology 
YYY A00 stands for ASK modulation 
 F00 stands for FSK modulation 
 P00 stands for PSK modulation 
 Q00 stands for QAM modulation 
 AF0 stands for ASK and FSK modulation 
 AFP stands for ASK, FSK, and PSK modulation 
 AM0 stands for amplitude modulation 
 AFM stands for ASK and FM modulation 
 FFM stands for FSK and FM modulation 
Z S stands for SIP package 
 D stands for DIP package 
 M stands for surface mount package 
T A stands for 1.125 inches width by 0.75 inches height 
 B stands for 2 inches width by 0.75 inches height 
WW 2 digit number representing number of input and output pins in the package 
VVV 3 character series code 
U 1 character feature code 
 
Notes:  
 
1.    T Field:  For SIP package width is side with connector 
2. BBB and C Fields are used together: Some example values are  
   315M 
   433M 
   868M 
   915M 
   2D5G 
   5D8G 
 

GAABBBC-XX-YYYZWWT-VVVU 
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Examples 
 
The part number GTX315M-3V-A00S06A-M27A corresponds to a WyJen Technologies 
transmitter, 315 mega Hertz operating frequency, that requires a 3.3 volt power supply, 
uses amplitude shift keying modulation with a 6 pin SIP package, series M27 transmitter, 
with version A features.  The dimensions of the package are 1.125 width x 0.75 by 
height. 
 

The part number GTX2D5G-3V-F00S12B-M08B corresponds to a WyJen Technologies 
transmitter, 2.5 Giga Hertz operating frequency, that requires a 3.3 volt power supply, 
uses frequency shift keying modulation with a 12 pin SIP package, series M08 receiver, 
with version B features.  The dimensions of the package are 2 width x 0.75 by height. 
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6. Antenna Design 

 
Antennas are simply electrical conductors that radiate electrical energy into space. The 
simplest antenna is a piece of wire.  Two common antennas are 1.) vertical antenna, and 
2.) horizontal antennas.  Antennas are connected to the radio frequency (rf) output of a 
transmitter and the radio frequency input of a receiver.  The output impedance of the 
transmitter or the input impedance of the receiver should match the impedance of the 
antenna for maximum transmission and maximum reception, respectively. 
 
If a vertical antenna is used the wire should have a length of about �  the carrier 
frequency wavelength.  A vertical antenna is simply a wire that is vertical.  The 
wavelength, l  ,is computed by  
 

./ fc=l          Eq. 1 
 
The length of the antenna, L, should be  
 

( )l4
1=L .           Eq. 2 

 
If a horizontal antenna is used the wire should have a length of about ½ the carrier 
frequency wavelength.  A horizontal antenna is simply a wire that is horizontal.  The 
wavelength, l  ,is computed by  
 

./ fc=l          Eq. 1 
 
The length of the antenna, L, should be  
 

( )l4
1=L .           Eq. 2 
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7. Wyjen Transmitter  and Receiver  Exper iments 
 
The goal of this Chapter is to help you become more familiar with a simple wireless 
communication system.  First you will learn how to test a wireless transmitter and 
receiver module followed by several experiments. 
 

7.1. Testing the GTX315M-3V-A00S06A-M27A Transmitter  and GRX315M-
3V-A00S12B-M07A Receiver  or  GTX433M-3V-A00S06A-M27A 

Transmitter  and GRX433M-3V-A00S12B-M07A Receiver  modules 
The GTX315M-3V-A00S06A-M27A is an ASK transmitter with a 315MHz carrier 
frequency while the GRX315M-3V-A00S12B-M07A is an ASK receiver.  The two 
devices can operate together to make a complete simplex wireless ASK system.  The 
GTX433M-3V-A00S06A-M27A transmitter and GRX433M-3V-A00S12B-M07A 
receiver are the same type of pair but operate at the 433MHz carrier frequency.  These 
devices also require a 3.3V supply voltage and 3.3V interfacing signals.  The procedure 
for testing these devices are given next. 
 

7.1.1. Procedure for  Testing the 315/433MHz Transmitter  and 
Receiver  Pair  

The procedure for testing the GTX315M-3V-A00S06A-M27A transmitter and 
GRX315M-3V-A00S12B-M07A receiver pair is the same for testing the GTX433M-3V-
A00S06A-M27A transmitter and GRX433M-3V-A00S12B-M07A receiver pair.  The 
procedure is listed as follows: 
 

1. Acquire the necessary test equipment listed in Table 7.1.   
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Table 7.1.  Equipment and Electronic part list for the WyJen transmitter and receiver 
testing. 

Equipment/Component Quantity Function Descr iption 
Transmitter: GTX315M-
3V-A00S06A-M27A or 
GTX433M-3V-A00S06A-
M27A 

1 TX 315MHz Transmitter, 3.3V, www.wyjen.com  
 

Receiver: GRX315M-3V-
A00S12B-M07A or 
GRX433M-3V-A00S12B-
M07A 

1 RX 315MHz Receiver, 3.3V, www.wyjen.com  

Function Generator 1 Signal Generation Function generator for 3.3V square wave with 
1.65V offset 

Oscilloscope 1 Waveform 
measurement 

Oscilloscope to measure transmitted and 
received data signal 

Power Supply 1 3.3V Supply 3.3V source for transmitter and receiver test 
circuit 
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2. Build the transmitter/receiver test circuit shown in Figure 7.1.  It is recommended 
that two different circuits boards be used, one for the transmitter circuit and one 
for the receiver circuit.  This will allow the transmitter and receiver to be 
separated various distances apart if needed. 

 
3. Now setup the function generator to output a test waveform which is a square 

wave with 3.3V peak-to-peak and with a 1.65V offset.  This mimicks 3.3V digital 
data (with amplitudes between 0V to 3.3V, also called unipolar Non Zero Return 
or UNRZ) which is what the WyJen transmitter wants to see.  Set the frequency to 
500 Hz.  The square waveform now represents a serial bit stream with a 1000bps 
data rate (fb=2f, where fb is the data rate and f is the frequency of the function 
generator, i.e, fb =2*500=1000bps).  Separate the transmitter and receiver circuits 
by a distance of about 1 foot.  The Wyjen transmitter module, GTX315M-3V-
A00S06A-M27A or GTX433M-3V-A00S06A-M27A, can transmit digital data at 
rates up to 100,000 bps.  The Wyjen receiver module GRX315M-3V-A00S12B-
M07A or GRX433M-3V-A00S12B-M07A can receive at rates up to 10,000bps.  
Thus, the bit rate of this wireless communication system is limited by the receiver 
at 10,000bps. 

 
4. Now, using the oscilloscope, compare the transmitted waveform (function 

generator output) to the received waveform (receiver data output).  Compare their 
amplitudes and frequencies.  What similarities or differences do you see.  Do you 
see any noise, etc.  Demonstrate your results to the instructor.  Make sure that the 
oscilloscope displays the frequency and amplitude measurements.  Save and print 
the waveform for your records and your report. 

 
5. Now repeat steps 3 to 4 using the following bit rates: 1000bps, 2000bps, 3000bps, 

7000bps, 10000bps, 12000bps, 14000bps, and 20000bps. 
 

6. If a spectrum analyzer is available measure the output of the transmitter module 
using one of the bit rates above.  Determine the amplitudes and frequencies of the 
highs and valleys in the spectrum.  Save and print your results.  

 
7. Have your instructor sign off your work: 

 
Instructor________________________________Date________________________ 
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Figure 7.1.  WyJen 3.3V 315/433 MHz transmitter and receiver pair test circuit. 
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7.2. A Simple Simplex Communication System using a 315/433MHz 
Transmitter  and Receiver  Module Pair   

The procedure for construction a simple communication system is given next. 
7.2.1.  Prepar ing digital data for  wireless transmission - from txuar t 

to transmitter  
1. Acquire the necessary equipment and components for the experiment which are 

listed in Table 7.1.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Table 7.2.  Equipment and Electronic part list for the WyJen transmitter and receiver 
testing. 
 

Part Quantity Ref designator  Descr iption 
Transmitter: GTX315M-
3V-A00S06A-M27A or 
GTX433M-3V-A00S06A-
M27A 

1 TX 315MHz Transmitter, 3.3V, www.wyjen.com  
 

Receiver: GRX315M-3V-
A00S12B-M07A or 
GRX433M-3V-A00S12B-
M07A 

1 RX 315MHz Receiver, 3.3V, www.wyjen.com  

MM74HC244 or 
SN74LVC244AN 

2 IC1 5V to 3.3V converter/buffer, www.digikey.com  
or Devry Lab 

TPS7133QP (Digikey) 3 IC2 3.3V Voltage Regulator,  
PLD Platform 2 PLD Serial data generation, DeVry ESOC or Altera 
Oscilloscope 1 Oscilloscope Oscilloscope to measure transmitted and 

received data signal 
Power Supply 1 Power 3.3V source for transmitter and receiver test 

circuit 
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2. Open Max Plus II or Quartus.  Open the TXUART file.  Make a symbol for the 
TXUART circuit.  Exit the circuit and create a new project called top.gdf  This is 
the txuart portion of the complete digital circuit shown in Figure 7.2.  Now, insert 
the txuart symbol into this project.  Verify that the device assigned to the design is 
the EMP7128SLC or an equivalent pin compatible PLD device  Assign pins to the 
TXUART main inputs and outputs.  Assign switches to the TXUART D inputs.  
These switches will be used to set the bits in the serial data.  Also, assign a pin to 
the ser ial data output and the main clock input.  The other inputs and outputs 
are not important at this time and do not require a pin assignment.  Now compile 
the program.  

 
 
 
 
 

 
 
 

Figure 7.2.  txuart and rxuart completed digital circuit. 
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3.  Now, program the PLD with the top.gdf digital circuit.  Make sure that the Byte 

Blaster cable is selected before attempting to program the PLD. 
 

4. Now use an oscilloscope to measure the serial data output.  Set the serial data to 
alternating zeros and ones.  Measure the output using 3 different bit rates by 
selecting the appropriate counter output clock.  Observe the stop and start bits.  
How many stop bits are displayed? ___________________ How many star t bits 
are displayed? _________________  How can you change the number of stop 
bits? Please explain: 
__________________________________________________________________
__________________________________________________________________
__________________________________________________________________
__________________________________________________________________                   
Save and print your results.  Indicate the start, data, and stop bits using a pencil. 
Indicate on the print out what each bit is: Start, D7, D6, D5, D4, D3, D2, D1, D0, 
Stop1, Stop1, etc.  Do this for one period of the data on the print out. 

 
5.   Now select two desire serial data bit patterns using the switches and measure, 

save, and print each showing the stop and start bits using a pencil.  Show which 
data bits are the MSB (D7) and LSB(D0). 

 
 

6. Open Max Plus II or Quartus.  Open the RXUART file.  Make a symbol for the 
RXUART circuit.  Now, insert the rxuart symbol into top.gdf.  Assign pins to the 
RXUART’s main inputs and outputs.  Assign the bit rate clock used for the 
TXUART to the RXUART’s bit rate input.  Assign the 8 data outputs of the 
RXUART to 8 LEDs on the PLD platform.  The other inputs and outputs are not 
important at this time and do not require a pin assignment.  Now compile the 
design and program it into the PLD again with the updated design file top.gdf.  
The digital circuit should now be complete and is shown in Figure 7.2. 

 

7. Have your instructor sign this part off: 
 

Instructor_______________________________ Date _________________________ 
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7.2.2. Sending data from the txuar t to a transmitter  and over  a 
wireless link to a receiver  and the rxuar t 

This section continues from the previous section: 
8. Construct the analog/digital circuits shown in Figure 7.1 to interface the 3.3V 

transmitter and 3.3V receiver to the 5V PLD.  When a 5V chip drives or sink a 3.3 
chip a translator chip is commonly used to match the voltage and current levels 
between the two different circuits.  In this case, a 5V to 3.3V buffer translator 
chip. SN74LVC244AN or MM74HC244 is required between the transmitter  
ser ial data input and the PLD and between the PLD and the receiver  ser ial data 
output.   

 
9. Use the switches to send the following bit patterns: A, B, C, D, E, and F, in Table 

7.3 over the from the transmitter to the receiver (over a wireless link) using the 
indicated bit rate.  Observe the LEDs and write down the LEDs that are off/on.  
Are the LEDs consistently on or off or blinking on and off. 

 
Bit patter number Bit Rate Bit Pattern 

The MSB is to 
the far left  

Observed LED pattern, put MSB 
to far left 

A 61.035bps 10101010  
B 488.28kbps 11001100  
C 976.56kbps 00110011  
D 7.8125kbps 10010010  
E 15.625kbps 00010000  
F 15.625kbps 11111111  

Table 7.3.  Bit patterns to send over wireless link. 

 
10. What is the WyJen transmitter Baud rate for each bit pattern given in Table 7.3.  

Record these in the Table below: 
 
Bit Pattern from Table 7.3 Bit Rate Baud Rate 
A 61.035bps  
B 488.28kbps  
C 976.56kbps  
D 7.8125kbps  
E 15.625kbps  
F 15.625kbps  

Table 7.4.  Baud Rate vs. bit rate of the WyJen ASK transmitter. 

 
11. Demonstrate and have your instructor sign off on your results: 

 

Instructor___________________________________ Date ________________________ 
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A. MM74HC244 or SN74LVC244AN pin configuration.  The pin configuration of the 
MM74HC244 is compatible to that of the SN74LVC244AN.  Shown below is the PDIP 
package, or N package, for the SN74LVC244A. The complete part number is 
SN74LVC244AN.   
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
B.  SN74LVC244A  truth table. 
 
Inputs Output 
OE                                     A Y 
L                                        H H 
L                                        L L 
H                                        X Z 
 
 
 

Figure 7.3.  A.)  Pin configuration and B.)  truth table,  for the SN74LVC244AN or MM74HC244 DIP 
package. 

 

  
1 
 
 
2 
 
 
3 
 
 
4 
 
 
5 
 
6 
 
 
7 
 
 
8 
 
 
9 
 
10 

20 
 
 
19 
 
 
18 
 
 
17 
 
 
16 
 
15 
 
 
14 
 
 
13 
 
 
12 
 
11 

SN74LVC244AN 

OE2

CCV

11Y

42 A

31Y

41Y

22 A

12 A

32 A

 

21Y

11A

OE1

42Y

 
21A

32Y

 
31A

22Y

 
41A

12Y

GND

 



Wireless Projects, Version 7.5.3 - DEVRY     Page 90 3/13/2006 
 

 90

 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 7.4.  WyJen 3.3V 315/433 MHz transmitter and receiver pair test circuit. 
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8. Project Expectations 
This section discusses several projects, but before considering a project is very important 
that you are organized and have duties and expected accomplishment dates set.  So the 
next few sections will discuss what is expected from you during and at the completion of 
your project.  In general you will have project deliverables and a project schedule. 
 
 

8.1. Project Deliverables 
The deliverables are due at the end of the term for a total of 100 points.  These are listed 
below as follows: 
 
1. Oral Presentation (50 points): TBA. You must be present to receive credit for the 
project.   
2. Trouble Shooting Manual 

a. Cover page – Title Trouble shooting manual. Must be 1 page. 
b. Number and list possible problems and corresponding solution to each 

problem using the following format: 
Problem 
Solution 
Must be at least 1 page. 

3. Project Report (50 points - includes trouble shooting manual) 
b. Cover page – shows Title (Industrial Controls Robotic Project: ESOC-

bot), date, professor, list individual team members showing duties 
performed. Must be 1 page. 

c. Table of Contents. Must be a least 1 page. 
d. Introduction – Must give brief overview of project.  Show main 

diagrams. Must be 1 –2 pages. 
e. Body of Report. Must discuss each section of the robot (1. Each sensor 

used, 2. Platform used, 3. Servomotor/motors used, 4. the remote 
control, 5. VHDL code and simulation results, etc.) using a heading for 
each section. Must be at least 7 pages. 

f. Conclusion.  Must summarize main points. Must be a maximum of 1 
page. 

g. Appendix –Contains all Data Sheets, VHDL code, Schematics, etc. 
Notes: 

1. All pages must be numbered - except cover page 
2. All Figures must be clear (text readable, graphics must look professional) and 

numbered, e.g., Figure 1. 
3. Use size 12 or 10 for all fonts including headings. 
4. Each section of the report must have a separate heading that stands off from the 

rest of the text following it. 
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8.2. Project Schedules 
You will be expected meet certain major deadlines during the duration, development, and 
completion of your project.  When these deadlines are mapped to dates it is called a 
project development schedule.  At the end of the project you will be given a time slot to 
discuss your project accomplishments. 
 

