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1. Basic Electronics
In this Chapter it isimportant to know afew basic concepts before moving forward.
These can always be revisited when the need arises. Basic Electronicsinclude 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
Theresistor 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).

Five band resistor

Color Color 1% or 2" Band 3rd Band Multiplier
1% Band: iy o Decimal Number
Significant Digit Black _ 0 1

Brown B 10
| Red B 2 100

e —— Orange T BE 1000
Significant Digit Yellow 4 10000

Green B 100000

Blue B < 1000000

Violet B 10000000

3¢ Band: Gray I s 100000000
Multiplier White 9 1000000000
Gold -- 0.1
Silver -- 0.01
4" Band: Other Notes:

The 4™ band currently has two colors: Gold for 5% tolerance and

silver for 10% tolerance.

The 5™ band uses the following colors for precision: brown for
= B, +1%, red for £2%, green for £0.5%, blue for £0.25%, and violet
Precision or for £0.1%.

Reliability

Figure1.1. Resistor color code for carbon resistor.
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1.2. TheLED

The LED iscalled aLight 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 whenitison. 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 anodeistypically represented by the longest side whilethe cathodeis
the shortest side. The cathodeisalsoindicated by theflat side.

vl

Anode N Cathode
-

Figure 1.2. LED representation showing anode and cathode.




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

1.3. Capacitors
A capacitor can be created by placing two platesin 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:

_8.85*k* A

10%s
where A isthe area of the plates facing each other in inches, k is the dielectric strength of
the material between the plates, and sis the separation between platesin meters, and Cis
the capacitance in uF. See Figure 1.3 for the general construction of a capacitor.

C

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 thiscase 10. The 3 digit represent
the multiplier exponent using 10 as the base. The number 3 gives a multiplier of
10°=1000. The next character is a letter representing the tolerance.

Connecting wire

Type of dielectric (k)

Plate area (A)

Figure 1.3. Construction of a capacitor.

Dielectric thickness (s)
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1 digit

2" digit

3/13/2006

Number

Multiplier

1

10

100

1000

AIWINRF|IO

10000

Tolerance

Multiplier

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

Tolerance for C<10pF
L etter Tolerance
B +0.1pF

C +0.25pF
D +0.5pF

F +1.0pF

Figure 1.4. Four character capacitor code for ceramic capacitors.

Tolerance for C>10pF

—

etter

Tolerance

+25%

+1%

+2

+2.5%

+5%

+10%

+20%

0-100%

-20 to 50%

0 to 200%

-20 to 40%

NIX|s|»n|o|Z|x|<|T|o|n|m

-20 to 80%

—4
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1.4. Inductors

The inductance of an inductor is measured in Henrys. It can be calculated by the
following formula:

N
>

L=1257"10""" M

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

Areaof Coail (A)

Coil \
~
L
~—
-
AN,
N turns

Figure 1.5. Construction of an inductor.
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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 areview.

A typical VHDL file contains two main structures:
a. theentity and
b. the architecture.

The entity declares the signals coming in and the signals going out of the VHDL module.
For the purpose of thistext, | 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 namesin VHDL. These arelisted 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 M achines
The basic build blocks of the state machine are combinational and sequencial logic. The
sequencia 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. Toplevel VHDL Codefor therobot

Thetop level code for the robot is described in this chapter.
3.1. Example of robot_top.gdf or robot_top.vhd showing serial and
ADCO0804/ADCO0838 interfaces
The CPLD consists of one top level graphic design file module called robot_top.gdf using
the Alter Max-Plus || PLD software This can aso be done completely in VHDL. It
contains the following VHDL modules:

decoder_ctl.vhd
reg_ctl.vhd
pipo_ctl.vhd
a2d0804 _ctl.vhd
d2a0808 _ctl.vhd
compass_ctl.vhd
ir_ctl.vhd
servo_ctl.vhd
. IX_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.

CoNoour~wWNE

311 decoder.vhd
The decoder.vhd modul e 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. Itis
optional. If used, each module can then perform atask 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 datais an
address packet or data packet. If adata 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 busis 8 bitswide. Another method isto 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 byteis placed on the data bus or
data bus depending on header info.
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robot_top.vhd

Filterbank
Mic and Zero .
input Crossings reg_ctl vhd: 7 Altera
8 bit Control register can be set ?fnrlﬁgt
through serial or parallel interface CPLD
Speak vhd: .
sghre](;tc?rr - 3 rs%nL;t: L';‘i E:f: Speakerid_ctl.vhd
gl 7 acontrol register Control t dul
:g;g(:; ming ontrol to go ules
—> I m tracktape.vhd
left light sensor A !
right light sensor
8/ 8 , Command bu$
Data bus / / _Srervofctr: .vredf: » Left servo
urn right, left, motor
N
decoder_ctl.vhd lects forward: Speed
» - up, slow, fast
i detect 8/ ir_ctl.vhd ’ ’ Right
ir detector sensor
input A > Servo
» Mmotor
L timing + timing
Serial datainput >l {‘ Leftir LED
rx_uart_ctl.vhd PIPO_ctl.vhd ti mﬁg RrarePLED
1490 compass —4PH - Y L
7
AID Control signals < L}/ Ok > | >
A/D ADC0804/0838 8/ > id compass_ctl.vhd
paralel datainterface 7 a2d0804._ctl.vhd or >
a2d0808_ctl.vhd or A bit
ad20838.vhd n-bi
> d2a0808_ctl.vhd 7 11yl pac
eoeo % &pmp
speaker
8 Sensorl _ctl < $
memory
loopback_ctl.v
v hd
SensorN_ctl < >
4Mhz Clock , s
_< // \y
38KHz clocks timing_ctl.vhd -
to IF LEDs S Serial data
) x_uart_ctl.v out
/ >
v >
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3.14. a2d0804 _ctl.vhd
The a2d0804 _vhd module provides the control signals required for the ADC0804 A/D
chips. Theresulting 8 bit parallel data conversion is latched and placed on the data bus.
This data can also be seriaize by the tx_uart_ctl.vhd module and sent to a
microprocessor. |f 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.

3.15. d2a0808 ctl.vhd
The digital to analog control module, d2a0808.vhd, send digital datato the 8-bit
DACO0808. Digital datais converted to analog data using the correct timing. This data
can be voice synthesis data, etc.

3.1.6. sensor N_ctl.vhd
The sensorN_ctl.vhd modules represent multiple sensors, up to N sensors, connected to
the a2d_ctl.vh module. Each sensor modul e 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 sensorl_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
Their_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 isthe 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_uart_ctl.vhd
The rx_uart_ctl.vhd module converts the received asynchronous serial datato 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_uart_ctl.vhd
Thetx_uart_ctl.vhd is used to convert parallel datato serial data using the RS-232 UART
protocol, that is, one start bit, 8 data bits, and 2 stop bits. The choice of datais from the
data bus or the a2d_ctl.vhd module. Thetx_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
Thetiming_ctl.vhd module provides timing to al 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 aleft turn command to the servo control module. The servo control module
(servo_control.vhd) then sends the correct frequenciesto the left and right servo for aleft
turn. When the robot’ s right sensor detects darkness an active low is sent to the
tracktape.vhd module. The module then sends aright 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. speakerid_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 typeisthe
20 pindua inline (DIP) package. The analog input voltage rangeis 0 to VCC volts.
The supply voltage input is represented by VCC. It's maximum is 6.5 volts. The
ADCO0804 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, DO, D1, ...D7.

3.2.1. Start conversion
Conversion of an analog voltage on the differentia inputs, Vin+ and Vin-, begin when

the chip select, CS, islow 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 isinitialized 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 DO, D1, D2, D3, D4, D5, D6, and D7.

3.2.2. Read converted 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 (DO, D1,.... D7).

The four digital control signals are summarized in the Table 3.1.

Digital control inputs Active function
CSl/I Chip select
RD/I Enable output
WR/I Start conversion
INT/O Datais 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 theread, 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 ADCO0804.
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R
cs — @ 0 = Ve —\WV—e
ADCO0804
RD [ 2 19 ﬁ CLK R
WR [ 3 18 — DO —_c
1L
CLK IN [——] 4 . — 1 pg =
INT 5 16 D2 Note: Connecting the clocks
in thisway isthe self
Vi, + [ &6 15 — 1 D3 clocking configuration of the
ADCO0804. The frequency of
theinternal clock, fclk, is
Vi, - b— 7 14 1 D4 calculated by the values of
the external resistor and
capacitor by the following
A GRD — 8 13 — D5 relationship:
— I fclk=1/(1.7RC)
Via /2 9 12 D6 R=10KW
D GRD C— 10 1 1 D7

Figure 3.2. Pin configuration for the ADC0804 chip. Please see the ADC0804 datasheet for more
information.
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3.24. Procedurefor 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
ADCO0804 is shown in Figure 3.4. Inthiscircuit the ADC0804 is configured in
freerunning mode. Thiscircuit consists of eight LEDs to verify the ADC0804' s
analog to digtal conversion, a potentiometer to produce atest 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 ADCO0804 chip in the DIP package to
do the analog to digital conversion. The LEDs are configured as active high.
Therefore, alogic 1 on the digital output (pins 11, 12, 13, 14, 15, 16, 17, and 18)
of a ADC0804 turns the corresponding LED on while alogic O turns the
corresponding LED off. You may start by constructing the circuit in Figure 3.4
now.

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 al turn on
with the other extreme. If thisisyour observation you are ready to go to the next
step if not you must troubleshoot the circuit until it isworking. If all
troubleshooting fails change the chip — you may have a bad chip.

The next step isto interface the working ADC0804 in the previous step to a
programmable logic device (PLD). Figure 3.5 shows the schematic of the
ADCO0804 chip interfacing to aPLD, in this case, the Altera EMP7128SL C84.
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 compileit. Before compiling the code save
it asa2d0804 ctl.vhd. Thisisthe same name as the entity name. Most compilers
such as the Altera VHDL compiler requiresthisto be done, else there will be an
error in the compilation.

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

Now refer to Figure 3.3 for all pin assignments. Y ou must now assign pinsto the
following outputs:cs, rd, wr, and write led. Now assign pins to the following
inputs: DO, D1, D2, D3, D4, D5, D6, D7, started, and int. The following outputs
must be assigned to LEDs: YO, Y1,Y2,Y3, Y4, Y5, Y6, and Y7. Compilethe
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

—8
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in free running mode. This input should be connected to an active low push
button. Theinput 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 a4MHz
clock. Theinput write LED isused for testing purposes; it is connected to an
active low LED. When an active write (either from a2d0804_ctl.vhd or startad)
occursthe LED lights up. Note that the footprint for ADC0804 isgiven 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 Table3.2. ThisTableis
provided for you to assign and write your own pin assignments (numbers) in the
column provided. Only the signalslisted in the table need pin assignments, so
ignore all other signalsin Figure 3.6. Further information about the ADC0804' s
electrical characteristics, applications, and use, etc., can be sought in the
ADCO0804 datasheet.

ADCO0804 pin name ADCO0804 pin Figure 3.6 signal name Your pin assignments
[/chip input(l) or number /PLD chip input(l) or
output(O) output(O)
Cs/I 1 cs/O

RD /I 2 rd/O

WR /I 3 wr/O

INT /O 5 int/l

D0/O 18 DO/I

D1/0O 17 D1/l

D2/0 16 D2/|

D3/0 15 D3/l

D4/0O 14 D4/|

D5/0 13 D5/|

D6/0O 12 D6/I

D7/0 11 D7/|

N/A N/A write LED/O
N/A N/A startad/|

N/A N/A clk/l

N/A N/A YO0/O

N/A N/A Y10

N/A N/A Y2/0

N/A N/A Y3/0

N/A N/A Y 4/0

N/A N/A Y5/0

N/A N/A Y6/0

N/A N/A Y7/0

Table 3.2. Assignment of names on AlteraMAX PLUS I graphic file to ADC0804 pin humber. You
must make sure that the indicated inputs and outputs in the MAX PLUS Il 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 (1) or output (O)] and write the assigned PLD pin
number in the column provided (last column to right).
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[

ADCO0804

PLD Chip

PLD Pin58 - DO
PLD Pin57-D1
PLD Pin 56 - D2
PLD Pin55- D3
PLD Pin54 - D4
PLD Pin 52 - D5
PLD Pin51 - D6
PLD Pin50 - D7

PLD Pin8—-RD
PLD Pin5-CS
PLD Pin4-WR
PLD Pin2-INT

To Led 0 and DACO0808: PLD pin 25—-Y0
ToLed 1 and DACO0808: PLD pin 24-Y1
To Led 2 and DACO0808: PLD pin 22-Y2
To Led 3 and DACO0808: PLD pin 21-Y3
To Led 4 and DACO0808: PLD pin 20—-Y4
ToLed 5and DACO0808: PLD pin 18—-Y5
To Led 6 and DACO0808: PLD pin 17-Y6
ToLed 7 and DACO0808: PLD pin 16-Y7

PLD Pin 15 - write LED

PLD Pin 83 - clk

PLD Pin 70 - startad

= ——
| SR S
R

Figure 3.3. Pin assignments for the digital circuit in Figure 3.6. The PLDs meeting these
pin assignments are: Altera EMP7128SL.C84 or EMP7160SLC84. The ADC0804 and
potentiometer circuits are externa to the PLD platform while the LEDS, the oscillator for
generating clk, and pushbutton switch for startad reside on the PLD platform.
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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
ADCO0804: 1, 2, 3, 5. Thisincludesremoving R4 and the push button from the
circuit. Let the remaining components remain asthey are. Make sure the
ADCO0804 circuit shares the same ground as the PLD circuit. Also, if available
connect the 5V source from the PLD board to the 5V inputsin 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 viaint. Now turn the potentiometer
asyou did in step 2 thistime 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.

Vce =5volts Vce =5volts
: il
R1 R3=10K C1=150pF
Any Pot, eg, 10K, A 3 6 19 4 -
5K, etc. +Vin 1
12
R2 7 Vin ”
X Vce =5volts 20 IC2 14
= - ADCO0804 15
5 [
This pot is an analog R4 INTR 16
sensor. It's output at 1K — 7
pin 3 will be —  —  — | 13
cpn_verted into a ® o0 | WR CS RD
digital voltage by )
the ADCO804. = 3 !
®
@
Push button: push to start A/D
conversion after power up
= wX w %
R5=180W —
LED1 —{<{—’\/\/\/— LEDS _{<]_AR9_/\18/\0_V\
wX w%
LED2 <1_Fj§’;\1;3€"“_ LEDS i R10=180W
wX w%
LED3 ‘—{QWL LED7 @ ] R11=180W\
w wX
LED4 I % ] R8=180W LEDS ] R12=180W\

12
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Figure3.5. Low level Schematic of ADC0804 and PLD.
Vce =5volts Vce =5volts
! P
Analog sensor, e.g, Sensor R5=10K C1=150pF
potentiometer, Output ] 19 4 =
microphone, etc. , 11 PLD pin 50 - D7
+Vin
12 PLD pin51—D6
! -Vin 13 PLD pin 52— D5
20 IC2 14 PLD pin 54— D4
ADCO0804 15 PLD pin55—D3
> INTR 16 PLD pin 56— D2
£ 17 PLD pin57—-D1
— = — PLD pin 58— D0
10 WR CS RD -2
PLD = Programmable Logic Device
3 1 2
ToPLD pin2
From PLD pin4 -
From PLD pin 5
FromPLD pin 8
8/
/
Outputs
PLD platform P
PLD —
—  Led0 PLD pin 25-Y0
EMP7128SL.C84 ' —» |1 pLppin 24-v1
—®  Led2 PLD pin 22-Y2
—®  Led3 PLDpin 21—-Y3
—  Led4 PLD pin 20— Y4
Inouts ——» Led5 PLD pin 18—-Y5
P —— 9 Led6 PLD pin 17-Y6
1 » Led7 PLDpin 16-Y7

Control Switches
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AZDO8684_CTL E

STARTAD
INT

cLK

Do "

- wR— P RE

oz WRITE _SELEC s '