8.2.1. Tentative Development Schedule 
The tentative schedule for developing the ESOC –bot is shown in Table 8.1. You must 
try to follow it. 
 
Week  Things to do 
Week 1,2,3 Get ideas and teams together, assignment 

of a leader 
Week 4,5 Highlevel layout of robot complete. 

Devices selected (e.g., sensors, 
communication, etc.), start getting parts,  
platform selected, assignment of job duties, 
analog designer, digital designer, 
programmer, project report, power point 
presentation, weekly status reports due(sign 
off required) 

Week 6,7  Parts Due, platform complete, batteries 
acquired (or substitute power source), 
weekly status reports due (sign off 
required) 

Week 7-12 Test all circuits, sensors, etc. weekly status 
reports due (sign off required) 

Week 7-10 VHDL code simulation, weekly status 
reports due (sign off required) 

Week 9-13  Assemble robot and integrate all circuits, 
sensors, etc., working with VHDL code, 
weekly status reports due (sign off 
required) 

Week 14 Power point presentations and written reports due 

 

Table 8.1.  Tentative schedule. 
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8.2.2. Oral Presentation Schedule 

The class projects are split into groups.  These groups and their corresponding oral 
presentation time slots will be assigned as listed in Table 8.2. 

Time Slot Number  and Time of Oral 
Presentations  

Group Number  

Time Slot 1 Group 1 
Time Slot 2 Group 2 
Time Slot 3 Group 3 
Time Slot 4 Group 4 
Time Slot 5 Group 5 
. . 
. . 

 

 
 
 

Table 8.2  Oral presentation schedule. 
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9. Control Electronics and Robotics 

The following sections present designs on how to build a mobile robot using control 
electronics. 

9.1. Project 1: Robotic vision and direction determination using photoelectr ic 
and Hall effect sensors 

Project 1 consists of at least two light sensors/light emitters(LEDs) for the robot’s vision 
and a digital magnetic compass for the robot’s orientation (see Figure 1).  The light 
sensors can be obtained from Lynxmotion or the DeVry electronic supply room, etc.  The 
light sensors are photoresistors while the light emitters are LEDs.  The light sensors 
operate as a switch when the correct voltage is applied.  When the LED is on the 
photoresistor (switch) turns on, otherwise, the photoresistor is off.  Black tape can be 
used to test the light sensor.  It does not reflect the LED light, therefore, no infrared light 
is returned to the phototransistor. 
 
This ESOC-bot can perform several tasks: 

Task 1: Go north, south, east, or west at the command of 
the controller using the magnetic compass sensor. 
Task 2: Follow or track black tape on the floor using 
photoresistors. 
Task 3: Follow/track a light source using photoresistors. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 9.1.  Project 1 of the ESOC bot.  L1 is light sensor 1 (on the left), .  L3 is light sensor 3 
(center), .  and L2 is light sensor 2 (on the right). 
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9.1.1. Project 1 Electronic Par ts L ist 

The electronic part list for Project 1 is shown below. 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 

 

Table 9.1.  Electronic part list for Project 1. 

Par t Quantity Ref designator  Descr iption 
Resistor, 100K ohms photo 2 R1, R3 Input: Light 

Output: Resistance 
In the dark the output resistance is typically from 
100K to 1M, this becomes very low when the 
photoresistor is exposed to light. 
 

Resistor, 1K ohms 2 R2, R4 Resistor 
Resistor, 10K ohms 6 R5, R6, and R7, R8, 

R9, R10 
Resistor 

Capacitor, 470PF 2 C1, C2 Capacitor 
Capacitor, 33uF 2 C3, C4 Capacitor 
Altera CPLD, 
EPM7128SLC84-6 

1 CPLD, IC1 Devry ESOC board, Controller 

Altera CPLD, FLEX10K20 
or FLEX10K70 

optional CPLD, IC1 Altera UP1 or UPX board 

A/D converter, ADC0838 1 IC2 8 channel input, analog to digital converter, 
serial output 

A/D converter, ADC0804 2 Optional: IC2, IC4  1 analog input to 8-bit parallel data output 
analog to digital converter (simpliest 
implementation) 

Magnetic Compass, 
Dinsmore model 1490 

1 IC3 Magnetic compass, 4 bit, active low digital 
outputs 

High Tech servo motors, 
HS300 (Futaba S3003, or 
Tower TS53J) 

2 servo1, servo2 Servomotors (must be modified for continuous 
rotation) 

Platform I 1 Platform I Platform I uses two servo motors, a caster wheel, 
etc.  
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9.1.2. Project 1 Schematic 

The schematic for Project 1 is shown below. 
 
 

 
 
 
 
 
 
 
 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 9.2 Schematic page I using 2 or more A/D converters:  Schematic of Project 1, photo sensor input circuitry.  Two 1 channel 
analog to digital converters are used here.  The ADC0803 has 1 analog input channel and an 8 bit parallel output bit stream.  
Therefore, one analog sensor can be used with each A/D.  The digital data sent to the CPLD over 8 wires.  This is not very convenient 
when CPLD pins are scarce.  However, it is easier to implement relative to VHDL coding in the CPLD. 
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Figure 9.3 Schematic page I using one A/D converter:  Schematic of Project 1, photo sensor 
input circuitry.  An 8 channel analog to digital converter is used here.  The ADC0838 has 8 
analog input channel and a serial output bit stream.  Therefore, up to 8 analog sensors can be 
used with the digital data sent to the CPLD over one wire.  This is convenient when CPLD pins 
are scarce. 
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Figure 9.4.  Schematic page 2: ESOC CPLD pin configuration and interfacing circuitry using the schematic 
I (using ADC0804 A/D converters) in Figure.  Use 10K pull-up resistors for the Dinsmore 1490 compass. 
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9.2. Project 2: Object avoidance and direction using proximity and Hall effect 
sensors  

The second variation of the mobile robot uses a proximity distance sensor (Sharp 
GPD2D02) to determine the distance from an object (see Figure 4) and a digital magnetic 
compass to determine the robot’s orientation.  No A/D is required since the output of the 
both sensors are digital.  
 
This ESOC-bot performs two main tasks:  

Task 1: Go north, south, east, or west at using the direction specified by input 
switches, task 1, task 2, task 3. 
Task 2: Determine the closeness of objects and avoid them using an IF proximity 
sensor. 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 9.5.  Project 2 of the ESOC bot.  IF1 is the infrared proximity sensor while LED1 and LED2 are 
infrared LEDs. 
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9.2.1. Project 2 Electronic Par ts L ist 
The electronic part list for Project 2 is shown below. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 

Table 9.2.  Electronic part list for ESOC-bot Project 2. 

Par t Quantity Ref designator  Descr iption 
Radio Shack or IR receiver 
module 276-640, IF 
Detector module, 276-137B 
(obsolete). 

1 IF1 Infrared modulated detector 
module, bandpass center 
frequency=38,000Hz; 
Vccif=4.3 to 5.7 volts; peak 
wavelength = 940nm; 
Vout=0.5 to 4.2 volts 
 

LED, 276-143C, Radio 
Shack 

2 IFLED1, IFLED2 Infrared light emitting diode 

Altera CPLD, 
EPM7128SLC84-6 

1 CPLD, IC1 Devry ESOC board, 
Controller 

Altera CPLD, FLEX10K20 
or FLEX10K70 

optional CPLD, IC1 Altera UP1 or UPX board 

Magnetic Compass, 
Dinsmore model 1490 

1 IC3 Magnetic compass, 4 bit, 
active low digital outputs 

High Tech servos - HS300 
(Futaba S3003, or Tower 
TS53J) 

2 servo1, servo2 servomotors 

Platform I 1 Platform I Platform 1 uses two servo 
motors, a caster wheel, etc.   

Resistor, 1000 ohms 1 R1 1 Watt resistor 
Resistor, 180 ohms 2 R2, R3 1 Watt resistor 
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9.2.2. Project 2 Schematic 
The schematic for Project 2 is shown below. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 

 
 
 
 

Figure 9.6 Schematic of Project 2, photo sensor input circuitry.  The 
A/D is optional – may use for additional analog output sensors. 
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Figure 9.7.  ESOC CPLD pin configuration and interfacing circuitry.  Note: See 
Project 2 schematic to complete the Dinsmore 1490 circuitry. 
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10. Communication Electronics and Robotics 
The following sections present descriptions, scenarios, components, etc. for building a 
mobile robot using communication electronics. 
 

10.1. Project 3: Remote Control of the ESOC bot - Sending 8 bit commands 
over  a wireless channel  

This project deals with sending 8 bit commands over a wireless digital transmission link 
to control a mobile robot and its sensors: compass and your choice of another sensor.  
The description, task, and procedure of the project are discussed next. It uses a WyJen 
Technologies (www.wyjen.com) transmitter and receiver to perform the wireless 
transmission. 
 

10.1.1. Project 3 Basic Requirements 
This mobile robot must meet the following requirements:  

Requirement 1: The robot must respond to manual control commands.  This is called 
manual mode.  The manual control resides on the robot platform in the form of 
switches.  These commands must include the following: 1.) turn left, 2.) turn right, 3.) 
go forward, 4.) go backward, and 5.) stop.  
Requirement 2: The receive robot must perform the commands in requirement 1 in 
remote control mode.  In remote control mode a transmitter must send 8 bit 
commands which cause the robot to perform the commands in requirement 1.  
Requirement 3: The manual and remote control modes must select between sensor 
mode 1 or sensor mode 2, etc.  If sensor 1 is a compass sensor, then if sensor mode 1 
is selected the robot responds to the compass sensor.   The robot must then go in the 
direction specified by the manual control (north, south, east, west, etc. ).  For 
example, if manual control specifies go in the direction north, the robot must turn 
until the north heading is found.  When found the robot goes forward in the specified 
direction.  More detailed information about this requirement can be found in section 
3.9 on page 64. 
Requirement 4:  The project must use a wireless WyJen Technologies 
(www.wyjen.com) transmitter and receiver module. 
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10.1.2. Project 3 Descr iption 

This project takes an eight parallel bit command, converts it to serial, then sends it to a 
transmitter, which sends the commands over a wireless link to a receiver and 
corresponding sensor controlled robot.  These commands are then used to control the 
mobile robot and its sensors.  A compass sensor can also be included to give the robot a 
sense of direction.  The compass sensor has four digital outputs that can be interfaced 
directly to the ESOC board in the transmitting unit.  The transmitter sends the messages 
over a wireless communication channel to the receiver.  The receiver decodes the 
message and determines the task for the robot to perform.  The transmitter unit consists of 
an ESOC board and a transmitter.  The ESOC board interfaces to the PC as shown in 
Figure 10.1.  The main function of the ESOC board in the transmit unit is to convert 
parallel data from a computer, or the ESOC board itself, to serial data.  The receiver unit 
consists of another ESOC board as shown in Figure 10.2.  The main components of the 
receiver unit are the ESOC board and a receiver.  The ESOC board in the receive unit 
receives the asynchronous serial digital message, decodes it, and responds by sending the 
appropriate frequencies to the servo motors or sensors.  If the servo motors are selected 
the eight commands cause square waveforms of different pulse widths, and thus different 
frequencies, to be sent to the servo motors (left and right).  These waveforms cause the 
servos to turn clockwise, counter clockwise, or stop depending on the pulse width of the 
waveform sent to each servo motor.  Servos typically use a pulse width modulated 
(PWM)  waveform to cause it to turn clockwise, counter clockwise, or to be neutral 
(stop).  Sending waveforms of different frequencies to a servo motor is seen by the servo 
motor to be PWM like and thus the motors respond similarly.  The waveforms are square 
waveforms which have a constant pulse width.  Square waves of different frequencies are 
selected by using a multiplexor and a counter in the receiving robot’s digital circuitry. 
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Figure 10.1.  Transmit ESOC. 
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Figure 10.2.  Receiving ESOC bot. 
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10.1.3. Tentative Development Schedule 
The tentative schedule for developing the ESOC –bot is shown in Table 8.1. You must 
try to follow it. 
 
Week  Things to do 
Week 1,2,3 Get ideas and teams together 
Week 4,5 Highlevel Layout of robot complete. 

Devices selected (e.g., sensors, 
communication, etc.), start getting parts,  
platform selected, who will be doing what 
(sign off required) 

Week 6,7  Parts Due, platform complete, batteries 
acquired (or substitute power source) (sign 
off required) 

Week 7-12 Test all circuits, sensors, etc. (sign off 
required) 

Week 7-10 VHDL code simulation (sign off required) 
Week 9-13  Assemble robot and integrate all circuits, 

sensors, etc., working with VHDL code 
(sign off required) 

Week 14 Oral presentations and reports due 
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10.1.4. Project 3 Electronic Par ts L ist 

The electronic part list for Project 3 is given in Table 10.1 below. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Table 10.1.  Electronic part list for Project 3. 
 

Par t Quantity Ref designator  Descr iption 
LED, 276-143C, Radio 
Shack 

2 IFLED1, IFLED2 Infrared light emitting diode 

Altera CPLD, 
EPM7128SLC84-6 

2 CPLD, IC1 Devry ESOC board, Controller 

Altera CPLD, FLEX10K20 
or FLEX10K70: optional 

2 CPLD, IC1 Altera UP1 or UPX board 

Magnetic Compass, 
Dinsmore model 1490 

1 IC2 Magnetic compass, 4 bit, active low digital 
outputs 

Futaba servos S3003 
(Tower TS53J), or High 
Tech servos HS300 

2 servo1, servo2 Servo motors, www.towerhobbies.com 
 

Platform I 1 Platform I Platform 1 uses two servo motors, a caster 
wheel, etc.  See Figure 10.12 on page 31 

Resistor, 1000 ohms 1 R1 1 Watt resistor 
Resistor, 180 ohms 2 R2, R3 1 Watt resistor 
Transmitter Module - 
GTX433M-3V-A00S06A-
M30-1, etc. 

1 TX ASK modulation, WyJen Technologies, 
www.wyjen.com 
 

Receiver Module - 
GRX433M-3V-A00S06A-
M30-1, etc. 

1 RX ASK modulation, WyJen Technologies, 
www.wyjen.com 
 

Circuit board 3 CB1, CB2, and CB3 Circuit board for TX, RX, and compass 
circuit. 

1.5V AA Batteries 4 Battery Two for transmitter and two for receiver 
supply voltages 

MAX8510 2 IC3 Optional 3.3 V regulator, One for 
transmitter and One for receiver supply 
voltages 

TPS7133QP (Digikey) 3 IC3 Optional 3.3 V regulator, One for 
transmitter and 

20 gauge solid wire, Radio 
Shack part 278-1222 

  Black, red, green. Wire for connecting 
various electronic parts and components 

20 gauge solid wire   Need other colors such as white, blue, 
yellow, etc.  Wire for connecting various 
electronic parts and components 
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10.1.5. Project 3 Procedure  
For the steps below save all Altera and VHDL files in the same directory.  Preferably a 
directory called work.  Follow the steps below to complete this project: 
 

1.  Acquire all the necessary parts for constructing the electronic portion of project 3.  
Most of these parts are listed in Table 10.1.  Also see Section 21 on page 191 for more 
information on purchasing the various parts. 
 
2.  Modify the servo motors for continuous rotation by a.) clipping or removing the 
potentiometer, b.) clipping away the stopper. 
 