D3 READ_SELEGC = I L O =54 -
04 YL7. .01

os

[T

07

Figure 3.6. The analog to digital control module in AlteraMax Plusil.
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3.25. 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;

useieeestd logic 1164.al;

-- 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;

DO, 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 (intevent and int=@Jthen
Y<=D7& D6 & D5& D4 & D3 & D2 & D1 & DO;
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@vent and clk=@Gthen
if (startad = @Qor int=©gthen
cnt:=0;
elsif (startad = ©C)then
cnt:=cnt+1,
end if;
end if;

-- startad is active high

if (startad = ©@@nd cnt=1)then
--initialize write signal to 1
wr<=a®

write_select<=@®

elsif (cnt=2 and int=@®then
write_select<=0©

15
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wr<=a®

elsif (cnt=3 and int=@®then
wr<=0®

write_select<=0©

elsif (cnt=4 and int =@®then
wr<=ao®

write_select<=0©

elsif (cnt=5 and int =@®then
write_select<=00©

wr<=Q@©
else
wr<=Q©
write_select<=@Q©
end if;
end process;
-- Free running mode, grd rd and select
read_select<=0©
rd<=0©®
end atod;
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3.3. Thedigital to analog converter circuitry and VHDL code for the
DAC0808
The digital to analog converter circuitry is used for converting adigital signal to an
analog signal. The dac0808_ctl.vhd module smain job isto capture the digital data and
send it to the DAC at theright time. Let’s start by building the DAC circuitry and testing
it to insure that it is working properly before going on. Thisis explained in the next
section.

3.3.1L Procedure for Building and Testing the DAC0808 cir cuitry
The pin configuration of the DAC0808 isshowninFi gure 3. 7. Thisversion of the
DACO0808 isa 16 pin DIP. Itisvery important to know that pin 9 is the most significant
bit and should be connected to the MSB in the digital datato be converted. Alsopin16is
the least significant bit.

NC — 1 @ 16 —— Compensat
GRD —, DAC0808 ; e )
Vee —1 s 14— Vref (+)
lo E— 4 13 — Vcce

MSB A1 — . s — A8 LSB
A2 — s 11 —— A7
A3 —1 < 10 1 a6
A4 — 0 ——1 A5

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 aDACO0808 is given below:

1. Compilethe 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
givenin Figure 3.9 on page 20. These pins are aso 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.

Mote: %7 = 15.625Khz if clk=4hhz

Figure 3.8. Illustration of two 8 bit counters used to drive the DACO0808 circuit. Thefirst 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 DACO0808. The second 8 bit counter counts from 0 to 255 at a slower rate than the 1%.
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,4x10%2", n=1,2,3,...16; input
counter clock frequency = 4Mhz

Qo AMhz/2'=2Mhz

Q AMhz/2°=1Mhz

Q. 4AMhz/2°=500khz

Qs AMhz/2°=250khz

Qs 4AMhz/2°=125khz

Qs AMhz/2°=62.5khz

Qs AMhz/2'=31.25khz

Q; AMhz/2°=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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o

Program the PLD with the modified circuit created in step 1. Now, power down
the PLD before going to the next step.
Build the DACCO0808 circuitry as shown in

. Fi gure 3.9. Program the DC voltage of =12 VV and 5V in the power supply and

disable the outputs until needed. Have your instructor sign off on the built
circuit. Ascanbeseenin

Fi gur e 3.9, the output of the DACO0808 is the current 10. Since the output of
the DACO0808 isacurrent it can easily be converted into a voltage by using the
741 amplifier circuit as shown. The amplifier circuit isatypical inverting
amplifier configuration. Therefore, the output voltage can be amplified by
controlling theresistor R;.  The output voltage is computed by:

Vo=-10" R,

where the current lo is calculated by:

ek ArAL AL AN ALK A
4 8 16 32 64 128 256

and whereK is

Vref
K @_

ef

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 istied to the ground signal of the DACO808 circuit.

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

Repeat steps 2, 3, 5, and 6 for the following clock frequencies: 125KHz and
4AMHz.
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Note: Can use any PLD.

PLD Pin 25 AlteraEMP7128SLC PLD
PLD Pin 24
PLD Pin 22
PLD Pin 21
_ EMP7128SLC PLD:
PLD Pin 20 8 bit counter outputs 4Mhz Clock input
90,91, 92, g3, g4, g5,
PLD Pin 18 g6 q7 o .
PLD Pin 83
PLD Pin 17
PLD Pin 16
Counter
outputs
q0| g1 92| g3 a4 a3 9 a7
+5V
Vref=5V
113
DAC0808 1 Re=4.7kW
15 R=4.7k\\
2
Al 5 —
A2 6 i
A3 7 4 lo
A4 8
A5 9
A6 10
A7 11 16
A8 12
3 ——C=0.InF =
-12V

Figure 3.9. Circuitry for DACO0808 chip.
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Vo(t)

T/ / t

v

Figure 3.10. Expected output voltage waveform, Vo, for DACO0808 circuit shown in
Figure 3.9.
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3.3.2. VHDL codefor the 8 bit counter (count256.vhd)

The 2° provides the test data for the DAC0808. It counts from 0 to 255. The VHDL
code for the 28 counter is listed as follows:

[ibrary ieee;
use ieee.std logic _1164. all

entity count256 is
port (

clk : in std_|ogic;

clr: in std_| ogic;

g: out integer range 0 to 255);
end count 256;

architecture a of count256 is

begi n
process (clk)
variable cnt: integer range 0 to 255;
begi n
if (clr="0")then
cnt : =0;
el se
if(clk'event and clk="1")then
cnt: =cnt +1;
end if;
end if;
g<=cnt;
end process;
end a;
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3.4. Testing the ADC0804 and DACO0808 together usinga PLD and a Parallel
to Parallel Interface

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 asinusoidal signal in the range required by the ADC0804. This
signal must be between 0-5 volts. Thisis half the full scale range of the ADCO0804.
Since asinusoidal has both positive and negative values and the ADC0804 has afull
scale range of 0-5V the sinusoidal should be offset by a DC voltage of 2.5V. Thisallows
the sinsusoidal to be converted without distortion or without losing the negative cyclein
the A/D process. That is, the negative amplitudes will be converted to digital O if the DC
offset is not applied. The procedure for performing this setup is given next.

Function
generator

v

DC offset

lVin
PLD

ADCO0804 latform DAC0808
and circuitry ——» P > and circuitry

[ve

Oscilloscope

Figure 3.11. A complete A/D and D/A system using the ADC0804 and DA C0808.
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34.1. Procedurefor building and testing the ADC0804 and
DACO0808 system

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

1.

Assuming that the ADC0804 and DACO0808 circuits are tested and working
complete the digital circuit shown Figure 3.12 in the graphic editor. Compile and
save the circuit.

Power down the ADC0804 and DACO0808 circuits. Program the PLD with the
circuit in Figure 3.12.

Build the circuitsin Figure 3.13 and Figure 3.14. Use a potentiometer to test the
ADC0804 and DAC0808 together. Y ou should see OV or 5V onthe DAC's
output when the pot isturn to its extremes.

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.

Have the instructor sign your work when done.

53

e drealiie
o QUTRIT ", write_LED

| AEDOEB4_CTL : Lo |
oL TeTARTAD : 2 £
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o1 WA — RT2
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Figure 3.12. Digital circuit for the ADC0804 and DA C0808 system.
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Figure 3.13. Analog transmit circuitry.

T
|

Function Generator R5=10K. _ || C1=150pF
6 19 4 =
11 PLD pin50 - D7
@ +Vin
12 PLD pin51—D6
! -Vin PLD pin 52 —-D5
Sinewave + 2.5V DC offset 20 13 i
IC2 14 PLD pin 54— D4
ADC0804 15 PLD pin 55— D3
[ [
INTR 16 PLD pin 56 — D2
- 17 PLD pin57 —D1
) — - 18 PLD pin 58 — DO
Notes: 10 WR CS RD
PLD = Programmable Logic Device
3 1 2
ToPLD pin2
From PLD pin 4 -
FromPLD pin5
From PLD pin 8
8/
/
PLD platform
PLD —
—®  ToLed 0and DAC0808: PLD pin 25-Y0
EMP7128SL C84 —  TolLed1and DAC0808: PLD pin 24—Y1
> ToLed 2 and DACO0808: PLD pin 22-Y2
< To Led 3 and DACO0808: PLD pin 21-Y3
< To Led 4 and DACO0808: PLD pin 20—-Y4
9 Inouts —»  Toled5and DAC0808: PLD pin 18—-Y5
P P  Toled6and DAC0808: PLD pin 17—Y6
+——F Toled7and DAC0808: PLD pin 16-Y7
3 Outputs
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Note: Can use any PLD.