3. Test the servo motors using the ESOC’s 4Mhz on board clock.  This clock frequency 
must be divided down below 1000 Hz for proper operation of the servos. A divide by 216 
counter can achieve this.  The VHDL code for a divide by 216 (mod65536) counter is 
given in Section 3.6.2 on page 39.  Send the last six outputs of the counter to the output 
ports as shown in Figure 10.3.  Connect each of these outputs to the signal input of the 
servo motor.  The ground wire of the servo must be grounded to the ESOC board’s 
ground.  Similarly, the power supply wire of the servo must be connected to the ESOC 
board’s VCC.  Record the outputs and their respective frequencies that cause the servo to 
turn clockwise (forward), counterclockwise (reverse), and stop.  This information may be 
unique for each servo and must be recorded separately for each servo motor.  Use Table 
10.2 and Table 10.3 below to record the effect of each output from the counter on the 
servos.  Put a check mark in the column labeled slow speed, medium speed, fast speed.  
Slow speed is when the servo turns very slow.  Fast speed is the highest speed the servo 
will go.  Medium speed is somewhere in between.  You have to use your best judgement 
on what is a slow, medium, or fast speed. 

 
Figure 10.3.  Digital test circuit for a servo motor using a mod65536 counter to divide down a 4MHz clock 
signal.  The output ports for q10, q11, q12, q13, q14, and q15 are individually connected to the signal input 
of the servo motor.  This is a graphic design file from the Altera MAX PLUS II software. 
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Left Servo Clock Frequency (Speed Characteristics and rotation direction) 
Counter 
Output 

Frequency Slow 
Speed 

Medium 
Speed 

Fast 
Speed 

Forward Reverse 

Q10       
Q11       
Q12       
Q13       
Q14       
Q15       
 

Table 10.2.  Left Servo clock frequency verses speed and rotation direction. 

 
Right Servo Clock Frequency vs (Speed Characteristics and rotation direction) 
Counter 
Output 

Frequency Slow 
Speed 

Medium 
Speed 

Fast 
Speed 

Forward Reverse 

Q10       
Q11       
Q12       
Q13       
Q14       
Q15       
 

Table 10.3. Right Servo clock frequency verses speed and rotation direction. 

 
Before you begin recording the servo clock frequency verse speed and rotation direction 
in Table 11.4 and Table 11.5 the servos should be identified by a label as the right servo 
and the left servo.  The servos should be positioned as shown in Figure 10.4.  The shaft 
and tire of the servos should be pointed in opposite directions as shown. 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 10.4.  Position of left servo relative to right servo. 

 

Left Servo Right Servo 

Right 
tire, 
etc 

Left 
tire, 
etc 
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It should be noted that clockwise is forward and counter clockwise is reverse.  While 
each servo is positioned differently, the robot will go forward when both servos are going 
forward.  The robot will go backward or reverse when both servos are in reverse.  The 
robot will turn left when the left servo is stopped and the right servo is in forward and the 
robot will turn right when the right servo is stopped and the left servo is forward.  For the 
robot to turn left in place the left servo needs to be in reverse and the right servo need to 
be in forward and for the robot to turn right in place the left servo needs to be in forward 
while the right servo needs to be in reverse.  Keep in mind that when the robot is moving 
forward the left servos and the right servo are actually going in opposite directions.  This 
is because they are positioned on opposite sides of the robot as well as faced in opposite 
directions. 
 
4.  Write the VHDL code that converts parallel data (8 data bits) to serial data.  This data 
must be in standard UART format.  Standard UART requires 1 start bit, 8 data bits, and 2 
stop bits.  The details of this is given in Section 3.6 on page 32.  Copy and compile the 
code in this section.  The VHDL code for the mod11 counter must be written by you.  
Connect the various VHDL files and symbols as shown in Section 3.6.  Then name this 
graphic design file TXUART.gdf.  Program the ESOC board using this design and verify 
the TXUART digital serial data at an output port using an oscilloscope. 
 
5.  Test the transmitter and receiver modules as shown in Figure 10.5.  That is, 
breadboard the circuit as shown in Figure 10.5.  Consult your manufacturer’s data sheet 
to connect all other inputs and outputs as required.  For example, make sure the ground 
and power pins are connected as specified.  Assuming that the TX and RX modules are 
wired for proper operation, now connect the output of the TXUART from the ESOC 
completed in procedure 4 to the transmitter module as shown.  The antenna out of the TX 
module should be connected to the antenna input of the RX module using a short piece of 
wire.  The ESCO, TX, and RX should share the same ground reference.  Use channel A 
of an oscilloscope to measure the output of the TXUART.  Now use channel B of the 
same oscilloscope to measure the digital output of the RX.  The data in channel A should 
match the data on channel B.  If not, then check that the circuit is wire correctly.  If all 
else fail, the TX or RX must be bad.  Consult the distributor or manufacturer for a 
replacement. 
 
6.  Copy and compile the VHDL modules given in Section 3.7 on page 42 for the 
RXUART.  Save this graphic design file as RXUART.gdf.  This module will be used to 
convert the digital data at the output of the RX module back to 8 bit parallel data.  The 
RXUART module consists of five main components and modules: 

a.) JK flip flop 
b.) clock generator 
c.) serial in parallel out (SIPO) register 
d.) parallel in parallel out (PIPO) register 
e.) one shot 

 
After these modules have been successfully compiled in the graphic editor.  Create a 
default symbol from this design.   
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7.Open a new graphic design file.  Name this graphic design file robottop.gdf.  
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 10.5.  Test circuit for TX and RX. 
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8.  In the graphic design file robottop.gdf enter the following symbols: 

a.) rxuart 
b.) servo_control 
c.) count65536 

 
Now, construct the circuit shown in Figure 10.6.  You must assign the frequencies 
determined in step 3 to the servo control module.  For this particular design, w14 causes 
the left servo to turn clockwise, w13 causes the left servo to turn counterclock wise, w13 
causes the right servo to turn clockwise, and w15 causes the right servo to turn 
counterclock wise.  This will be different for each servo which may depend on the servo 
modification and the potentiometer position, etc.  Assign pins to the serial data input 
(serialdata), clock input (clk_4Mhz), left servo output (lservo), and right servo output 
(rservo) signals.  Compile and program the ESOC PLD with this design.   
 

 
 
 

Figure 10.6.  Test circuit for rxuart and servo_control. 

 
9.  Program the TX ESOC with the TXUART and the RX ESOC with the RXUART, 
SERVOCONTROL, COUNT65536 (use the design in Figure 10.6). Connect the TX 
ESOC directly to the RX ESOC without the TX and RX as shown in Figure 10.8.  That 
is, connect a wire from the output of the TXART to the input of the serial data of the 
RXUART.  Make sure both ESOCs share the same ground.  Send various commands to 
RX ESOC using the switches on the TX ESOC.  The TXUART clk must be the same 
as the RXUART clk for  this to work.  For example, if the TXUART clk is connected to 
q12 from the count65536, then the RXUART clk must also connect to q12 from 
count65536.  The input clock to the count65536 counter in TXUART and RXUART is 
the same clock speed.  The commands should be decoded correctly by the RXUART and 
thus the servos should respond as commanded.  If a left turn command is sent the servo 
should turn left.  If a right turn command is sent the servo should turn right, and so on.  If 
this step is not successful debug the code as required until the correct results are 
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achieved.  Verify all parts of the design using simulation before performing this test 
again.  See Figure 10.11 for examples of the pin assignments for the servos, etc.  If the 
servos are not yet available test the asynchronous serial to parallel conversion using 
LEDs as outputs as shown in Figure 10.7 using the setup in Figure 10.9.  That is, program 
the RX ESOC with the design shown in Figure 10.7 instead of the design shown in 
Figure 10.6. 
 
10.  If step 9 is successful, perform the same procedure as given in step 9, but using the 
wireless link as shown in Figure 10.10.  That is, include the TX and RX in the test. 
 

 
Figure 10.7.  Test circuit for rxuart and servo_control using LEDs. 
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Figure 10.8.  Test circuit for TX ESOC, RX ESOC, left and right servos, and robot platform. 

 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 

Figure 10.9.  Test circuit for TX ESOC and RX ESOC. 
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Figure 10.10.  Test circuit for TX ESOC, RX ESOC, TX, RX, left and right servos, and robot platform. 

 
11.  Complete the project as shown in Figure 10.11 by including the compass sensor.  
The VHDL code for the compass sensor can be obtained from Section 3.9 on page 64.  
This left as an exercise for the student to complete. 
 
12.  Acquire all the hardware components of the robot.  A starting list is given in Table 
10.4.   
 
13.  Construct the hardware platform for the robot as shown in Section 10.1.8 on page 
121.  The RX ESOC needs to stand above the plexiglass platform.  This is done here with 
1 and ½ inch standoffs.  The platform is about 10 inches in diameter. The weight of the 
ESCO board along with the other components needs to be evenly distributed to prevent 
the robot from easily turning over. 
 
14.  Incorporate the battery supply into the project.  The receive robot may now feed off 
the battery supply.  The battery will be drained in a few minutes demonstration time.  
Make sure you have a spare battery pack or a fast charger and a power outlet nearby for 
uninterrupted demonstrations. 
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Figure 10.11.  Project 3 PLD pin configuration and interfacing circuitry.  Note: See Scenario II 
schematic to complete the Dinsmore 1490 circuitry. 

Pin 1, South side 

Antenna 

clock 

C2, 33uF 

right_out 
(servo-motor 2) 

from IF1 sensor output, CPLD pin 12 

CPLD pin 27, IF LED1 

CPLD pin 28, IF LED2 

CPLD pin 24, IF LED1 

CPLD pin 25, IF LED2 

CPLD pin 83 

 

CPLD pin 8 

 

Devry ESOC board 
CPLD, IC1 
EPM7128SLC84-6 serial data in 

CPLD pin 48 

CPLD pin 46 

CPLD pin 45 

CPLD pin 44 

fwd_out 

rev_out 

From on/off 
switches: 
switches on 
the ESOC/ 
UP1/ UPX 
board can be 
used to 
select the 
tasks to be 
performed:  

Task 1, CPLD pin 58 

Task 2, CPLD pin 57 

Task 3, CPLD pin 56 

left_out (servo-motor 1) 

6V 6V 

Left 
Servo 
Motor 1 

Right 
Servo 
Motor 2 

C1, 33uF 

Pin 1, West side 

Pin 1, East side 

Pin 1, North side 

CPLD pin 15 

CPLD pin 16 

CPLD pin 17 

CPLD pin 18 

Receiver 
module 

9.6 volt battery 

IC3, 
Magnetic 
compass, 
Dinsmore 
1490 

Note: 1490 Compass 
outputs, pin 1, each 
needs 2.2K pullup 
resistors. 



Wireless Projects, Version 7.5.3 - DEVRY     Page 119 3/13/2006 
 

 119

 

10.1.6. Project 3 Hardware Par ts L ist 
The hardware parts list for Project 3 is given in Table 10.4 below. These parts can be 
obtained from the references listed in Section 21 on page 191. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Table 10.4.  Project 3 hardware par ts list. 

Par t Quantity Ref designator  Descr iption 
High Tech servos - 
HS300 (Futaba S3003, 
or Tower TS53J) 

2 servo1, servo2 servomotors 

Battery supply, radio 
shack, 9.6V, 1000mA, 
230-0342 

2 Vcc 9.6 Volt Nickel Cadmium R/C car 
battery pack and charger for TX 
ESCO and RX ESOC, Radio Shack 

DC power connector, M 
type 

2  For connecting battery packs to 
ESOCs, Radio Shack 

Caster wheel 1  Front wheel, Menards, Lowes, 
Home depot, etc. 

Tire 2  Rubber tire, Tower Hobbies 
Wheel 2  Rim for rubber tire, Tower Hobbies 
Round Platform 1 platform I Round platform of diameter 11 

inches (and thickness 3/16 inches) 
cut from plexiglass, etc, etc 

standoffs 4 ST1, ST2, ST3, ST4 1 and ½ inch standoffs, Digikey, 
Radio Shack, etc 

Screws, 844-712  is 
Menards part # 

?  Machine screws, size 4-40x ½, 30 
pieces, can be used to mount caster 
wheel and servo if the 4-40x �  is 
not long enough. 

Screws, 844-710, 844-
712 is Menards part # 

About 16  Machine screws, size 4-40x � , 34 
pieces. 8 is needed for mounting the 
RX ESOC, 4 for the caster wheel, 2 
for each servo 

Nuts, 846-644 is 
Menards part # 

About 12  Machine nuts, size 4-40, 28 pieces.  
4 for the caster wheel, 4 for each 
servo 

Washers, 154-306 is 
Menards part # 

About 12  Washers, No. 6, 100 pieces.  4 is 
needed for mounting the bottom of 
the RX ESOC, 4 for the caster 
wheel, 4 for each servo 

Velcro   4 inch by 2 inches, 2 sets 
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10.1.7. Other  Sensors 
Some other sensors are: 

1. Line Tracker Sensor (Lynxmotion, digital output) 
2. Infrared Proximity Detector (Sharp GP1U5 Radio Shack #276-137B, Digikey 

#160-1060, digital output) 
3. Sonar Ranging Unit (Polaroid Sonar module) 
4. IR Distance Sensor (Sharp GPD2D02, digital output) 
5. Magnetic Compass Sensor (Dinsmore model 1490; digital output) 
6. Other sensor – you must get approval from the professor 
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10.1.8. Assembly of the ESOC-bot: Platform I  

The bottom view of the ESOC-bot is shown in Figure 10.12.  The ESOC board will rest 
on the top of the platform.  The servomotors will be mounted on the bottom and attached 
to the wheels as shown.  The control Cables run from the servomotors to the ESOC board 
located on the opposite side as shown.  The sensors should be mounted on the top with all 
outputs connected to the controller (ESOC board).  The switch and power cables have 
separate holes in the platform. The power switch is connected to the hole in the platform. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 10.12.  The bottom view of the ESOC bot. 
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10.2. Project 4: Remote Control of the ESOC-bot and object detection 

 
This ESOC-bot performs one main task:  

Task 1: Go left, right, forward or backward at the command of the remote control 
unit. The ESOC bot is the receiver while the remote control unit uses another ESOC 
board as the transmitter.  The transmitting ESOC sends the data in UART format to 
the receiving ESOC.  The receiving ESOC decodes the UART message and responds 
to the commands sent. 
Task 2: Perform object detect when selected from the remote control unit – the 
transmitting ESOC. 
Task 3: Performs direction detection when selected from the remote control unit – the 
transmitting ESOC. 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

Figure 10.13.  Project 4 of the receiving ESOC bot.  IF1 is the infrared proximity 
sensor while LED1 and LED2 are infrared LEDs. 
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10.2.1.  Project 4 Electronic Par ts L ist 
The electronic part list for Project 4 is shown below. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Table 10.5.  Electronic part list for ESOC-bot Project 4. 

Par t Number  Quantity Ref designator  Descr iption 
IF Detector module, 276-
640, Radio Shack 

1 IF1 Infrared modulated detector 
module, bandpass center 
frequency=38,000Hz; 
Vcc=2.4 to 5 volts; peak 
wavelength = 940nm 
 

LED, 276-143C, Radio 
Shack 

2 IFLED1, IFLED2 Infrared light emitting diode 

Altera CPLD, 
EPM7128SLC84-6 

1 CPLD, IC1 Devry ESOC board, 
Controller 

Altera CPLD, FLEX10K20 
or FLEX10K70 

optional CPLD, IC1 Altera UP1 or UPX board 

Magnetic Compass, 
Dinsmore model 1490 

1 IC3 Magnetic compass, 4 bit, 
active low digital outputs 

High Tech servos - HS300 
(Futaba S3003, or Tower 
TS53J) 

2 servo1, servo2 servomotors 

Platform I 1 Platform I Platform 1 uses two servo 
motors, a caster wheel, etc.  
See  

Resistor, 1000 ohms 1 R1 1 Watt resistor 
Resistor, 180 ohms 2 R2, R3 1 Watt resistor 
Radio Shack – 276-1547 or 
276-1429, etc. 