PLD Pin 25 AlteraEMP7128SLC PLD
PLD Pin 24
PLD Pin 22
PLD Pin 21
) Digital Design
PLD Pin 20 See Figure 3.13. 4Mhz Clock input
PLD Pin 18 < _
PLD Pin 83
PLD Pin 17
PLD Pin 16
Counter
outputs
yO| vyl y2| y3 y4 y3 y§ y7]
+5V
Vref=5Vv
[13
DACO0808

15 R=4.7k\W\

2
Al 5 1
A2 6 i
A3 7 4 lo
A4 8
A5 9
A6 10
A7 11 16
A8 12

3 ——C=0AnF ~
-12V

Figure 3.14. Analog receive circuitry for DACO0808 chip.
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34.2. VHDL codefor the d2a0808 ctl.vhd
The VHDL code for interfacing to the DAC0808 is listed below:

library ieee;
useieee.std logic_1164.al;

entity d2a0808 ctl2is
port(en:in std_logic;
d: in std_logic_vector(7 downto 0);
g: out std_logic_vector( 7 downto 0));
end d2a0808_ctl2;

architecture a of d2a0808 ctl2is
begin

process (en,d)

begin

if (en=©Gthen

q<=d;

end if;

end process;
end g
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3.5. Testing the ADC0804 and DACO0808 together usinga PLD and using a
Parallel to Serial Converter and Serial to Parallel Converter

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 adigital to analog converter parallel inputs
(DACO0808). In this section the parallel output data of the ADC0804 is converted to
serial datausing aparallel to seria converter. This serial dataisthen converted back to
parallel datafor the DACO0808 parallel inputs. Thisis pretest for a wireless voice data
system that requires a serial bit stream for the transmitter’sinput data. This seria datais
then used to modul ate the transmitter’ s carrier frequency using one of several modulation
methods: ASK, FSK, PSK, QAM, etc. Thismodulated carrier is then through an antenna
and through a wireless transmission channel to areceiver. The receiver demodul ates
received signal to recover the serial data. Thisseria dataisthen fed to a serial to parallel
converter that converts the serial data back to parallel for the DACO0808’ s parallel input.
The procedure for performing this experiment is given in the next section.

35.1L Procedurefor Testingthe ADC0804 and DACO0808 together
using a PLD and using a Parallel to Serial Converter and Parallel to
Serial Converter

The procedure is given as follows:

1. Addtothedigital 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 moduleis explained in Section 3.6, Introduction -
VHDL code for the TX UART, on page 32. The txuart.gdf module converts
parallel datato serial data using a 16 to 1 multiplexer. It consists of several VHDL
fileswhich 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 2*° counter
(counter65536.vhd) on page 39. Finally, the rxuart.gdf module converts parallel
datato serial data. It isexplainedin Section 3.7, Introduction - VHDL code for
the RX UART, on page 42,

2. Oncethecircuit is complete assign the correct PLD device and compileit. 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 circuitsin Figure 3.13 and Figure 3.14. Usea
potentiometer to test the ADC0804 and DA C0808 together. Y ou should see OV
or 5V on the DAC’ s output when the pot isturn 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. Havetheinstructor sign your work when done.
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Function
Generator

[

ADCO0804

PLD
To Led 0 and DACO0808: PLD pin 25—-Y0
ToLed 1 and DACO0808: PLD pin 24-Y1
To Led 2 and DACO0808: PLD pin 22-Y2
: To Led 3 and DACO0808: PLD pin 21-Y3
&B 22 gg: 8(1) ToLed 4 and DAC0808: PLD pin 20— Y4
PLD Pin 56 - D2 To Led 5 and DAC0808: PLD pin 18-Y5
PLD Pin 55 - D3 To Led 6 and DACO0808: PLD p!n 17-Y6
PLD Pin 54 - D4 ToLed 7 and DACO0808: PLD pin 16-Y7
PLD Pin 52 - D5
PLD Pin51 - D6
PLD Pin50- D7
PLD Pin8—-RD
PLD Pin5-CS
PLD Pin4-WR
PLD Pin2-INT

PLD Pin 15 - write LED
PLD Pin 83 - clk
PLD Pin 70 - startad

3/13/2006

DACO0808

Vo

Oscilloscope

O

Figure 3.16. Pin assignments for the digital circuit in Figure 3.16. The PLDs meeting

these pin assignments are: Altera EMP7128SL.C84 or EMP7160SL C84.
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3.6. Introduction - VHDL code for the TX UART
The low level description of the TX UART moduleis shown in Figure 3.17. The
corresponding Max Plus |1 version of Figure 3.17 isshown in Figure 3.18. In Figure
3.17, fb isthe bit rate of the TX UART serid data. fclk isthe 4MHz clock which isthe
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 4AMHz/2%=976.56 Hz. Thisis taken from Qy; of the
divide by 2° counter output (Qis, Qus, Q13, Quo, ..., Qr, Qo). 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 isa
16 to 1 multiplexer. It isused to convert the incoming 8 bit parallel datainto serial data.
Figure 3.17 yields serial data that follows the standard UART format. The details of the
UART TX serial dataformat 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 al 11 bits. The VHDL code for the divide by 2716 counter is shown in the next
section. Itisalso caled amod 65536 counter because it has 65,536 possible output
states. It counts from O to 65,535. The mod 11 counter has only 11 possible output
states. It countsfrom O to 10.
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fclk=4MHz

Qu, fbEfclk/2'

>

Mod 11 counter: VHDL

Div by 2'°
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VHDL
Start bit

_ DO
Datahbit O

_ D1
Databit 1

_ D2
Databit 2

D3

Databit 3
Databit 4 D4
Databit5 2>
Databite 22
Databit7 27
Stop bit 0
Stop bit 1

Q3 Q1
Q2 Qo0
S3
P 0 =
st \{
» 1
0
» 2
» 3
y 4 Symbol
in Max
5 Plusll:
| 4
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> 7
» 8
» 9
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Enable

UART TX Seria output

>

Figure 3.17. Universal serial asynchronous serial transmitter (UART) TX module low level representation.
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Figure3.18. Max Plusll version of TX UART shown in Figure 3.17.
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¢ 117 tb >
% 7
Start datat Data Data Data Data Data Data Data Stop Stop
/ bit bit 0 bit 1 bit 2 bit 3 bit 4 bit 5 bit 6 bit 7 bit 0 bit 1 /
7 i’
<+“—>
- th=1/fb
Increasing t |
Notes:

Start bit = logic 0
Databit 0-7 =logicOor 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 Frequency of divided clock, 4x10%2", n=1,2,3,...16
output

Qo 4Mhz/2*=2Mhz

Q1 4Mhz/2°=1Mhz

Q2 4Mhz/2°=500khz

Qs 4Mhz/2*=250khz

Qa4 4Mhz/2°=125khz

Qs 4Mhz/2°=62.5khz

Qs 4Mhz/2"=31.25khz

Qr 4Mhz/2°=15.625khz

Qs 4Mhz/2°=7.8125khz

Qo 4Mhz/2*°=3.90625khz
Qo 4Mhz/2=1.953125khz
Qu 4Mhz/2%%=976.5625hz
Qw2 4Mhz/2%=488.28125hz
Qi3 4Mhz/2¥=244.140625hz
Qu 4Mhz/2%=122.0703125hz
Qs 4Mhz/2%°=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 | Frequency of divided clock, 61.03515625/2", n=1,2,3,...8
(equivalent output dueto

cascading the 65536

with the mod 256

counter)

Qo (Que) 4Mhz/2''=30.517578125hz
Q1(Q) 4Mhz/2'8=15.2587890625hz
Q2 (Qus) 4Mhz/2=7.62939453125hz
Q3(Qi9) 4Mhz/2?°=3.81469726563hz
Q4(Qq) AMhz/2°"=1.90734863281hz
Qs(Q2) 4Mhz/2%%=0.953674316406hz
Qs (Q2) 4Mhz/2%°=0.476837158203hz
Q7(Q2) 4Mhz/2°%=0.238418579102hz

Table 3.5. Further division of 4Mhz clock by cascading the mod 65536 counter with amod 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. Procedurefor the TX UART
The procedure for constructing the TX UART islisted as follows:

1. Open up the graphic editor and construct the circuit in Figure 3.18. Y ou must
first copy and compile the VHDL code for the following modules:
count65536.vhd, mux16tol.vhd, and count10.vhd. See Table 3.6 below. Once
the circuit is complete compileit. 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 0to 9. The integer range
should now go from 0 to 15 instead from 0 to 65535. Theif statement should be
changed from if (clr="0")then toif (clr="0" or cnt=10)then.

VHDL File Name Description

count65536.vhd Counter that counts from 0 to 65535
mux16tol.vhd 16 to 1 multiplexer

count10.vhd Counter that counts from 0to 9

Table3.6. List of VHDL files needed for this procedure.

2. Now assign the correct device and corresponding pin assignments. If using the
Altera EMP7128SL. C84 or EMP7160SL C84 use the assign pins given in Figure
3.20 to interface the completed digital circuit to the outside world.

3. Compilethecircuit. Now program the circuit into the PLD. Set the switchesto
the following: DgD7DgDsD4D3D»D;=10101011. Use an oscilloscope to verify
that this datais being transmitted. The data transmitted follows the standard
UART format shown in Figure 3.19. Also try code other values for
DgD7DsDsD4D3D2D1.

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

Intructor sign off Date
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8 Switches

PLD Chip

PLD Pin58-D1
PLD Pin57-D2
PLD Pin56-D3
PLD Pin55-D4
PLD Pin 54 —-D5
PLD Pin 52 -D6
PLD Pin51-D7
PLD Pin 50 - D8

ToLedO: PLD pin 25— serialdata

PLD Pin 83 —clk_4mhz

seriddata
—>

Figure 3.20. Pin assignments for the digital circuit Figure 3.18. The PLDs meeting these

pin assignments are: Altera EMP7128SL.C84 or EMP7160SL C84.
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3.6.2. VHDL code for the 2'° counter (counter 65536.vhd)
The 2*° provides the timing for all the VHDL modules. It counts from O to 65535. The
VHDL code for the 2'° counter is listed as follows:

[ibrary ieee;
use ieee.std logic 1164. all

entity count 65536 is
port (

clk : in std_|ogic;

clr: in std_|ogic;

cntout: out integer range 0 to 65535);
end count 65536;

architecture a of count65536 is

begi n
process (clk)
variable cnt: integer range 0 to 65535;
begi n
if (clr="0")then
cnt : =0;
el se
if(clk'event and cl k="1")then
cnt: =cnt +1;
end if;
end if;
cnt out <=cnt;
end process;
end a;
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3.6.3. VHDL codefor the 16 to 1 multiplexor (mux16tol.vhd)
The VHDL code for the 16 to 1 multiplexer is given below:

[ibrary ieee;
use ieee.std logic 1164. all

entity nuxl1l6tol is

port (

s: in integer range 0 to 15;

d: in std |ogic vector (15 downto 0);
y: out std logic );

end nux16tol;

architecture a of nmux16tol is
begi n

process (s)
begi n

case s is
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 process;
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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 moduleis shown in Figure 3.21 below. The
corresponding Max Plus |1 representation is shown in Figure 3.22. The RX UART
consist of five main components:
JK flip flop
clock generator
serial in paralel out (SIPO) register
parallel in paralel out (PIPO) register
one shot

agrwbdE

The VHDL code for most of these componentsis 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 datais 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 XK flip flopisin the set mode. When a high to low
transition in the serial data occurs, which isthe start bit equal to logic O, the JK flip flop
sends a set to the clk generator. This causes the clk generator to be enable. It then counts
from 0to 15. Aslong asthe enableis high the clock generator counts O to 15
continuously. The SIPO register, ser2parsrg8_3.vhd, is used to convert the seria 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 isthetrigger signal, is sent to the oneshot, oneshot_2.vhd and the PIPO register.
The PIPO register |oads the data from the SIPO register when the trigger becomes active
low. When the oneshot receives the active low trigger from the SIPO register, alogicOis
sent to the XK flip flop’ s asynchronous reset input causing it to reset to alogic 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. Thefollowing
test data bit groups are shifted in serially as shown in the table:

Data bit group datai n=0D1D,D3D4,DsDgD-11
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=DO0, then D1,
D2,D3, .....,tothe MSB=D7. Lastly, the two stop bits (logic 1) are shifted in.

Figure 3.23 shows that the data bit groups are shifted in serialy asindicated in Table 3.7
and shifted out in parallel as can be seen by the output of the eight bit parallel into
parallel out (PIPO) register (par2parsrg8.vhd) for bits d0,d2,d3,d4,d5,d6,d7.
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Vce ok ser2parsra8 4.vhd
-1 Clk= Serial to parallel
1=Set=Clk Clock 0-15 convertor (SIPO
J 0 generator enable ggnerator, counter /?1 reg|ster)
binary counter
Serial datainput
P! > CLK Oto 15
| K 6 O— clkgen.vhd Serial datainput trigger
clk
- reset Lg Padle dataout
Parallel in parallel
. lel | .
triaer One shot, active et out (PIPO register)
low output dk
oneshot_2.vhd
par2parsrg8.vhd
clk
P
©

v 8 hit parallel data
out

Figure 3.21. Receive UART architecture. See corresponding Max Plus Il representation in Figure 3.22.
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Maotes: The clock frequency of clk must be the same a= the bit rate, e.g.,
if the bit rate is 4000bps then the clock frequency of clk must be
4000Hz. The serisl data (datain) consist of one start bit (ogic 0), 8 dats
bits, and at least 2 stop bits(each being logic 1). The stop bit is sent first
fallowredd by the remaining bits inthe order mertionsd above

Figure 3.22. Receive UART architecturein Max Plus|l. The name given to thisfileis ser2par_2v2.gdf.
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Figure 3.23. Simulation of Receive UART in Figure 3.22 using Max Plus|I.
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3.7.1. Procedurefor RXUART

The procedure for the RXUART is as follows:
1. Copy therequired filesfor building the RXUART digital circuit. Thesefilesare
listed in Table 3.8 and are given in the following sections.

VHDL File Name Description

clkgen.vhd Generates clock for seria 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 filesto aVHDL text editor. Save each file using the given names.
Compile each file. Open a graphic editor in your software (e.g., Quartus I1) 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 codefor 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
isshown in Figure 3.25.

[ibrary ieee;
use ieee.std logic _1164. all

entity clkgen is

port (

clkin: in std_ | ogic;

en: in std_|ogic;

cl kcount: out integer range 0 to 15);
end cl kgen;

architecture a of clkgen is
signal countl16: integer range 0 to 15;
begi n

process(en, cl ki n)
begi n
if (en='"0")then
count 16<=0;
el sif(clkin event and clkin="1")then
count 16<=count 16+1
end if;
cl kcount <=count 16;
end process;
end a;
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Figure 3.24. Graphic design file for clock generator VHDL code.