1 J1 DB 25 male connector 

Transmitter Module 
 

1 IC FM, FSK modules, etc. 5 
volts. 

Receiver Module 1 IC FM, FSK modules, etc. 5 
volts. 
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10.2.2. Project 4 Schematic 
The schematic for Project 4 is shown below. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 

 
 

Figure 10.14 Schematic of IR Detector circuitry (A) and IR LED emitter circuitry (B). 
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Figure 10.15.  Receive ESOC and PLD pin configuration and interfacing circuitry.  Note: See 
Scenario 4 schematic to complete the Dinsmore 1490 circuitry. 
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10.2.3. Project 4 Hardware Par ts L ist 
The hardware parts list for Project 4 is given in Table 10.6 below.  These parts can be 
obtained from the references listed in Section 21 on page 191. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Table 10.6.  Project 4 hardware par ts list. 

Par t Quantity Ref designator  Descr iption 
High Tech servos - 
HS300 (Futaba S3003, 
or Tower TS53J) 

2 servo1, servo2 servomotors 

Battery supply, radio 
shack, 9.6V, 1000mA, 
230-0342 

2 Vcc 9.6 Volt Nickel Cadmium R/C car 
battery pack and charger, for TX 
ESOC and RX ESOC 

DC power connector, M 
type 

2  For connecting battery packs to 
ESOCs 

Caster wheel 1  Front wheel 
Tire 2  Rubber tire 
Wheel 2  Rim for rubber tire 
Round Platform 1 platform I Round platform of diameter 11 inches 

(and thickness 3/16 inches) cut from 
plastic, etc 

standoffs 4 ST1, ST2, ST3, 
ST4 

1 and ½ inch standoffs, for mounting 
ESOC above the platform 

Screws, 844-712  is 
Menards part # 

?  Machine screws, size 4-40x ½, 30 
pieces, can be used to mount caster 
wheel and servo if the 4-40x �  is not 
long enough. 

Screws, 844-710, 844-
712 is Menards part # 

About 16  Machine screws, size 4-40x � , 34 
pieces. 8 is needed for mounting the 
RX ESOC, 4 for the caster wheel, 2 
for each servo 

Nuts, 846-644 is 
Menard part # 

About 12  Machine nuts, size 4-40, 28 pieces.  4 
for the caster wheel, 4 for each servo 

Washers, 154-306 is 
Menard part # 

About 12  Washers, No. 6, 100 pieces.  4 is 
needed for mounting the bottom of the 
RX ESOC, 4 for the caster wheel, 4 
for each servo 

Velcro   4 inch by 2 inches, 2 sets 
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11. Signal Processing Electronics and Robotics 
The following sections present descriptions, scenarios, components, etc. for building a 
mobile robot from a signal processing perspective.  Two projects are introduced: project 
5 and project 6  This projects introduces robotics with emphasis on software applications 
and algorithms.  Project 5 is mostly digital and requires writing programs to perform 
most of the tasks.  The programs reside on a PC or DSP.  Data is acquired from the robots 
mini mic and sent to the PC or DSP over a cable for analysis.  The programs performs 
digital filtering and spectral analysis on the input data to determine if a specific speaker is 
speaking.  If so, commands are returned to the robot based on the PC’s or DSP’s results.  
These commands tell the robot to perform a specific action such as move left, right, 
reverse, forward, etc.  Project 6 is mostly analog and requires some VHDL programs to 
determine the commands.  The analog sound from the mic  is sent to a bank of bandpass 
filters and comparators.   The comparators convert the ringing from the bandpass filters 
into digital signals which can then be processed by the PLD.  The PLD contains VHDL 
programs that count the pulses.  The programs compare the count to a threshold to verify 
the speaker.  If the speaker matches the internal threshold then the robot performs a task. 
 

11.1. Project 5: Robotics and Signal processing using an ADC0804 and a 
PLD 

 
This ESOC-bot performs two main tasks:  

Task 1: Go left, right, forward, backward, reverse, etc., at using the switches on the 
transmit ESOC.  This also serves as a test to verify communication between 
transmitter ESOC and receiving ESOC.  This task should be done before proceeding 
to task 2. 
Task 2: Go left, right, forward or backward upon detection of the speech phrase 
“ left” ,  “ right” , “ forward” , or “ reverse”  due to a specific speaker.  The receive ESOC 
is located on the robot.  It receives the speech sound from the A/D converter and 
sends it to the transmitting ESOC in parallel or serial format.  The transmitted digital 
data can then be processed by the central processing unit for analysis.  Once the 
correct analysis is done, a command is sent to the receiving ESOC for the appropriate 
action: turn left, turn, right, go forward,  go reverse, etc.  The central processing unit 
can reside in several places here depending upon the application.  For this scenario, 
the central processing unit is the PC using Matlab in real time.  The transmitting 
ESOC is interfaced to the PC’s parallel port.  A deamon running on PC is used to 
determine when data is available.  If so the data is sent to a file that can be processed 
by a Matlab program. The central processing unit can also reside on the robot using a 
programmable device, DSP, etc. This places all the intelligence local to the robot as 
opposed to remotely.  To do this project, it is recommended that communication 
between robots be done in parallel first.  If enough time is left an upgrade to serial 
communication between boards should be considered. 
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Figure 11.1.  Transmit ESOC. 
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Figure 11.2.  Receiving ESOC bot. 
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11.1.1.  Project 5 Electronic Par ts L ist 
The electronic part list for the receiving ESOC in Project 5 is shown below. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Table 11.1.  Electronic par t list for  Project 5 ESOC-bot. 
 
 

Par t Quantity Ref designator  Descr iption 
Altera CPLD, 
EPM7128SLC84-6 

2 CPLD, IC1 Devry ESOC board, 
Controller 

Altera CPLD, 
FLEX10K20 or 
FLEX10K70: optional 

2 CPLD, IC1 Altera UP1 or UPX 
board 

High Tech servos - 
HS300 (Futaba S3003, 
or Tower TS53J) 

2 servo1, servo2 servomotors 

Platform I 1 Platform I Platform 1 uses two 
servo motors, a caster 
wheel, etc.  See  

ADC0804 1 IC Analog to digital 
conversion 

Radio Shack- 270-092 1 Mic Mini Microphone, up to 
15KHz input 

Radio Shack – 276-
1547 or 276-1429, etc. 

1 J1 DB 25 male connector 

Buffer HC244 5 (2 for each 8 bit 
cable and 1 for DB25 
interface); 2 (if serial 
cable and DB25 
interface) 

IC Buffer between cables 
and PLDs 
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Figure 11.3.  Receive ESOC CPLD pin configuration and interfacing circuitry. 
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11.1.2. Project 5 Hardware Par ts L ist 
The hardware parts list for platform I is given below. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Table 11.2.  Project 5 hardware parts list. 

 
 
 

Par t Quantity Ref designator  Descr iption 
High Tech servos - 
HS300 (Futaba 
S3003, or Tower 
TS53J) 

2 servo1, servo2 servomotors 

Battery supply, 
radio shack, 9.6V, 
1000mA, 230-0342 

1 Vcc 9.6 Volt Nickel 
Cadmium R/C car 
battery pack and 
charger 

Home depot, etc., 
Caster wheel 

1 wheel Front wheel 

Round Platform, 
fiber glass, from 
Home Depot, 
Marnards, etc. 

1 platform I Round platform of 
diameter 11 inches 
(and thickness 3/16 
inches) cut from 
plastic, etc 
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11.2. Project 6: Robotic Speaker  Detection using a Zero Crossing Detector  
and a PLD 

The Basic requirements, project description, and procedure is given for Project 6 next. 
 

11.2.1. Project 6 Basic Requirements 
This ESOC-bot performs two main tasks:  

Requirement 1: Go left, right, forward, backward, reverse, etc., using the switches 
on the transmit ESOC.  This also serves as a test to verify communication between 
transmitter ESOC and receiving ESOC.  This task should be done before proceeding 
to task 2. 
Requirement 2:  Select a speaker in your group using 3 switches on the ESOC. 
Requirement 3: Go left, right, forward or backward for the selected speaker only.  
This requires the ESOC to perform a speaker identification test using the signals from 
the comparators for the following speech phrases: “ left” ,  “ right” , “ forward” , or 
“ reverse” .   
 
 

11.2.2. Project 6 Descr iption 
The ESOC receives the speech sound from a bank of analog filters and comparators. 
The output of the comparators is 5 volt digital clock signal which is fed to the ESOC.  
This clock signal feeds the digital circuitry inside the ESOC.  The digital circuitry 
comprises n counters in parallel, in this case mod65536 counters. The output of the 
counters is fed to a decoder that performs speaker identification using the threshold 
data from the various speakers.  If a particular speaker is selected, the speaker is 
verified before the robot performs a task for the speaker.  Otherwise the robot will not 
perform the task.  The circuitry for project 6 is shown in Figure 11.4, Figure 11.5, and 
Figure 11.6. 
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Figure 11.4.  ESOC bot.  n is the number of filters in parallel.  The –15 and +15 
volt supply is needed by the OP amps in the filter bank.  5 volts is needed by the 
ESOC and remaining circuitry. 
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11.2.3.  Project 6 Electronic Par ts L ist 
The electronic part list for Project 6 ESOC is shown in Table 11.3 below. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

Table 11.3.  Electronic part list for Project 6 ESOC-bot. 

Par t Quantity Ref designator  Descr iption 
Altera CPLD, 
EPM7128SLC84-6 

1 CPLD, IC1 Devry ESOC board, Controller 

Altera CPLD, FLEX10K20 
or FLEX10K70: optional 

1 CPLD, IC1 Altera UP1 or UPX board 

Futaba S3003 servo or 
Tower Hobbies TS53J 
pack.  High Tech HS300 
servos  

2 servo1, servo2 servomotors 

Platform I 1 Platform I Platform 1 uses two servo motors, a caster 
wheel, etc.  See  

LM386 1 IC Amplifier with 0 and +5volts rails 
LM339 1 IC comparators 
10000 POT 1 POT Variable resisitor, any value will do, 

preferably one that can be turned with fingers. 
Radio Shack- 270-092 1 Mic Mini Microphone, up to 15KHz input 
Breadboard 1  For the assembly of electronic circuits 
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Figure 11.5.  Project 6 ESOC PLD pin configuration and interfacing circuitry. 
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11.2.4. Project 6 Procedure 
1.  Acquire all the necessary parts for constructing the electronic portion of project 6.  
Most of these parts are listed in Table 11.3.  Also see Section 21 on page 191 for more 
information on purchasing the various parts 
 
2.  Breadboard the circuit shown in Figure 11.6 for one amplifier circuit and one zero 
crossing circuit.  Follow the directions on the back of the radio shack mic for constructing 
the mic circuit.  Use an oscilloscope to measure the output of the amplifier and the output 
zero crossing circuit as you speak into the microphone.  The output of the amplifier 
should be the same as the input signal but larger.  The output of the zero crossing circuit 
should be digital, that is, between 0 and 5 volts.  The pin configuration for the LM339 
and LM386 are shown in Figure 11.7 and Figure 11.8, respectively. 
 
The amplifier circuit  and zero crossing circuit should be tested individually before 
connecting the output of the amplifier to the input of the zero crossing circuit as shown in 
Figure 11.6.  The amplifier can be tested by inputing a sinusoidal signal, e.g, 1 milli volt 
peak to peak and observing that the signal is amplified significantly at the output of the 
amplifier by a gain of 20.  Higher gains can be achieved by configuring the LM386 as 
indicated in the application section of the datasheet for gains of 50 or 200.  The zero 
crossing circuit can be tested by inputing a sinusoidal signal of 1000Hz, etc. and 
observing a square wave of the same frequency at the output of the zero crossing circuit. 
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Figure 11.6.  Detailed schematic of amplifier and zero crossing circuitry.   
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Figure 11.7.  Pin configuration for the LM339 Quad comparator chip.  Please see the LM339 datasheet for 
more information. 

 
 
 
 
 
 
 
 
 
 
 
 

Figure 11.8.  Pin configuration for the LM386 low voltage amplifier chip.  Please see the LM386 datasheet 
for more information. 
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3.  Modify the servo motors for continuous rotation by a.) cutting off the top of the 
potentiometer that turns the wheel if not removable, b.) clipping and filing away the 
stopper, 3.) and positioning the pot midway between its two terminals.  This is typically 
the minimum requirement for continuous rotation.  Some directions specify removing the 
pot and replacing it with resistors.  This may be un-necessary for what we have to do.  
However, if desired follow the directions specified for your servo motor for continuous 
rotation. 
 
4. Test the servo motors using the ESOC’s 4Mhz on board clock.  This clock frequency 
must be divided down below 1000 Hz for proper operation of the servos. A divide by 216 
counter can achieve this.  The VHDL code for a divide by 216 (mod65536) counter is 
given in Section 3.6.2 on page 39.  Send the last six outputs of the counter to the output 
ports as shown in Figure 11.9.  Connect each of these outputs to the signal input of the 
servo motor.  The ground wire of the servo must be grounded to the ESOC board’s 
ground.  Similarly, the power supply wire of the servo must be connected to the ESOC 
board’s VCC=+5V.  Before moving forward it is best to label each servo.  The servo that 
will be on the right side of the robot should be labeled right servo and the servo that will 
be on the left side of the robot should be labeled left servo.  Use clear tape to tape a piece 
of paper with left written on it on the left servo.  Use clear tape to tape a piece of paper 
with right written on it on the right servo.  Record the outputs and their respective 
frequencies that cause the left servo and right servo servo to turn clockwise (forward), 
counterclockwise (reverse), and stop.  This information may be unique for each servo and 
must be recorded separately for each servo motor.  Use the Table below to record the 
effect of each output from the counter on the servos.  Put a check mark in the column 
labeled slow speed, medium speed, fast speed.  Slow speed is when the servo turns very 
slow.  Fast speed is the highest speed the servo will go.  Medium speed is somewhere in 
between.  You have to use your best judgement on what is a slow, medium, or fast speed. 

 
Figure 11.9.  Digital test circuit for a servo motor using a mod65536 counter to divide down a 4MHz clock 
signal.  The output ports for q10, q11, q12, q13, q14, and q15 are individually connected to the signal input 
of the servo motor.  This is a graphic design file from the Altera MAX PLUS II software. 
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Left Servo Clock Frequency (Speed Characteristics and rotation direction) 
Counter 
Output 

Frequency Slow 
Speed 

Medium 
Speed 

Fast 
Speed 

Forward Reverse 

Q10       
Q11       
Q12       
Q13       
Q14       
Q15       
 

Table 11.4.  Left Servo clock frequency verses speed and rotation direction. 

 
Right Servo Clock Frequency vs (Speed Characteristics and rotation direction) 
Counter 
Output 

Frequency Slow 
Speed 

Medium 
Speed 

Fast 
Speed 

Forward Reverse 

Q10       
Q11       
Q12       
Q13       
Q14       
Q15       
 

Table 11.5. Right Servo clock frequency verses speed and rotation direction. 

 
Before you begin recording the servo clock frequency verse speed and rotation direction 
in Table 11.4 and Table 11.5 the servos should be identified by a label as the right servo 
and the left servo.  The servos should be positioned as shown in Figure 11.10.  The shaft 
and tire of the servos should be pointed in opposite directions as shown. 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 11.10.  Position of left servo relative to right servo. 
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It should be noted that clockwise is forward and counter clockwise is reverse.  While 
each servo is positioned differently, the robot will go forward when both servos are going 
forward.  The robot will go backward or reverse when both servos are in reverse.  The 
robot will turn left when the left servo is stopped and the right servo is in forward and the 
robot will turn right when the right servo is stopped and the left servo is forward.  For the 
robot to turn left in place the left servo needs to be in reverse and the right servo need to 
be in forward and for the robot to turn right in place the left servo needs to be in forward 
while the right servo needs to be in reverse.  Keep in mind that when the robot is moving 
forward the left servos and the right servo are actually going in opposite directions.  This 
is because they are positioned on opposite sides of the robot as well as faced in opposite 
directions. 
 