ZD.IDnS

4D.|Dns BD.IDHS BD.IDHS 1DD.IDI"IS

14D.|Dns 1ED.IDnS 1BD.IDns

= gh 0

= clkin 1]

S clou3.0] | DO LI 60 €3 €D €3 € G €3 CH.C (/00 (B3 (B} ) (EX.CD 6B €D €3 £ o

Figure 3.25. Waveform simulation of clock generator VHDL code.
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3.7.3. VHDL codefor the SIPO register (ser2parsrg8 3v2.vhd)
The VHDL code for the 8 bit SIPO register is shown below:

[ibrary ieee;
use ieee.std logic 1164. all

entity ser2parsrg8 3v2 is
port (

datain: in std_|ogic;

clk: in std_|ogic;

cl kcount: in integer range 0 to 15;

dat aout: buffer std_|ogic_vector(7 downto 0);
dat adone: out std | ogic);

end ser2parsrg8 3v2;

architecture shift _left of ser2parsrg8 3v2 is
begi n

process(cl kcount, cl k)

begi n

if (clk'event and clk="1")then
--shift the data |eft
case cl kcount is
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) ;



Wireless Projects, Version 7.5.3- DEVRY  Page 50 3/13/2006

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) ;

-- finish reading 8 bits of data
dat adone<='0";

when ot hers =>
- - dat aout <="00000000";
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dat aout <=dat aout ;

end case;
end if;

end process;

end shift left;

3.74. VHDL codefor the PISO register (par 2par srg8.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.

[ibrary ieee;
use ieee.std logic _1164. all

entity par2parsrg8 is

port( datain: in std_|logic_vector(7 downto 0);
dat aout: buffer std_|ogic_vector(7 downto 0);
load: in std_|ogic;

clkin: in std |ogic);

end par 2par srg8;

architecture a of par2parsrg8 is

begi n

process(cl ki n, | oad)

--data

begi n

if (load="1") then
dat aout <=dat aout ;

el sif (clkin event and clkin="0")then
dat aout <=dat ai n;

end if;

end process;

end a;
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PAREZPARSRGCE

[DATAINLY. . 9]

LOAD DATAOUTL7. . ©11 SUTRUT dataou[7..0]

CLKIM :

Figure 3.26. Graphic design editor of parallel to parallel register (para2parsrg8.vhd).

1DD.IDns EDD.IDns SDD.IDns 4DD.IDHS

= load ] u |_|
= clk 0

65* datain[7.0] | D21 0 i 10 o 3 21 i 0
S5 dataouf7.0] | D10 0 4 10 X 21

Figure 3.27. Simulation of parallel to parallel register (para2parsrg8.vhd).
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3.75. VHDL codefor the oneshot (oneshot_2.vhd)
The VHDL code for the active low trigger oneshot is shown below:

library ieee;
use ieee.std_logic_1164. all

entity oneshot 2 is
port (
cl kcount: in integer range O to 15;
clk:in std_l ogic;
trigger: in std_logic;
oneshot: out std | ogic);
end oneshot _2;

architecture a of oneshot 2 is

begi n
process(cl k)
begi n
if (clk'event and clk="0")then
if(trigger="0" and cl kcount > 8)then
oneshot<="'0";
el se
oneshot<='1";
end if;
end if;
end process;
end a;
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3.8. VHDL code for a morerobust RXUART to reduce bit slippage
The VHDL for amore robust RXUART isgivenin thissection. Thereceive bit rateis
selected to be twice as fast as the transmit bit rate. This allows the bitsto 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.

ol bivefe | TS

ST trigger
Y e e

CLKGENZ 3

SERZPARSRGE_4

— DATAIN DATAGUTL?. . 81

— ek  DATADOME
: ONESHOT_4 : reset bt CLKCOUNT ca..e1
cccccccc 4. . o] : E

— ek OMESHOT| — trigger

| riceer ;
s[7.0]
| R Ca
DATAINL7. . @1

LoAD  DATAOUT £7. .o1

d[7.0

cLK

CLKINLA. . ®]

S

Nates: The clock frequency of clk must be the twice as fast as the bit rate, e g,
if the bit rate is 4000bps then the clock frequency of clk must be

B000HzZ. The serial data (datain) must consist of one start bit (logic 00, 8 data
hits, and 2 stop bits(each being logic 1), The stop bit is sent first

followed by the remaining bits in the order mentioned above.

Figure 3.28. More robust RXUART using areceive clock that is twice the transmit bit rate clock. The
name given to thisfileis ser2par_3.gdf.
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3.8.1L VHDL codefor 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
isshown in Figure 3.25.

[ibrary ieee;
use ieee.std logic _1164. all

entity clkgen2 is

port (

clkin: in std_ | ogic;

clr: in std_| ogic;

cl kcount: out integer range 0 to 31);
end cl kgen2;

architecture a of clkgen2 is
signal countl16: integer range 0 to 31
begi n

process(clr, clkin)
begi n
if(clkin event and clkin="0")then
if(clr="0")then
count 16<=0;
el se
count 16<=count 16+1
end if;
end if;
cl kcount <=count 16;
end process;
end a;
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:2 .......... ckin T a1} A LS L _ eLkin cLkcounTC=. .o
—EH
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CLKGEN

3/13/2006

Figure 3.29. Graphic design file for clock generator VHDL code.

ZD.IDnS

4D.|Dns BD.IDHS BD.IDHS 1DD.IDI"IS

14D.|Dns 1ED.IDnS 1BD.IDns

= gh 0

= clkin 1]

S clou3.0] | DO LI 60 €3 €D €3 € G €3 CH.C (/00 (B3 (B} ) (EX.CD 6B €D €3 £ o

Figure 3.30. Waveform simulation of clock generator VHDL code.
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3.8.2 VHDL codefor the SIPO register (ser2parsrg8 4.vhd)
The VHDL code for the 8 bit SIPO register is shown below:

[ibrary ieee;
use ieee.std logic 1164. all

entity ser2parsrg8 4 is
port (

datain: in std_|ogic;

clk: in std_|ogic;

cl kcount: in integer range 0 to 31

dat aout: buffer std_|ogic_vector(7 downto 0);
dat adone: out std | ogic);

end ser2parsrg8_4;

architecture shift _left of ser2parsrg8 4 is
begi n

process(cl kcount, cl k)

begi n

if (clk'event and clk="0")then
--shift the data right, assune LSB in first
case cl kcount is
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) ;

-- finish reading 8 bits of data
dat adone<='0";

when ot hers =>
NULL;
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end case;
end if;

end process;

end shift left;

3.8.3. VHDL code for the PISO register (par 2parsrg8 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.

library ieee;
use ieee.std_logic_1164. all

entity par2parsrg8 3 is

port( datain: in std |ogic vector(7 downto 0);
dat aout: buffer std | ogic_vector(7 dowto 0);
load: in std_Ilogic;

clk: in std_|l ogic;

clkin: in integer range 0 to 31);

end par2parsrg8_3;

architecture a of par2parsrg8 3 is

begi n
process(| oad, cl k)
--data

begi n

if (clk'event and clk="1") then
if (load = "'0")then
dat aout <=dat ai n;
--elsif (clk'event and clk="1")then
--case clkinis
--when 16 =>
- - dat aout <=dat ai n;
--when ot hers =>
- - dat aout <=dat aout ;
--end case
end if;
end if;
end process;

end a;
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3.8.4. VHDL codefor the oneshot (oneshot_4.vhd)
The VHDL code for the active low trigger oneshot is shown below:

library ieee;
use ieee.std_logic_1164. all

entity oneshot 4 is
port (
cl kcount: in integer range 0 to 31
clk:in std_l ogic;
trigger: in std_logic;
oneshot: out std | ogic);
end oneshot 4;

architecture a of oneshot 4 is

begi n
process(cl k)
begi n
if (clk'event and clk="1")then
if(trigger="0" and cl kcount >= 16 and cl kcount <= 17)then
oneshot<="'0";
el se
oneshot<="1";
end if;
end if;
end process;
end a;
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3.8.5. VHDL codefor Servo Control Module (servo_control.vhd)
The servo motors are driven by sending selected frequencies from the divide by 2*°
counter. More information about the mod (65536=2"® ) 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 causesit 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
inreverse, or stop at agiven command. The VHDL code for the servo module is shown
below:

library ieee;
use ieee.std_logic_1164. all

entity servo_control is
port (

clk: in bit;

[forward: in bit;

[ stop: in bit;

Ireverse: in bit;

rforward: in bit;

rstop: in bit;

rreverse: bit;

[ servo_out: out bit;

rservo_out: out bit;

command_in: in bit_vector(7 downto 0));

end servo_control

architecture a of servo_control is
begi n

process(cl k)
begi n
if (clk'event and clk="0")then
case conmand_in is
--robot, stop comand
when "00000000" =>
| servo_out <= | stop;
rservo_out <= rstop;

-- robot, left turn command
when "00000001" =>

| servo_out <= lreverse;

rservo_out <= rforward;

-- robot, right turn comrand

when "00000010" =>
| servo_out <= |forward,;
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rservo_out <= rreverse,

--robot, go forward comrand
when "00000100" =>
| servo_out <= |forward;
rservo_out <= rforward,;

-- robot, go reverse

when "00001000" =>
| servo_out <= lreverse
rservo_out <= rreverse;

--robot, stop!
when ot hers =>
| servo_out <= |stop;
rservo_out <= rstop;
end case;

end if;

end process;

end a;

SERVO_CONTROL

CLH
LFORWARD
LSTOP
LREVERSE LSERVO_OUT) g

RFORWARD RSERUD_DUTﬁ—” QUTRUT s r SEWD ..............

RSTOF
RREVERSE

FCOMMAND _INLT. . @]

Figure 3.31. Graphic design file for servo control module (servo_control.vhd).
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100.0ns 200.0ns 300.0ns 400.0ns 500.0ns B00.0ns 700.0ns 800.0ns 900.0ns

EE=rstop

= [reverse

= rforward

= |stop

EB= |reverse

= [forward

= clk

=g rEeno

=g |semvo

= ommand[7..0]
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o 29 o o o o o o o o

01 i 02 i 04 i 08

Figure 3.32. Simulation of servo control module (servo_control.vhd).
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3.9. VHDL code and flowchart 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
moduleis given followed by the flow chart.

3.9.1. VHDL codefor the compass control module
(compass_control2.vhd)
The VHDL code for the compass control module is shown below:

library ieee;
useieeestd logic_1164.dl;

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 enis1
if(en=O@then
command<=c;
else
command<="7Z727772777";
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@vent and clk=@Gthen
casedirectionis
when "0001" =>
-- going north
case curdir is
when "0111" =>
¢ <="00000100"; --go forward
when others =>
¢ <="00000010"; --turn right
end case;
when "0010" =>
--going east
case curdir is
when "1101" =>
¢ <="00000100"; --go forward
when others =>
¢ <="00000010"; --turn right
end case;
when "0100" =>
-- going west
case curdir is
when "1110" =>
¢ <="00000100"; --go forward
when others =>
€ <="00000010"; --turn right
end caseg;
when "1000" =>
-- going south
case curdir is
when "1011" =>
¢ <="00000100"; --go forward
when others =>
€ <="00000010"; --turn right
end caseg;
when others =>
¢ <="00000000"; --stop
end case;
end if;
end process,
end &
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3.9.2. Magnetic Compass VHDL flowchart
A simple flowchart for the magnetic compass module is shown below.

Enable compass

modiile
Set direction: north Set direction: south Set direction: east Set direction: west
Turnright Turnright Turnright Turnright
g €— g g < g —

Is south
sensor active

Is north
sensor active

Go Go
forward forward

Go
forward

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

3.10.1. VHDL codefor theinfrared module (irmodule2.vhd)
The code for the infrared nodul e i s shown bel ow

library ieee;
use ieee.std_|logic_1164. all

entity irnodule is
port (en: in std_logic;
irdet: in std_logic;
clk: in std_|l ogic;
cl k40khz:in std_| ogic;
enleftir: buffer std_|ogic;
enrightir: buffer std_| ogic;
leftirclk:out std_| ogic;
rightirclk: out std_ | ogic;
conmand: out std | ogic_vector(7 downto 0);
cnt:buffer integer range 0 to 63);
end i rnodul e;

architecture a of irnodule is
signal d: std_|ogic_vector(2 downto 0);
signal x: std _logic_vector(l dowmto 0);

begi n

d <= irdet & enleftir & enrightir
X <= enleftir & enrightir;

process(en, cl k40khz, d)

begi n
if(en="1")then
--command <= "ZZ7777777";
el se

i f(cl k40khz' event and cl k40khz="1")t hen
case d is

when "001" =>

-- object is on left

-- nove right

conmand <= "00000010"; ~--turn right

when "010" =>

-- object is on right

-- nove |eft

command <= "00000001"; --turn left

when "000" =>

-- object is in front

-- turn around

conmand <= "00000000"; ~--turn right

when ot hers =>
conmand <= "00000100"; ~--go forward
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end case;
end if;
end if;
end process;
process(en, Xx)
begi n
if(en="0")then
case X is
when "00" =>
--both ir leds are enabl ed
ri ghtircl k<= cl k40khz;
| eftircl k<= cl k40khz;
when "10" =>
--right ir led is enabled
ri ghtircl k<= cl k40khz;
leftirclk<="0";
when "01" =>
--left ir led is enabled
rightirclk<="'0";
| eftircl k<= cl k40khz;
when ot hers =>
--neither left nor right ir led is
enabl ed
rightirclk<="'0";
leftirclk<="0";
end case;
el se

leftircl k<="0";
rightircl k<="0";

end if;

end process;

process(en, cl k40khz, cl k) is

--variable cnt: integer range 0 to 63;

begi n
i f (cl k40khz' event and cl k40khz="1")then
cnt <= cnt +1;
end if;

if (en='"0")then

if(cnt >= 0 and cnt <= 21)then
-- enable left ir led
enleftir <='0";
enrightir <="1";
elsif (cnt>= 22 and cnt <= 42)then
-- enable right ir led
enleftir <="'1";
enrightir <="'0";
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el se
-- enable both ir |eds
enleftir <= '0";
enrightir <="'0";
end if;
el se
-- disable both ir | eds
enleftir <= "1";
enrightir <="1";
end if;

end process;

end a;

IRMODULE B
ENLEFTIR—EUTL:} enleftir
EM ENRIGHTIR% enrightir
IRDET LEFTIRGLK—gm:} leftirclk
CLK RIGHTIRGLK—-?WL: rightirzlk :
1 Bureur S
CLKADKHEZ COMMANDLT..ojm=————1{ % command[7.0]
CHTLS. . o =BT ik bz diva[5.0]

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

2D.|Dus 4D.|Dus ED.IDUS BD.IDUS 1DD.IDUS
5 irdet 0 |
= e 0 —|
— .
[ 1 oul:ll 0 —|
9 et o [ IUUUUUDUUDI UTTUUUUUOUTY
=z enrightir o] |
=i enleflir o [ ] | [ ]
S command[7..0] | HO2 o} 02 i o1 H 02

Figure 3.35. Simulation for infrared module (irmodule.vhd).
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3.10.2. Infrared Sensor module flowchart
An example of the flowchart for the infrared sensor module and two infrared LEDs is
shown in the Figure below.

Enable IR

modiile

v
Turn IFLED2 on

> Turn IFLED1 on

l l

Isir detector
output active

Isir detector
output active

Yes
-«

Object on
left, turn

Object on
right, turn

robot No robot
Keep ngp
going going
forward forward

Turn both IFLED1 and
IFLED2 on

No

Isir detector

output active

Go forward

Yes Object in front,

Figure 3.36. Flowchart of VHDL code for infrared sensor and IRLED circu turn robot
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3.11.VHDL code for thetracktape control module (tracktape.vhd)
The VHDL code for the track tape module is given below. The design file for the tracking tape moduleis

shown in Figure 3.37. Itssimulation is given in Figure 3.38.

library ieee;
useieeestd logic_1164.adl;

entity tracktapeis

port(

leftsen: in std_logic;

rightsen: in std_logic;

en: instd_logic;

command: out std_logic_vector(7 downto 0));
end tracktape;

architecture a of tracktapeis
signal d:std logic_vector(1 downto 0);

begin
--leftsen =>logic O: senses darkness logic 1 :senseslight
--rightsen => logic 0: senses darkness logic 1 :senseslight

d<=leftsen & rightsen;
process (en,d) is

begin
if(en = @Gthen
command<="7Z7Z727777",
else
casedis
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 g
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: TRACKTAPE

= LEFTSEHN

i RIGHTSEM COMMANDL 7. _ 0]'_;—|l0mpm .......... :> .... command[?ﬂ]
il S
a

Figure 3.37. Graphic design filefor tracking tape module (tracktape.vhd).