5.  Construct the circuit shown in Figure 11.11 in Altera Max Plus II.  Figure 11.11 
consist of three main VHDL modules: Servo_control.vhd, speakerid_ctl.vhd, and 
count65536.vhd.  The servo_control VHDL module is listed in Section 3.8.5 on page 61.  
The count65536 VHDL module is listed in Section 3.6.2 on page 39.  The VHDL code 
for speakerid_ctl VHDL module is listed in Section 0 on page 73.  You must copy the 
code for each and compile each.  Then created a graphic design file called robottop.gdf.  
Insert the symbols from the three compiled files into robottop.gdf and connect them as 
shown in in Figure 11.11.  . Lastly, assign pins as shown in Figure 11.5.  sel0,sel1, and 
sel2 should be assigned to three switches.  These inputs select a specific speaker to 
command the robot.  Clk_4Mhz should be assigned to pin 83 which is the global clock 
input pin.  The output of the comparator (LM339) should be assigned to the input called 
pulse.  The output of the comparator is a clock like signal which drives a mod65536 
counter.  Led0, Led1, Led2, Led3, Led4, Led5, Led6, and Led7 are active low outputs 
that should be assigned to LEDs on the ESOC board.  Each led represent a different 
speaker with different thresholds.  An led lites up when the speaker matches the 
thresholds programmed for that led.  Therefore, the robot will only listen to selected 
speaker.  When the selected speaker speaks into the microphone the robot should turn 
right, otherwise it goes forward.  speakerreadyled is an active low output signal.  It 
should be assigned to an LED.  The speaker should speak into the microphone when this 
led lites up.  This LED stays lit for about 2 seconds.  Afterwards, the robot trys to identify 
the speaker.  The outputs lservo and rservo should be connected to the left servo and right 
servo, respectively.  The left servo reside on the left side of the robot.  The right servo 
resides on the right side of the robot.  You must assign the frequencies determined in step 
3 to the servo control module.  For this particular design, w14 causes the left servo to turn 
clockwise, w13 causes the left servo to turn counterclock wise, w13 causes the right 
servo to turn clockwise, and w15 causes the right servo to turn counterclock wise.  This 
may be different for each servo which may depend on the servo modification and the 
potentiometer position, etc.  Compile and program this design into the ESOC board.  
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Figure 11.11. Digital Circuit to process voice signals from filterbank. 
 

6.  Run the robot from the test bench in the lab to test and verify all the features.  The 
thresholds for the speakers may need fine tuning.  Connect the –12, +12, and 5 volt 
supply to the robot’s analog circuit as needed.  Connect the ESOC board to its own power 
supply . The ESOC board and external circuit should share the same ground reference for 
best performance. 
 
7.  Acquire all the hardware components for the robot.  A starting list is given in Table 
11.6.   
 
8.  Construct the hardware platform for the robot as shown in Section 11.3 on page 145.  
The RX ESOC needs to stand above the plexiglass platform.  This is done here with 1 
and ½ inch standoffs.  The platform is about 10 inches in diameter. The weight of the 
ESCO board along with the other components needs to be evenly distributed to prevent 
the robot from easily turning over. 
 
9.  Lastly, incorporate the battery supplies into the project.  The receive robot may now 
feed off the battery supplies.  If not careful, the battery pack can be drained in several 
minutes.  Make sure you have a spare battery pack or a fast charger and a power outlet 
nearby for uninterrupted demonstrations. 
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11.2.5. Project 6 Hardware Par ts L ist 

The hardware parts list for Project 6 is given below. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 

 

 

 

 

 

 

 
 
 

Table 11.6 Project 6 hardware parts list. 

Par t Quantity Ref 
designator  

Descr iption 

Futaba S3003 2 servo1, servo2 servomotors 
Battery supply, radio 
shack, 9.6V, 1000mA, 
230-0342 

1 Vcc 9.6 Volt Nickel Cadmium R/C car battery 
pack and charger 

DC power connector, M 
type 

1  For connecting battery pack to ESOC 
board 

Battery supply, +12 and 
–12 volts. 

1 -V, V+  OP177 or 741 , etc., power supplies 

Home depot, etc., Caster 
wheel 

1 wheel Front wheel 

Round Platform, plexi 
glass, from Home 
Depot, Menards, etc. 

1 platform I Round platform of diameter 11 inches (and 
thickness 3/16 inches) cut from fiber glass, 
plastic, etc 

standoffs 4 ST1, ST2, ST3, 
ST4 

1 and ½ inch standoffs 

Screws, 844-712  is 
Menards part # 

?  Machine screws, size 4-40x ½, 30 pieces, 
can be used to mount caster wheel and 
servo if the 4-40x �  is not long enough. 

Screws, 844-710, 844-
712 is Menards part # 

About 16  Machine screws, size 4-40x � , 34 pieces. 8 
is needed for mounting the RX ESOC, 4 
for the caster wheel, 2 for each servo 

Nuts, 846-644 is 
Menards part # 

About 12  Machine nuts, size 4-40, 28 pieces.  4 for 
the caster wheel, 4 for each servo 

Washers, 154-306 is 
Menards part # 

About 12  Washers, No. 6, 100 pieces.  4 is needed 
for mounting the bottom of the RX ESOC, 
4 for the caster wheel, 4 for each servo 

Velcro   4 inch by 2 inches, 2 sets; for holding 
battery pack and breadboard on robot. 
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11.3. Platform for  Project 5 and Project 6 
 
Figure 11.12 shows the bottom view of the platform suggested for Project 5 and Project 
6.  The ESOC board and most circuitry resides on top of the platform along with the 
battery pack.  Any other sensible platform may be used if desired. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 11.12.  The bottom view of the ESOC bot. 
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12. Wireless Technologies 
 
We’ re now in the wireless generation. 
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13. Project 7: Simplex Wireless Communication System using the ADC0804 and 
DAC0808 

The requirements followed by the procedure for building a simplex wireless system for 
transmitting tones is given starting in the next section using the ADC0804 and DAC0808 
chips. 
 
This goal of this project is to build a wireless simplex communication system.  The 
requirements are given next. 
 

13.1. Project 7 Requirements 
The requirements of this project is given as follows: 
 

1. Design a simplex communication system as shown in the block diagrams for the 
transmitter presented in Figure 13.1 and the receiver presented in Figure 13.2. 

2. A sinusoidal signal must be converted to a digital signal using an A/D converter 
with parallel digital outputs. 

3. The parallel digital output signal from the A/D must be converted to serial using a 
PLD platform such as the ESOC.  This serial data will be used to modulate the 
carrier frequency signal indicated in Table 13.1.   

4. Must use a WyJen Technologies ASK transmitter module which can be ordered 
online at www.wyjen.com.  Must generate a carrier frequency for your group as 
indicated in Table 13.1.  See the hardware list for details of the transmitter.  
Example WyJen Technologies transmitters are: GTX433M-3V-A00S06A-M27A 
which produces a 433MHz carrier and GTX433M-3V-A00S06A-M27A which 
produces a 315MHz carrier. 

 
Group Number  Carr ier  Frequency/TX and RX 
1 315Mhz: WyJen GTX315M-3V-

A00S06A-M27A, GRX315M-3V-
A00S12B-M07A 

2 433Mz: WyJen GTX433M-3V-A00S06A-
M27A, GRX433M-3V-A00S12B-M07A 

Table 13.1.  Group frequencies. 

 

5. Transmitter: A small antenna may be used for the transmission of the modulated 
signal. 

6. Receiver: The transmitted signal must be detected by the receiver within at least 
15 to 30 feet of the transmitter.  An example receiver is the one from WyJen 
Technologies: GRX433M-3V-A00S12A-M07A.  

7. The digital data recovered by the receiver may be fed to PLD platform such as the 
ESOC board where it is converted from serial to parallel form and sent to D/A 
converter which is then fed to a speaker or oscilloscope.  The received D/A signal 
must match the analog signal sent.   
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Figure 13.1.  Block diagram of a transmitter in a simplex communication system. 
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Figure 13.2.  Block diagram of receiver in a simplex communication system. 
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13.2. Project 7 Procedure  
 

1. Obtain all the electronic components for the project given in Table 13.2. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Table 13.2.  Electronic components for simplex wireless phone.   
 

2. Use the digital circuit and analog circuits from the section on “Testing the 
ADC0804 and DAC0808 together using a PLD” section 3.4 on page 23.  It is 
redraw here for your convenience.  The digital circuit (Figure 13.3) is used to 
program the ESOC.  The analog circuit consists of a transmit circuit (Figure 13.4) 
and receive circuit(Figure 13.5).  These circuits are used to test the ADC0804 and 
DAC0808 together using one ESOC.  To go to the next step you need two ESOCs 
or PLD platforms: The transmitting PLD platform and the receiving PLD 
platform. 

Par t/Equipment Quantity Ref 
Designator  

Descr iption/Purpose 

ESOC board or Altera 
PLD platform 

2 ESOC Altera programmable logic device 
EMP7128SLC84 board 

Function Generator 1  Sine wave generation for input to  
ADC0804 

Oscilloscope 1  Received signal measurement on output of 
DAC0808 

GTX433M-3V-
A00S06A-M27A or 
GTX315M-3V-
A00S06A-M27A or 

1 Module  Transmitter module, www.wyjen.com 
 

GRX433M-3V-
A00S12B-M07A or  
GRX315M-3V-
A00S12B-M07A 

1 Module  Receiver module, www.wyjen.com 
 

Speaker 1 speaker Small speaker, radio shack, etc 
ADC0804 1 IC Analog to digital converter, DIP 
DAC0808 1 IC Digital to analog converter, DIP 
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Figure 13.3. Digital circuit for the ADC0804 and DAC0808 system. 
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Figure 13.4.  Analog transmit circuitry for ADC0804 chip.  
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Figure 13.5.  Analog receive circuitry for DAC0808 chip.  
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3. Now construct the transmit digital circuit (txuartgdf.gdf.) for the transmitting 

portion of the simplex communication system as shown in Figure 13.6 and 
compile it.  The VHDL code and details for this circuit is given in Section 3.6, 
Introduction - VHDL code for the TX UART, on page 32.  This circuit should be 
programmed into the transmitting PLD platform. 

 
 

 
 
Figure 13.6.  Altera digital circuit for simplex communication system showing the 
a2d0804_ctl and txart2 VHDL modules.  The a2d0804_ctl controls the ADC0804 analog 
to digital converter and the txuart converts the parallel PCM data (see signals D0, D1, 
D2, D3, D4, D5, D6, D7) from the ADC0804 to serial PCM (see signal ser ialpcm). 
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4. Construct the receive digital circuit (rxuartgdf.gdf) for the receiving portion of the 

simplex communication system as shown in Figure 13.7 and compile it.  The 
VHDL code and details for this circuit is given in Section 3.7, Introduction - 
VHDL code for the RX UART, on page 42.  This circuit should be program into 
the receiving PLD platform. 

 
 

 

 
Figure 13.7.  Altera digital circuit for simplex communication system showing the 
d2a0808_ctl and rxart VHDL modules.  The d2a0808_ctl controls the the flow of data to 
the DAC0808 while the rxuart converts the incoming serial pcm data (serial_data) to 
parallel PCM data (see signals x0, x1, x2, x3, x4, x5, x6, x7).  It is very important that the 
bit rate clk be the same as the bit rate clock at the transmitter. 
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5. Now test the transmitting ESOC and receiving ESOC using a physical wire.  
Connect a wire from the serial data output at the transmitter to the serial data 
input on the receiver.  Also the two PLD platforms should share the same 
grounds.  Yes connect them.  This is shown in Figure 13.8. 

 

 

 

 

 
 
 
 
Figure 13.8.  Test setup for the transmitting and receiving PLD platform using a wire as the transmission channel. 

 
6. Now send sinusoidals of different frequencies throught the ADC0804 and 

transmitting PLD platform to the receiving PLD platform.  Compare the 
transmitted signal with the received signal using an oscilloscope.  They should 
match!  Also verify the sound of the sinsusoidal using a speaker.  I t should 
sound like a tone! 

7. You are now ready to perform step 6 again, only this time over a wireless channel 
instead of a hardwired channel.  Build the circuit for the ASK transmitter and 
receiver then try step 6 again.  This time remove the data wire and ground wire 
added in step 5, then connect the PLD output pin programmed for the serial data 
to the serial data input of the ASK transmitter.  The output of the tranmitter goes 
to an antenna.  On the receiver end, an antenna feeds the rf input of the ASK 
receiver and the data output of the receiver connects to the input pin of the PLD 
programmed to receive the serial data. This is shown in Figure 13.9. 

 
 

 

 
 
 
 
 
 
Figure 13.9.  Test setup for the transmitting and receiving PLD platform using a wireless 
transmission channel. 
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14. Project 8: Half Duplex WirelessTelephony Using the Texas Instruments 
Codec Chip -TP13054/TP3054 

The requirements for the half/full duplex wireless telephone system is given in the next 
section. 
 

14.1. Project 8 Requirements 
The requirements for project 8 are as follows: 
 

1. Must design a halfplex communication system using the block diagrams for the 
transmitter presented in Figure 14.1 and the receiver presented in Figure 14.2. 

2. Must successfully pass a sinusoidal signal throught the half duplex system both 
directions.  The transmitted sinusoidal must match the receiver sinusoidal. 

3. Codec: Must use a codec chip to perform the front end filtering (band limiting 
filter), analog to digital conversion, and parallel to serial conversion. 

4. Transceiver: Must use a WyJen Technologies half duplex transceiver module 
which can be ordered online at www.wyjen.com.  Must generate a carrier 
frequency for your group as indicated in Table 14.1.  See the hardware list for 
details of the transmitter.   

 
Group Number  Carr ier  Frequency/TX and RX 
1 315Mhz 
2 433Mz 

Table 14.1  Group frequencies. 

 
5. Transceiver: A small antenna may be used for both transceiver modules. 
6. Transceiver: The transmitted signal must be detected by the receiver within at 

least 15 to 30 feet of the transmitter.  
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Figure 14.1.  Block diagram of a transceiver in a half duplex communication system. 
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Figure 14.2.  Block diagram of transceiver in a half duplex communication system. 
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14.2. Project 8 Procedure 

 
1.  Obtain all the electronic components for building the duplex communication system 
given in Table 14.2. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 
 
 
 
 

Table 14.2.  Electronic components for half duplex wireless phone.  Can use codec or combo chip to 
replace several components. 

Par t Quantity Ref 
designator  

Descr iption 

ESOC board or PLD 
platform 

2 ESOC Altera programmable logic device, Devry 

Battery supply, radio 
shack, 9.6V, 1000mA, 
230-0342 

2 Vcc 9.6 Volt Nickel Cadmium R/C car battery 
pack and charger, Radio shack 

DC power connector, M 
type 

2 Connector For connecting battery pack to ESOC 
board, Radio Shack 

LVM321/358/324 4 IC Low voltage 0 to 5V rail to rail operational 
amplifier, National semiconductor, etc, 
DIP 

Microphone, Radio 
Shack- 270-092 

2 Mic Mini Microphone, up to 15KHz input, 
Radio Shack 

LM386 4 IC Amplifier, 0 to 5V rails, gains=50, 200, etc 
GTXRX915M-T30A 2 Module 915MHz Transceiver, SIP, 

www.wyjen.com 
Speaker 2 speaker Small speaker 
TP13054BN/TP3054AN 2 IC Texas instrument codec and national 

instrument compatibles, 16 pin DIP, 
Digikey 

6.144MHz crystal 
oscillator, Digikey 
CTX190ND or SE1226-
ND 

2 X Crystal Oscillator for Baud rates, Digikey, 
DIP, CTS frequency controls 
MXO45HST-6.1440 or Epson Electronics 
SG-531P 6.1440MC, 8 pin PDIP 

 



Wireless Projects, Version 7.5.3 - DEVRY     Page 161 3/13/2006 
 

 161

3. Compile the VHDL code for the TP3054/TP13054 chip.  Esentially, the code 
derives the required clocks from the 6.144Mhz oscillator: 1.536Mhz, 64000hz, 
and 8000hz.  The 6.144Mhz clock can be divided down as follows in the Table.  
The 64000 hz is derive from the 1.536Mhz clock using a MOD12 counter while 
the 8000hz clock is derived from the 1.536khz clock signal using a MOD192 
counter. 

 
 
Name of MOD65536 
Counter output 

Frequency of divided clock, 6.144x106/2n, n=1,2,3,…16 

Q0 6.144Mhz/21=3.072Mhz 
Q1 6.144Mhz/22=1.536Mhz 
Q2 6.144Mhz/23=768khz 
Q3 6.144Mhz/24=384khz 
Q4 6.144Mhz/25=192khz 
Q5 6.144Mhz/26=96khz 
Q6 6.144Mhz/27=48khz 
Q7 6.144Mhz/28=24khz 
Q8 6.144Mhz/29=12khz 
Q9 6.144Mhz/210=6khz 
Q10 6.144Mhz/211=3khz 
Q11 6.144Mhz/212=1.5khz 
Q12 6.144Mhz/213=750hz 
Q13 6.144Mhz/214=375hz 
Q14 6.144Mhz/215=187.5hz 
Q15 6.144Mhz/216=93.75hz 
  

Table 14.3.  Frequency division of the 6.144Mhz clock using a mod 65536 counter (16 bit synchronous 
binary counter). 

 
 
4. Refer to the codec datasheet for the detailed circuitry and requirements.  Then 

connect the data output and data input of the codec circuitry to the PLD.  Then 
test the data transmission and decoding of the codec and PLD as shown in Figure 
14.3 for one complete path.  The path through the PLD should be buffered from 
input to output.  The complete path consists of the path from the transmitting 
codec through the transmitting PLD through the transmission channel to the 
receiving PLD and receiving codec.  Also the two PLD platforms should share the 
same grounds.  In this case the transmission path is a wire instead of a wireless 
link.  Now, using a function generator, send sinusoidals of different frequencies 
through the complete path. Compare the transmitted signal with the received 
signal using an oscilloscope.  They should match!  Also verify the sound of the 
sinsusoidal using a speaker.  It should sound like a tone! 

2. Now construct the digital circuit for the PLD and compile it.  The digital circuit 
should be the same for both PLDs involved.  Portion of the digital circuit is for 
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receiving the digital data and the other is for controlling the transceiver.  The 
circuit for controlling the transceiver is given in the next section: Section 14.2.1 
on page 163. 

5. You are now ready to implement the project over a wireless link.  This time 
remove the data wire and ground wire, then connect the PLD serial data output 
pin to the serial data input pin of the transceiver and connect the PLD serial data 
input pin to the serial data output pin of the transceiver. The rf input/output of the 
transceiver goes to an antenna.  This is shown in Figure 14.4. 

 
 
 

 

 

 
 
 
 
 
 
Figure 14.3.  Test setup for transmitting and receiving PLD platform using a wire as the transmission channel. 

 

 
 
 
 
 
 
Figure 14.4.  Test setup for transmitting and receiving PLD platform using a wireless transmission channel using a 
transceiver(TXRX). 
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14.2.1. Transceiver  control VHDL file 

The VHDL program for controlling the EWD tranceiver is given next. 
 
library ieee; 
use ieee.std_logic_1164.all; 
use work.ewd_900_hdtc_lib.all; 
 
-- Created 9/29/04 
 
entity ewd_900_hdtc_ctl is 
port(  
reset: in std_logic; --reset module 
ewd_900_hdtc_en: in bit;  --enable the ewd_900_hdtc_ctl module 
module_mode: in integer range 3 to 0;  --put this module in auto mode (0), CPU mode(1), manual mode (2) 
data_mode: in integer range 0 to 3;  -- data mode is uart, synchronous NRZ, or Manchester 
txrx_mode: in std_logic;  -- do you want to transmit or receive data 
clk_4mhz: in std_logic; -- 4 Mhz clock 
clk_cnt: in integer range 0 to 127;  --clock count, divide 4Mhz clk by 256 
clk_state: in std_logic;  --clk for changing to next register state, it take 128 clks to send register data 
                            --therefore this clk needs to be a divide by 256 
reg_rdwr_mode: in std_logic;  -- write / read register enable 
pclk: out bit;   -- programming clock 
pdat: inout std_logic;   -- programming data 
pale: out bit;   -- programming enable 
tx_data_in: in std_logic;  --serial data to be transmitted  
rx_data_out: out std_logic;  --serial data received 
dclk: in std_logic;   -- wireless data is received on this pin when in uart mode 
dio: out std_logic;  -- wireless data is transmited on this pin when in uart mode 
regaddr_in: in std_logic_vector(6 downto 0); -- register 7 bit address 
regdata_in: in std_logic_vector(7 downto 0); --register 8 bit write data 
regdata_out: out std_logic_vector(15 downto 0)) ; --register 16 bit parallel data 
end ewd_900_hdtc_ctl;   
 
 
architecture a of ewd_900_hdtc_ctl is 
 
--component srg16piso  
--port ( 
--load: in std_logic; 
--clk: in std_logic; 
--clkcnt: in integer range 0 to 127; 
--data: in std_logic_vector (15 downto 0); 
--serial_out: inout std_logic); 
--end component; 
 
component ewd_900_hdtc_regdata  
port(  
txrx_mode: in std_logic; 
reset: in std_logic; 
clk_state: in std_logic; 
rdwr_mode: in std_logic; 
module_mode: in integer range 3 to 0;  --put this module in auto mode (0), CPU mode(1), manual mode (2) 
reg_set_data: in std_logic_vector(7 downto 0);  -- must give data if in cpu or manual mode 
reg_data: out std_logic_vector(15 downto 0); 
reg_loaded: out std_logic); 
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end component;   
 
--component mux16to1_2 
--port( 
--s: in integer range 0 to 127; 
--d: in std_logic_vector (15 downto 0); 
--y: inout std_logic ); 
--end component; 
 
signal reg_data_out: std_logic_vector(15 downto 0);  -- register data from ewd_reg_data 
signal mux_clk_cnt: integer range 0 to 127; 
signal reg_loaded: std_logic; 
signal not_clk_state,clk: std_logic; 
signal serial_cnt: integer range 0 to 127; 
 
begin 
--mux_out: mux16to1_2 port map (clk_cnt,reg_data_out,pdat); 
--piso1: srg16piso port map (reg_loaded,clk_4mhz,clk_cnt,reg_data_out, pdat); 
ewd_reg_data: ewd_900_hdtc_regdata port map (txrx_mode, reset,clk_state,reg_rdwr_mode, 
     module_mode,regdata_in,reg_data_out,reg_loaded); 
regdata_out<=reg_data_out; 
rx_data_out<=dclk; 
dio<=tx_data_in; 
not_clk_state<= not clk_state; 
clk<= clk_4mhz and not_clk_state; 
 
pisoclk: process (clk,reset) 
 
begin 
 
if reset =©0© then 
 serial_cnt<=0; 
elsif clk©event and clk=©1© then 
 serial_cnt <= serial_cnt +1; 
end if; 
 
end process; 
 
paleprocess: process(clk_4mhz) 
begin 
if(clk_4mhz©event and clk_4mhz=©1©)then 
 case serial_cnt is 
  when 0 => 
   pale<= ©1©; 
  when 4 => 
   pale<=©0©; 
  when 5=> 
  when 6=> 
  when 7=> 
  when 8=> 
  when 9=> 
  when 10=> 
  when 11=> 
  when 12=> 
  when 13=> 
  when 14=> 
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  when 15=> 
  when 16=> 
  when 17=> 
  when 18=> 
  when 19=> 
  when 20=> 
  when 21=> 
  when 22=> 
  when 23=> 
  when 24=> 
  when 25=> 
  when 26=> 
  when 27=> 
  when 28=> 
  when 29=> 
  when 30=> 
  when 31=> 
  when 32=> 
  when 33=> 
  when 34=> 
  when 35=> 
  when 36=> 
  when 37=> 
  when 38=> 
  when 39=> 
  when 40=> 
  when 41=> 
  when 42=> 
  when 43=> 
  when 44=> 
  when 45=> 
  when 46=> 
  when 47=> 
  when 48=> 
  when 49=> 
  when 50=> 
   pale<=©1©; 
  when others=> 
   pale<=©1©; 
 end case; 
end if; 
end process; 
 
clkprocess: process (serial_cnt)  
begin 
--if clk©event and clk=©0© then 
 case serial_cnt is 
  when 0 => 
  pclk<=©1©; 
 
  when 13=> 
  pclk <= ©0©;     --bit 15 clk 
 
  when 14 => 
  pclk<=©1©; 
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  when 18 => 
  pclk <= ©0©;   --bit 14 clk 
   
  when 19 => 
  pclk<=©1©; 
  
  when 23 => 
  pclk <=©0©;  --bit 13 clk 
 
  when 24 => 
  pclk <=©1©; 
   
  when 28 => 
  pclk <=©0©;  --bit 12 clk 
 
  when 29 => 
  pclk <=©1©; 
 
  when 33 => 
  pclk <=©0©;  --bit 11 clk 
 
  when 34 => 
  pclk <=©1©; 
 
  when 38 => 
  pclk <=©0©;  --bit 10 clk 
 
  when 39=> 
  pclk <= ©1©; 
 
  when 43=> 
  pclk <= ©0©; --bit 9 clk 
 
  when 44=> 
  pclk <= ©1©; 
  
  when 48 => 
  pclk <= ©0©;  --bit 8 clk 
 
  when 49 => 
  pclk <=©1©; 
 
  when 58=> 
  pclk <=©0©;  --bit 7 clk 
 
  when 59=> 
  pclk <=©1©; 
 
  when 63=> 
  pclk <=©0©;  --bit 6 clk 
 
  when 64=> 
  pclk <=©1©; 
 
  when 68=> 
  pclk <=©0©;  --bit 5 clk 
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  when 69=> 
  pclk<=©1©; 
 
  when 73=> 
  pclk<=©0©;  --bit 4 clk 
 
  when 74=> 
  pclk<=©1©; 
 
  when 78=> 
  pclk<=©0©;  --bit 3 clk 
 
  when 79=> 
  pclk<=©1©; 
 
  when 83=> 
  pclk<=©0©;  --bit 2 clk 
 
  when 84=> 
  pclk<=©1©; 
 
  when 88=> 
  pclk<=©0©;   --bit 1 clk 
 
  when 89=> 
  pclk<=©1©; 
 
  when 93=> 
  pclk<=©0©;    --bit 0 clk 
 
  when 94=> 
  pclk<=©1©; 
    
  when others => 
 end case; 
--end if; 
end process; 
 
 
 
serialprocess: process (clk)  
begin 
--if clk©event and clk=©1© then 
 case serial_cnt is 
 
  when 10 => 
  pdat<= reg_data_out(15); 
 
  when 15 => 
  pdat<= reg_data_out(14); 
 
  when 20 => 
  pdat<= reg_data_out(13); 
 
  when 25 => 
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  pdat<= reg_data_out(12); 
   
  when 30=> 
  pdat<= reg_data_out(11); 
 
  when 35=> 
  pdat<= reg_data_out(10); 
 
  when 40=> 
  pdat<= reg_data_out(9); 
 
  when 45=> 
  pdat<= reg_data_out(8); 
 
  when 55=> 
  pdat<= reg_data_out(7); 
   
  when 60=> 
  pdat<= reg_data_out(6); 
 
  when 65=> 
  pdat<= reg_data_out(5); 
 
  when 70=> 
  pdat<= reg_data_out(4); 
 
  when 75=> 
  pdat<= reg_data_out(3); 
 
  when 80=> 
  pdat<= reg_data_out(2); 
 
  when 85=> 
  pdat<= reg_data_out(1); 
 
  when 90=> 
  pdat<= reg_data_out(0); 
 
  when others => 
 end case; 
--end if; 
 
end process; 
 
 
end a; 
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15. Project 9: Digital Filter ing using PLDs or  DSPs  

 
This goal of the project is to implement a digital filter in programmable logic device 
(PLD).  The requirements are given next. 
 

15.1.1. Project 9 Requirements 
 
The requirements of this project are given as follows: 

1. Must create a signal of several frequencies using Matlab on a computer and send 
this signal to the audio port for external use. 

2. Must do a spectral analsys on the created sound and filtered sound. 
3. Must convert the audio signal to a digital signal using a analog to digital 

converter.  This digital signal must interfaced to a Programmable Logic Device 
(PLD) or Digital Signal Processor (DSP) for processing. 

4. Must be able to listen to orignal and filtered sound.  Can use a single-pole, 
double-throw (SPDT) switch to select between two speakers: one speaker for the 
filtered audio signal from the DSP speaker port and the other for the signal 
coming from the computer’s audio port.  That is, the switch is used to send the 
signal from the audio port of the computer directly to a speaker for listening or to 
send the audio signal to a digital processor for processing. 

5. Must use a PLD or DSP to implement the digital filter alogorithm.  The PLD or 
DSP must remove all frequencies created in requirement 1 except 1. 

6. The digital filter implemented shall be low pass, bandpass, or highpass. 
7. Must use a digital to analog converter to convert the digital filtered signal to an 

analog signal. 
8. The analog filtered digital signal from requirement 6 must be sent to a speaker for 

listening and analysis. 
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15.1.2. Project 9 Procedure 
 

1 Obtain all the electronic and hardware components for the project given 
Table 15.1. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Table 15.1.  Electronic components for digital filter project. 

 

2. Complete Section 3.4 on page 23. 
3. Create and add several sinusoidals in Matlab using the frequencies specified in 

Table 15.2.  The amplitudes of the sinusoidals representing these frequencies are 
calculated by Vn=4V/np where n=1,3,5,7,9, … Use V=5volts.  The frequencies 
were calculated by  fn=f0´ n.  Note that f0=f1 in each set of frequencies in Table 
15.2.  Add these frequencies and send the sum to the audio port using the Matlab 
command wavplay(). 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

Table 15.2.  Group frequencies assignment. 

 
 
 

Par t Quantity Ref 
designator  

Descr iption 

ESOC board or PLD 
platform 

1 ESOC Altera programmable logic device, Devry 

LVM321/358/324 
(optional) 

2 IC1 Low voltage 0 to 5V rail to rail operational 
amplifier, National semiconductor, etc, 
DIP 

LM386 2 IC Amplifier, 0 to 5V rails, gains=50, 200, etc 
Speaker 2 speaker Small speaker 
ADC0804 1 IC Analog to digital converter, DIP 
DAC0808 1 IC Digital to analog converter, DIP 
 

Group Number  Frequencies 
1 f1=500Hz, f3=1500Hz, f5=2500Hz 
2 f1=1000Hz, f3=3000Hz, f5=5000Hz 
3 f1=2000Hz, f3=6000Hz, f5=10000Hz 
4 f1=3000 Hz, f3=9000Hz, f5=15000Hz 
5 f1=4000Hz, f3=12000Hz, f5=20000Hz 
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4. Listen to the created sound coming from the audio port using a speaker.  Use the 
oscilloscope to record your results and measurements. 

5. Perform a spectral analysis of the individual sounds and their sum from step 3.  
You should plot a magnitude verses frequency plot of each sound in Matlab. 

6. Implement the filtering algorithm in the PLD or DSP.  Use the handout given in 
class as a reference for the VHDL algorithm. 

7. Send the filtered signal to a DAC and finally a speaker for listening and analysis. 
8. Use an amplifier if necessary between the DAC and speaker. 
9. Perform a spectral analysis on the filtered sound using Matlab.  The output of the 

PLD/DSP can be connected to the audio input of the PC for recording.  Then use 
Matlab to record the filtered data for analsis. 
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16. Using DC motors instead of servo motors  
A servo motor is controlled by a digital signal which causes it to go in reverse, forward, 
or stop depending on the duty cycle of the digital signal.  A plain DC motor is not 
equipped with the control electronics as the servo motor and will need some additional 
circuitry to reverse and forward the motor.  To control the direction of a DC motor, the 
current needs to be positive or negative.  For example, A DC motor may require the 
current through it to be reversed in order to turn in a clockwise direction and forwarded to 
turn in a counterclockwise direction.  A device called a H-bridge provides this control 
which itself is digitally controlled. 
 

16.1. The basic concept of a H-br idge 
The H bridge’s main use here is to control a DC motor which does not have a digital 
interface such as the servo motors.  Platform II involves modifying an existing R/C 
remote control car and possibly connecting the CPLD to the digital side of an H-bridge.   
An H-bridge is a circuit used to reverse the direction of the motor.  It consists of 4 
switches arranged in an H pattern.  H-bridges are typically used to control the forward 
and reverse directions of R/C cars. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

Figure 16.1.  H-bridge circuit to switch direction of motor.  Pressing switches 1 and 4 
causes the motor to turn in one direction.  Pressing switches 2 and 3 reverses the direction.  
Pressing switches 3 and 4 or 1 and 2 stops current flow thereby stopping the motor.  The 
switches are typically transistors interfaced to a digital controller such as a CPLD, 
microprocessor, micro-controller, etc. 

+6 V 

Switch 4 Switch 3 

Switch 2 Switch 1 

DC Motor 
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16.2. Texas Instrument H-Br idge Chip – TPIC0107B 
 
The Texas Intrument H-bridge chip, TPIC0107B, provides the following DC motor 
modes of operations:  

1. reverse,  
2. forward, and  
3. brake (motor stops) 

 
The DC motor is connected to two terminals: out1 (pins 5 & 6) and out2 (pins 15 & 16) 
of the chip.  The out1 and out2 pins supply 3 amps of current.  Two inputs, PWM (PWM 
control, pin 8) and DIR (direction control, pin 3), are used to control the modes of 
operations.  The remaining pins are power grounds (pins 7, 9, 12, &14; all four must be 
grounded), subtrate grounds (pins 1, 10, 11, & 20; at least one must be grounded), power 
(pins 2, 4, 17, & 19), and diagnostic pins (13, & 18; optional connections).  The modes of 
operation using the PWM and DIR as inputs are summarized in the truth table below: 
 
 
DIR PWM Mode 
0 0 Brake 
0 1 Counter clockwise 
1 0 Brake 
1 1 Clockwise 
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17. Introduction to Texas Instruments Digital Signal Processors (DSPs) 
As of the current date of this publication Texas Instruments currently offers the following 
DSP platforms: 
 

1.) TMS320C6000™ DSP platform 
2.) TMS320C5000™ DSP platform 
3.) TMS320C2000™ DSP platform 

A Web Audio Video Tutorial of the various Texas Instrument DSP platform, software, 
etc., can be viewed at the following URL: 
http://www.go-dsp.com/fet/expressdsp/index.html . 
 

17.1. The TMS320C6000 DSP Platform 
The TMS320C6000 DSPs comprise fixed point and floating point DSPs.  These are 
optimized for high performance and ease of use with high-level languages such as C.  
The TMS3206000 DSPs can run up to core speeds as much as 1GHz (specifically, see the 
TMS320C6400). A summary of information on the C6000 platform can be found at: 
http://dspvillage.ti.com/docs/catalog/devtools/toolmatrix.jhtml?templateId=5121&family
Id=132.  
 
The C6000 platform consists of the following DSPs: 

1. TMS320C62X for applications involving multi-channel voice, data and imaging 
with processor speeds between 150 MHz and 300Mhz. 

2. TMS320C64X for applications involving accelerated video, data, imaging, audio 
with processor speeds between 300 MHz and 1000Mhz. 

3. TMS320C67X for applications involving IEEE single and double-precision 
floating-point with processor speeds between 100 MHz and 300Mhz. 

 
Each DSP has features that are application based.  Typical applications of the 
TMS320C62X DSP include digital communications infrastructure and video and image 
processing.  Typical applications of the TMS320C62X DSP include applications 
involving multi-channel, multi-function requirements, such as wireless base stations, 
multi-channel telephony systems, remote access servers (RAS), digital subscriber loop 
(xDSL) systems, personalized home security systems, advanced imaging/biometrics, 
industrial scanners, and precision instrumentation, etc.  Typical applications of the 
TMS320C67X DSP involve demanding computational abilities such as audio, medical 
imaging, instrumentation,and automotive, etc. 
 
We will be focusing on the TMS320C6713 DSP for remainder of this publication. 
 

17.2. Getting Star ted with the TMS320C6713 DSP 
Before getting started it is helpful to understand what the TMS320C6713 is all about.  
The TI TMS320C6713 is a floating-point digital signal processor with the key features 
listed in Table 17.1.  As shown in Table 17.1 the different TMS320C6713 DSPs are 
differentiated by their main clock speeds: 167Mhz, 200MHz, 225MHz, and 300MHz.  
After this small introduction to the TMS320C6713 you can now learn more on how to 
program it in the next few Sections using C67x DSPLIB and example programs. 
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DSP TMS320C6713-167 TMS320C6713-200 TMS320C6713-225 TMS320C6713-300 

Speed 

Frequency(MHz) 167   200   225   300   

Peak MMACS 1336   1600   1800   2400   

Memory 

RAM 256 KB   256 KB   256 KB   256 KB   

On-Chip L1 Cache 
Memory 

8 KB   8 KB   8 KB   8 KB   

On-Chip L2 Cache or 
SRAM 

64 KB   64 KB   64 KB   64 KB   

External Memory Type 
Supported 

Async: 
SRAM, 
SBSRAM, 
SDRAM   

Async: 
SRAM, 
SBSRAM, 
SDRAM   

Async: 
SRAM, 
SBSRAM, 
SDRAM   

Async: 
SRAM, 
SBSRAM, 
SDRAM   

DMA 16-Ch EDMA   16-Ch EDMA   16-Ch EDMA   16-Ch EDMA   

Interfaces 

EMIF 1 16-Bit (PYP)   1 32-Bit (GDP), 
1 16-Bit (PYP)  

1 32-Bit (GDP/ZDP)   1 32-Bit (GDP)   

McBSP 2   2   2   2   

McASP 2   2   2   2   

I2C 2   2   2   2   

HPI 1 16-Bit   1 16-Bit   1 16-Bit   1 16-Bit   

Miscellaneous 

Timers 2 32-Bit GP   2 32-Bit GP   2 32-Bit GP   2 32-Bit GP   

Core Supply (Volts) 1.2 V   1.2 V/1.26 V   1.26 V   1.4 V   

IO Supply (Volts) 3.3 V   3.3 V   3.3 V   3.3 V   

Operating Temperature 
Range (&deg;C) 

-40 to 105   0 to 90 (PYP),-40 to 105 
(GDP)   

0 to 90   0 to 90   

 

Table 17.1.  Key features of the TMS320C6713 DSP.  Each of the DSPs use 1 c67x CPU. 
Notes: EDMA=Enhanced Direct-Memory-Access. McASP=Multi-Channel Audio Serial 
Ports, McBSP=Multi-Channel Buffered Audio Serial Ports, EMIF=External Memory 
Interface, DMA=Direct Memory Access, HPI=host port interface. 
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17.2.1. TMS320C6700 DSP L ibrar ies 

Several optimized assembly level programs have been provided by TI to speed your time 
to market.  These assembly programs can be called by a C program or another assembly 
program.  These assembly optimized programs are called benchmarks and are 
collectively called the DSPLIB.  TI provides separate benchmarks for the following DSP 
generations: TMS320C62x, TMS320C64x and TMS320C67x.  The benchmark programs 
for the TMS320C67x DSP are listed in Table 17.2.  These programs are categorized as 
follows: 
 

1. Adaptive filtering 
2. Correlation 
3. FFT 
4. Filtering and convolution 
5. Math 
6. Matrix 
7. Miscellaneous 

 
The DSPLIB programs are free and can currently be download from the following TI 
web site: http://focus.ti.com/docs/toolsw/folders/print/sprc121.html.   
 
The TMS320C67x DSP Library Programmer’s Reference Guide is a good place to start 
when writing C or assembly language code for the TMS320C6713 DSP. It gives 
instructions on how to install and use the DSPLIB relative to the C67x DSP.  This 
reference guide is available at: http://focus.ti.com/lit/ug/spru657/spru657.pdf. (119 pages) 
 
Furthermore, examples of how signal processing programs should use the DSPLIB are 
given in following TI reference at: http://focus.ti.com/lit/an/spra947/spra947.pdf. (18 
pages) 
 
Category Available Programs 
Adaptive Filtering sp_lms 
Correllation sp_autocorr 
FFT sp_bitrev_cplx, sp_cfftr4_dif sp_cfftr2_dit, sp_fftSPxSP, sp_ifftSPxSP, 

sp_icfftr2_dif 
Filtering and 
convolution 

sp_fir_cplx, sp_fir_gen, sp_fir_r2, sp_fircirc, sp_biquad, sp_iir, sp_iirlat, 
sp_convol 

Math sp_dotp_sqr, sp_dotprod, sp_dotp_cplx, sp_maxval, sp_maxidx, sp_minval, 
sp_vecrecip, sp_vecsum_sq, sp_w_vec, sp_vecmul 

Matrix sp_mat_mul, sp_mat_trans, sp_mat_mul_cplx 
MIsc sp_blk_move, sp_blk_eswap16, sp_blk_eswap32, sp_blk_eswap64, 

sp_fltoq15, sp_q15tofl, sp_minerror 
 

Table 17.2.  TMS320C6700 Benchmark Programs. 
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Finally, if you want to develop DSP algorithms by TI’s standards you should follow the 
TI’s guide lines and rules called eXpressDSP™- Compliant.  Several developmental 
references are provided at the following web address: 
http://focus.ti.com/docs/toolsw/folders/print/sprc116.html  
 
Helpful eXpressDSP™- Compliant user guide documents at this location include the 
following: 
 
TMS320 DSP Algorithm Standard Rules and Guidelines: 
http://focus.ti.com/lit/ug/spru352e/spru352e.pdf (137 pages) 
 
TMS320 DSP Algorithm Standard Developer’s Guide: 
http://focus.ti.com/lit/ug/spru424c/spru424c.pdf (48 pages) 
 
TMS320 DSP Algorithm Standard Demonstration Application: 
http://focus.ti.com/lit/ug/spru361e/spru361e.pdf (137 pages) 
 
TMS320 DSP Algorithm Standard API Reference: 
http://focus.ti.com/lit/ug/spru360c/spru360c.pdf (117 pages) 
 

17.3. Getting star ted with Code Composer  
Texas Instruments provides several references for getting started.  One is the Code 
Composer Studio v3.0 Getting Started Guide located at the following web 
address: 
http://focus.ti.com/lit/ug/spru509e/spru509e.pdf (151 pages) 
 
This document and several others can found at the following TI site: 
http://focus.ti.com/docs/toolsw/folders/print/ccstudio.html#technicaldocuments 
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17.4. Setting up the TMS3206713 DSK and installing DSPLIB 

This Section introduces the tMS320C6713-225 DSK and shows how to setup the DSK kit 
and how to install the benchmark C67x DSP library. 
 

17.4.1. Introduction to the TMS320C6713 DSK 
 
The TMS320C6713 DSK from Spectrum Digital Incorporated has the interfaces list in 
Table 17.3.  These are shown in Figure 17.1 relative to the TMS320C6713 DSK board. 
 
 
Category Quantity Items 
Expansion connectors 3 J4, Memory expansion connector 

J3, Peripheral expansion connector 
J1, HPI exapansion connector 

Audio connectors 4 J301, microphone in connector 
J303, Audio stereo line in connector 
J304, Audio stereo line out connector 
J302, headphone out connector 

Power connectors 
 

2 J5, +5 volt connector 
J6, optional 12 volt power connector 

Miscellaneous connectors 
 

 J201, USB connector 
J8, External JTAG connector 
JP3, PLD programming connector 
System LEDS: LED7, LED8, LED9, LED10 
SW2, Reset switch 
 

 

Table 17.3.  TMS320C6713 DSK interfaces. 
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Figure 17.1.  TMS320C6713 DSK layout showing hardware interfaces. 
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17.4.2. Procedure for  setting up the TMS320C6713 DSK with DSPLIB 

The procedure for setting up the the TMS320C6713 DSK is: 
 

1. Acquire the items listed inTable 17.4 before beginning the TMS320C6713 
configuration. 

 
Equipment Description 
TMS320C6713 DSK board and acessories to 
connect to PC, powers cords, etc 

TMS320C6713-225 DSP Development board, 
spectrum Digital, $395.00 

Code composer Software development software, comes with DSK  
C67x DSPLIB TMS320C6713 DSP library, see Section 17.2.1 on 

page 176 on where to download 
C67x Software Developer guide Texas Instrument software development guide 
Computer or Lap Top Computer for running code composer software and 

for interfacing to TMS32C6713 DSK via USB 
cable, etc. 

Table 17.4.  List of items required for setting up the TMS320C6713 DSK. 

 
2. Power up the DSK kit and connect it to the computer using the required cable.  

Install code composer on the computer.  When the installing is complete the 
software will ask whether you would like to test the DSK board.  Select Yes to 
verify the board and its interfaces are working properly. 

3. Download the C67X DSPLIB from the Texas Instrument Website given in 
Section 17.2.1 on page 176.  Save this file, called c67xdsplib.exe into a directory. 

4. Open the file, C67xDSPLIB.exe. a.) Click Yes to install the library. b.) Click 
Next to continue with the Install Shield Wizard.  c.) Read the Software Licenses, 
and choose either “ I accept”  or “ I don’ t accept.”   d.) if the click “ I accept”  the 
software installation will continue otherwise it will end. 

5. Choose the location where you would like to install the library. The wizard will 
install the library into the c6700 sub-directory of the parent directory you choose. 
The default parent directory created is c:\ti.  Now click next.  Therefore, by 
default the directory structure created should be c:\ti\c6700\. 

6. If the library has already been installed, you will be prompted to decide whether 
to replace the files or not. Click Yes to update the library.  The Install Shield will 
complete the installation. When the installation is complete, click Finish. 

7. In summary, the completed installation should have installed Code Composer 
Studio (CCS), DSK drivers, CCS and DSK test desktop icons, C67x DSPLIB, and 
tested your TMS320C6713 DSK board. 
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18. Getting star ted with reference frameworks for  the TMS320C6713 DSP 
Reference framework 3 is prewritten software to help the developer get started 
quickly.  You will learn how to use this software to get started in this section. There 
are currently three reference frameworks available: 
 

1. Reference Framework 1 (RF1) 
2. Reference Framework 3 (RF3) 
3. Reference Framework 5 (RF5) 

The documentation for reference framework 3 is located at: 
https://www-
a.ti.com/downloads/sds_support/targetcontent/RF/RF%202.2/spra793d.pdf. 
 
 

18.1. Procedure for  installing and using RF3 for  the TMS320C6713 DSP 
The procedure for implementing a FIR filter using Reference Framework 3 is given as 
follows: 

1. Acquire the items listed in Table 18.1. 
 
 

Equipment Quantity Descr iption 
TMS320C6713 DSK 
board and acessories 
to connect to PC, 
powers cords, etc 

1 TMS320C6713-225 DSP Development board, spectrum Digital, $395.00 

Code Composer 2.2 
or greater 

1 Software development software, comes with DSK(code composer getting started 
guide:  
http://focus.ti.com/lit/ug/spru509e/spru509e.pdf (151 pages) 
 

Download Reference 
Framework 3 
software to 
c:\ti\myprojects 

1 https://www.ti.com/downloads/sds_support/targetcontent/RF/index.html 
 

Computer or Lap 
Top  

2 Computers for running code composer and Matlab software and for interfacing to 
TMS32C6713 DSK via USB cable, etc. 

Matlab software  1 Digital signal processing software for designing and analyzing filters, signal 
generation, etc 

Audio jack cable  1 Audio jack cable for interfacing the computers’s audio output port to the 
TMS320C6713 DSK’s audio input port 

Computer speakers  1 Speakers to listen to Matlab generated sound 
Computer 
microphone  

1 Microphone for recording sounds 

Table 18.1.  List of items required for implementing a FIR filter in the TMS320C6713 
DSK board using Reference Framework 3. 

 
2 Power up the DSK kit and connect it to the computer using the required 

cable.  Install code composer on the computer.  When the installing is 
complete the software will ask whether you would like to test the DSK 
board.  Select Yes to verify the board and its interfaces are working 
properly. 
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3 Download the reference framework 3 (RF3) executable file, 
setup_r f_v2_20_win32.exe, from the following URL: 

https://www.ti.com/downloads/sds_support/targetcontent/RF/index.html 
 
Once downloaded, install the RF3 in the following directory under the code composer 
directory: myprojects/  For example, if your code composer studio is installed under 
c:\ti, then the RF3 files should be installed in the following path: c:\ti\myprojects.  This 
installed the following files in your directory:  
rf_v2_20_00_08.zip,  
relnotes_rf_v2_20_00_08.htm,  
filediff_rf_v2_20_00_08.txt,  
_jvm, 
_uninst. 
 
Now, Unzip the zip file r f_v2_20_00_08.zip into the c:\ti\myprojects directory.   

2. Open an MS-DOS command prompt and run dosrun.bat from the CCS for your 
DSK installation. Look in c:\ti. 

3. Run the top-level build configuration script 
c:\ti\myprojects\referenceframeworks\buildConfig.bat. This 
will create DSP/BIOS configuration files (cdb©s) compatible with 
your DSK release, for all Reference Frameworks levels (RF1, RF3, 
RF5, etc).  Another way is to just run makeConfig.bat in the 
individual RF Level board port of interest (e.g. 
c:\referenceframeworks\apps\r f3\dsk6713).  

4. Now start CCS, open the RF project for your board by selecting 
Project->Open 
c:\ti\myprojects\referenceframeworks\apps\r f3\dsk6713\app.pj
t 

5. Go to Project -> Build Options. Add the following include path:  
-i" $(Install_dir )\c6000\xdais\include" . 

6. Now, build the application for your board by choosing Project-
>Build 

7. Load the program into your DSP board by selecting: File -> Load 
Program. 

8. Choose Debug-> Run. 
9. Prepare your TMS320C6713 board as shown in Figure 18.1 for 

sending voice data.  Connect your microphone to the PC’s input 
audio port as shown.  Connect the USB cable from your computer 
to your DSK board.  Connect a computer speaker to your DSK’s 
board audio output port.  Connect a audio cable from your PC to 
the DSK’s input audio port. 

10. Record 5 seconds of voice speech to the file sp0dat.  Send this to 
the DSK board.  Play it back using speakers connected to the PCs 
audio output port.  Now send it to the DSK board. 
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11. As an alternative you can also play a tutorial from from TI’s code 
composer install on your PC to test the code.  Go to the Help menu 
and select tutorials. 

12. While the speech file or tutorial is playing choose File->Load 
GEL and select app.gel which is located in the project folder. This 
file activates a graphical user interface (GUI) which can be used to 
send control data to the DSP’s memory causing one of two 
channels to be active or inactive.  The volume can also be 
controlled. 

13. Now choose GEL->Application Control->Set Active 
Channel.The down position of the slider select channel 0 and the 
up position of the slider selects channel 1.  Channel 0 is filtered 
using a low pass filter while channel 1 is filtered using a high pass 
filter.  Listen to the sound coming from the speakers as you raise 
and lower the controls. 

14. Now choose GEL->Application Control-
>Set_Channel_0_Gain.  Change the position of the slider for 
various values ranging from 0 to 200 and listen to the sound 
coming from the speakers. 

15. Repeat the previous step for channel 1.  That is, choose GEL-
>Application Control->Set_Channel_1_Gain. 

 
 
 
 
 
 
 
 

 
 
 
 
 
 

Figure 18.1.  Illustration of how two computers are connected to DSK board for testing reference 
framework. 
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19. FIR filter  design using Matlab and Implementation using the TMS320C6713 
DSK 

In this section we design a finite impulse response (FIR) filter and test it using Matlab, 
then implement the filter in the TMS320C6713 DSP. 
 

19.1. Procedure for  Designing a FIR Filter  in Matlab. 
The procedure for design an FIR filter is as follows: 

1. Open Matlab. 
2. Design a 40 tap FIR filter, h[n], using the required specifications in the 

Figure 19.1.  The pass-band must be maximally flat.  One algorithm to 
do this is the remez() algorithm.  Save the coefficients to the variable 
hn0dat.  Save as ascii data using the save command. 

3. Plot h[n] using the stem() function.  Print results. 
4. Plot the magnitude and phase response verses frequency.  Save the 

magnitude of h[n] to the variable hn0datmag and its phase to 
hn0datang.  Print results.  Display the magnitude in dB. 

 
 
 

 
 
 
 
 
 
 
 
 
 
 

 
 

Figure 19.1.  Lowpass filter specifications. 
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19.2. Procedure for  Implementing a FIR Filter  in the TMS320C6713 DSP 
The procedure for implementing the FIR filter in the previous section is as follows: 

2. Acquire the items listed in Table 19.1. 
 
 
 
 
 
Equipment Quantity Descr iption 
TMS320C6713 DSK board and 
acessories to connect to PC, powers 
cords, etc 

1 TMS320C6713-225 DSP 
Development board, spectrum 
Digital, $395.00 

Code composer 1 Software development software, 
comes with DSK  

C67x DSPLIB 1 TMS320C6713 DSP library, see 
Section 17.2.1 on page 176 on 
where to download 

C67x Software Developer guide  1 Texas Instrument software 
development guide 

Computer or Lap Top  2 Computers for running code 
composer and Matlab software and 
for interfacing to TMS32C6713 
DSK via USB cable, etc. 

Matlab software  1 Digital signal processing software 
for designing and analyzing filters, 
signal generation, etc 

Audio jack cable  2 Audio jack cable for interfacing the 
computers’s audio output port to the 
TMS320C6713 DSK’s audio input 
port 

Computer speakers  1 Speakers to listen to Matlab 
generated sound 

Computer microphone  1 Microphone for recording sounds 

Table 19.1.  List of items required for designing and implementing a FIR filter in the 
TMS320C6713 DSK board. 

 
3. Acquire the lowpass FIR filter coefficients h[n] from Section 19.1 on page 184.  

Prepare them for impementation inside the DSP. 
4. Use Matlab to generate a sum of sinusoidals as follows: 

      

x(t)=5sin(2p200t) + 2sin(2p1500t) + sin(2p3200t)                     Eq. 1 
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Save this signal to the Matlab variable xndat.  One way to generate the signal x(t) in 
Matlab is more C like as follows:  
 
fs= 44100;   % sample rate in samples per second 
Ts=1/fs;  % sampling period 
M=100000;  %number of desired samples 
for i =0:M 

t(i+1)=Ts* i; 
xndat(i+1)= 5*sin(2*pi*200/fs *  i) + 2*sin(2*pi*1500/fs *  i) + sin(2*pi*3200/fs *  i); 

end; 
plot(t,xndat);  title(‘x(t)=5sin(2p200t) + 2sin(2p1500t) + sin(2p3200t)’ ); 
xlabel(‘ t (time)’  ); 
ylabel (‘Amplitude’ ); 

 
Another way to generate the signal x(t) in Matlab is more Matlab script like as 
follows:  
 
fmin=200;  % minimum signal frequency 
Tmax=1/fmin;  % maximum period 
fs= 44100;   % sample rate in samples per second 
Ts=1/fs;  % sampling period 
t=0:Ts:5*Tmax;    % generate 5 periods of the signal x(t) 
xndat= 5*sin(2*pi*200.* t) + 2*sin(2*pi*1500.* t) + sin(2*pi*3200.*  t); 
plot(t,xndat);  title(‘x(t)=5sin(2p200t) + 2sin(2p1500t) + sin(2p3200t)’ ); 
xlabel(‘ t (time)’  ); 
ylabel (‘Amplitude’ ); 

 
5. Plot a 3ms window of the signal x(t) in Matlab and save for records.  One way to 

do this is to determine the number of samples required for a 3 ms window.  The 
sampling rate is fs with the units samples per second.  Using the window size and 
seconds it is easy to determine the number of samples given by: 

 

ondsfs

onds
onds

samples
samples

sec

sec
sec

´=

�
�

�
�
�

�
=

 

 
Therefore, to plot 3ms of the signal x(t) requires 44100 ´ 3x10-3 = 132 samples.  The 
Matlab code to do this is: 
 

plot(t(0:131),xndat(0:131) );  title(‘x(t)=5sin(2p200t) + 2sin(2p1500t) + sin(2p3200t)’ ); 
xlabel(‘ t (time)’  ); 
ylabel (‘Amplitude’ ); 
 

To plot ½ second requires 44100 ´ 1/2 = 22050 samples. The Matlab code to plot a ½ 
second window is: 
 

plot(t(0:22049),xndat(0:22049) );  title(‘x(t)=5sin(2p200t) + 2sin(2p1500t) + sin(2p3200t)’ ); 
xlabel(‘ t (time)’  ); 
ylabel (‘Amplitude’ ); 

Any window in the signal will do not just from 0 to samples –1 as shown in these examples. 
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6. Use waveplay() to play this sound to the computer’s audio port and listen to it 

using your computer speakers.  Explain what it sounds like. 
7. Now, plot the magnitude and phase plot of 3 seconds of x[n] verses frequency.  

Save the magnitude to the variable xndatmag and the phase to xndatang.    Plot 
and print the Figure generated.  Explain what you see. 

8. Now filter the xndat using the filter h[n].  Save the filtered xndat to the variable 
xnfilt0dat. 

9. Test the DSK hardware using the installed desktop icon called “6713 DSK 
Diagnostics Utility” .  Open code composer studio using the desktop icon called 
“C6713 DSK CCS”.  Setup the DSK to with the programs to read data from the 
stereo audio port, filter the data, and send it back to the stereo and headphone 
output ports.  Now connect the computer’s audio output port to the audio input 
port of the DSK and play x[n] using wavplay().  This is illustrated in Figure 19.2.  
Use the DSPLIB filter to implement the filter and filter the sound coming from 
the computer’s audio port.  Play the filtered signal in real time back to the DSK’s 
audio output port and listen to it using your computer speaker.  Explain what it 
sounds like. 

 
 
 
 

 
 
 
 
 
 

Figure 19.2.  Illustration of computer connected to DSK board and DSK connected to speaker. 

 

 
 

10. Now while filtering the sound in real time using the DSK record the sound in 
Matlab to the variable xndskfilt0dat.  This is illustrated in Figure 19.3.   

DSK Audio 
output 

Speaker 
DSK Audio 
input 

Computer 
Audio 
output 

Audio Cable 

Computer and 
Matlab 
wavplay() or  
wavrecord() 

TMS320C6713
DSK 

USB Cable 

Computer 
Microphone  



Wireless Projects, Version 7.5.3 - DEVRY     Page 188 3/13/2006 
 

 188

 
 
 
 
 
 

 
 
 
 
 
 

Figure 19.3.  Illustration of how two computers are connected to DSK board. 

 
 
 
11. Plot the magnitude and phase plot of xndskfilt0dat.  Save the magnitude in the 

variable xndskfilt0datmag and the phase in xndskfilt0datang. 
12. Now, using Matlab record the phrase “What Has God Wrought”  using your 

computer’s microphone.  Record the phrase to the variable s0dat.  Print the whole 
phrase from Matlab.  Now plot and print a 300 ms window of the word “God”  in 
the recorded phrase.  Preferably select any  300ms in the “G” . 

13. Now plot the magnitude and phase of the 300 ms window.  Save the magnitude in 
the variable s0datmag and the phase in s0datang.  

14. Filter the phrase s0dat in Matlab using h[n].  Save the filtered phrase to the 
Matlab variable s0filt0dat.  Plot the same 300 ms window used in step 10.  Write 
down what you observed. 

15. Now , using the filtered s0filt0dat, plot the magnitude and phase of the same 300 
ms window in step 11.  Save the magnitude to the variable s0filtdatmag and the 
phase to the variable s0filtdatang. 

16. Connect the audio cable from the computer audio output to the DSK audio input 
port.  Play the s0dat file to the computer’s audio port while using the DSK to 
filter (using h[n]) the sound in real time while playing it to the speaker.  Record 
how it sounds.  This is illustrated in Figure 19.2.   

17. Now connect the DSK’s audio output port back to the computer’s audio input port 
as shown in Figure 19.3.  Now play the s0dat file from Matlab while recording it 
on another computer.  Save the recorded data to s0dskfilt0dat. 

18. Plot the magnitude and  phase plot of s0dskfilt0dat using the same 300 ms 
window from setp 11.  Save the magnitude in the variable s0dskfilt0datmag and 
the phase in the variable s0dskfilt0datang. 

19. You are done!  Have the professor  ver ify your  work. 
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20. Project 10 –Speaker  Identification using the Texas Instrument TMS320C6713 
Digital Signal Processor  (DSP) 

The requirements of this project are given next. 
 

20.1. Project 10 Requirements 
The requirements for project 10 are as follows: 
1. Modify Reference Framework 3 where applicable for the requirements of this 

project. 
2. Record 21 seconds of the following speech phrase for each member in the group: 
 
We Were a Way a Year  Ago 
 
Use 1 second breaks between phrases.  You must repeat this phrase until at-least 21 
seconds are complete. 

 
3. Must send recorded speech phrase for each group member to the DSK for speaker 

identification. 
4. Must use two channels in the DSP to process the speech from the codec.  
5. Implement a bandpass filter and volume control in each channel. 
6. Implement a level crossing analysis after each bandpass filter in each channel. 
7. Implement a threshold detection analysis after each level crossing analysis in each 

channel. 
8. Implement an algorithm that uses the threshold analysis from each channel to 

determine who the current speaker is. 
9. After the current speaker is determined display a message indicating the speaker 

using one of the following methods: 
 
a. Using an LED on the DSP board that is unique to each speaker that lights up when 
speaker is ifdentified. 
b. Storing a phrase of the speaker’s voice in memory and sending the speaker’s voice 
to a speaker when identified. 
c. Sending a sinusoidal sound to the speaker which is unique to each speaker 
d. Displaying the speaker’s name on an LCD display. 
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21. Robotic Electronic Component Stores 
A list of stores for purchasing parts is listed in Table 21.1. 
 
Name and phone Website 
WyJen Technologies http://www.wyjen.com 
Radio Shack, 800-843-7812 http://www.radioshack.com 
Tech America, 800-877-0072 http://www.techam.com 
Digikey, 800-344-4539 http://www.digikey.com 
Mouser, 800-346-6873 http://www.mouser.com 
Small Parts, Inc, 800-220-4242 http://www.smallparts.com 
Robot Store, 800-374-5764 http://www.robotstore.com 
Tower Hobbies, 800-637-6050 http://www.towerhobbies.com/ 
Robson company http://www.robson.com 
Home Depot Local Store. 
Menards Local Store. 
  
  
 

Table 21.1.  List of component distributors. 

 
The various distributors in Table 21.1 provide the following components as described: 
1. WyJen Technologies: wireless transmitters and receivers. 
2. Tower Hobbies:  Tires, wheels, different types of servo motors, etc. 
3. Digikey: Many electronic components, including transmitters and receivers, 
connectors, etc. 
4. Radio shack: solder, tools, electronic components, wire, electronic components, battery 
packs, connectors, etc. 
5. Mouser: Many electronic components including transmitters, receivers, connectors, etc 
6. Home depot, Marnard, etc: hardware parts such as plexi glass, screws, nuts, washers, 
caster wheels, etc. 
7. Robson company : 1490 compass 
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