4D.pns BD.PHS 1ED]Dns 1ED]Dns
E@= rightsen 1 —I—I
= leftzen 1
EE== Eh 0
S command[7..0] D4 4 3 1 ¥ 4 4 2 X 4

Figure 3.38. Simulation of tracking tape module (tracktape.vhd).

-------------------------------72
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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 fileis shown in Figure 3.40. The VHDL for the speaker id (speakerid_ctl.vhd)
control module islisted below:

e
g
E F I s A
i

SPEAKERID_CTL

; S0 ursuy
s ) — o7
iddatal15.0] e G 0
ledt
-4 s R e : LEDD
3 . IHPUT led3
B 2 = ckhz [
F s D ¢ T o e : LeD
5
o= e o o) : Lep2
SEAETE B s LED3
GUIET 5 ledd : LED4
I Ses LEDS
s A - : LEDS
R ey LED?
LT s e

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

QDD.IDnS 4DD.IDnS BDD.IDnS BDD.IDnS 1.D|us 1.2|us 1.filus 1.B|us 1.8lus

= clk_thz

o= clk_4mhz
=g eakerreadyled
= led?

=% leds

=% |ed5

= ledd

= led3

= |ed2

=% |ed1

=@ ledd

= cf7..0] H 04 04 X 02
= iddata[15..0] | D138
B sell2.0] HO
= erid_ctl:40]id0 | H 0054
= 40|speakerse|l HO

- [‘

S OLES D T D ER EE E T OEE iR

[}

|

Figure 3.40. Simulation file for speakerid_ctlgdf.gdf module.
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library ieee;
useieeestd logic_1164.al;

entity speakerid_ctl2 is

port(idO: in integer range O 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;
speakerdetO: 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 thresholdminO: integer range O to 65535;
signal thresholdmaxO: integer range 0 to 65535;
signal thresholdminl: integer range 0 to 65535;
signal thresholdmax1.: integer range 0 to 65535;
signal thresholdmin2: integer range O 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 O to 65535;
signal thresholdmax4: integer range 0 to 65535;
signal thresholdmin5: integer range O 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 ¢: std logic_vector(7 downto 0);

signal clk:std_logic;

signal cnt:integer range 0 to 31;

signal spd:std_logic_vector(7 downto 0O);

begin

-- set speaker thresholds
thresholdminO <= 0; --speaker 0
thresholdmax0 <= 100;
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thresholdminl <=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=0Gthen
cnt<=0;
elsif(clk_1hz@vent and clk_1hz=@gthen
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<= ©©
else
speakerready<= Q@©
end if;
end process;

--This process determines the speaker
process(speakerready,reset)

begin
if (reset=©Qthen
spd<="11111111";

elsif(speakerready@vent and speakerready=@gthen
if (id0 >= thresholdminO and id0 <= thresholdmax0)then

spd<="11111110";
speakerdet<=0;

75
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elsif(id0 >= thresholdminl and idO <= thresholdmax1)then
spd<="11111101";
speakerdet<=1,;

elsif(id0 >= thresholdmin2 and idO <= thresholdmax2)then
spd<="11111011";
speakerdet<=2;

elsif(id0 >= thresholdmin3 and idO <= thresholdmax3)then
spd<="11110111";
speakerdet<=3;

elsif(id0 >= thresholdmin4 and idO <= thresholdmax4)then
spd<="11101111";
speakerdet<=4;

elsif(id0 >= thresholdmin5 and idO <= thresholdmax5)then
spd<="11011111";
speakerdet<=5;

elsif(id0 >= thresholdmin6 and idO <= thresholdmax6)then
spd<="10111111";
speakerdet<=6;

elsif(id0 >= thresholdmin7 and idO <= thresholdmax7)then
spd<="01111111";
speakerdet<=7,
else
spd<="11111111";
end if;
end if;

speakerdetO<=spd(0);
speakerdet1<=spd(1);
speakerdet2<=spd(2);
speakerdet3<=spd(3);
speakerdetd<=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@vent and clk_4mhz=@Ggthen

if (reset=0® then
¢ <="00000010"; --turn right

elsif ((speakersel = speakerdet) )then
€ <="00000100"; --go forward

else
¢ <="00000010"; --turnright
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end if;
end if;

end process,

-- send command if not disabled
process(en,clk_4mhz)

begin
if(clk_4mhz@vent and clk_4mhz=@gthen
if (en=0©Gthen
command <= ¢; --send command
else
command <="Z7777777"; --setto high Z
end if;
end if;
end process,

end g
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4. Project Descriptions
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 Scenarios
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 amobile 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 isused. 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 datais sampled and converted to digital datafor
spectral analysis. The spectral analysis may be donein real time using adigital signal
processor (DSP), programmable logic device (PLD), etc. It can aso be donein rea time
by sending data from the ESOC bot to the personal computer viathe parallel port.

The next few chapters will discuss these projectsin 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 Transmitter 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 Part Code
The part code convention for the WyJen transmitter and receiver is given next.

GAABBBC-XX-YYYZWWT-VVVU

G Genesis Engineering Design Group
AA TX standsfor Transmitter
RX stands for Receiver
TR stands for Transmitter and Receiver
BBB  3digita 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  AOQO standsfor ASK modulation
FOO stands for FSK modulation
POO stands for PSK modulation
QOO0 stands for QAM modulation
AFO stands for ASK and FSK modulation
AFP stands for ASK, FSK, and PSK modulation
AMO stands for amplitude modulation
AFM stands for ASK and FM modulation
FFM stands for FSK and FM modulation
z Sstands 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  2digit 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
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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 antennais 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 areceiver. 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 avertical antennais used the wire should have a length of about the carrier
frequency wavelength. A vertical antennais simply awirethat isvertical. The
wavelength, / ,is computed by

/ =cl f. Eq. 1

The length of the antenna, L, should be

L=(y).  Eq2

If ahorizontal antennais used the wire should have alength of about ¥z the carrier
frequency wavelength. A horizontal antennais simply awire that is horizontal. The
wavelength, / ,is computed by

/ =cl f. Eqg. 1

The length of the antenna, L, should be

L=(y).  Eq2
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7. Wyjen Transmitter and Receiver Experiments

The goal of this Chapter isto help you become more familiar with a simple wireless
communication system. First you will learn how to test awireless transmitter and
receiver module followed by severa experiments.

7.1. Testing the GTX315M-3V-A00S06A-M 27A Transmitter and GRX315M -
3V-A00S12B-M 07A Receiver or GTX433M-3V-A00SO6A-M 27A
Transmitter and GRX433M-3V-A00S12B-M07A Receiver modules
The GTX315M-3V-A00S06A-M27A isan ASK transmitter with a 315MHz carrier
frequency while the GRX315M-3V-A00S12B-M07A isan ASK receiver. Thetwo
devices can operate together to make a complete simplex wireless ASK system. The
GTX433M-3V-AO00SO6A-M27A transmitter and GRX433M-3V-A00S12B-M0O7A
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.

Procedurefor Testing the 315/433MHz Transmitter and
Receiver Pair

The procedure for testing the GTX315M-3V-A00S06A-M27A transmitter and
GRX315M-3V-A00S12B-MO7A receiver pair isthe same for testing the GTX433M-3V-
AO00SO6A-M27A transmitter and GRX433M-3V-A00S12B-MO7A receiver pair. The
procedureislisted as follows:

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

Equipment/Component Quantity Function Description

Transmitter: GTX315M- 1 TX 315MHz Transmitter, 3.3V, www.wyjen.com
3V-A00SD6A-M27A or

GTX433M-3V-A00S06A-

M27A

Receiver: GRX315M-3V- 1 RX 315MHz Receiver, 3.3V, www.wyjen.com

A00S12B-MOT7A or
GRX433M-3V-A00S12B-
MO7A

Function Generator

Signal Generation

Function generator for 3.3V sguare wave with
1.65V offset

Oscilloscope 1 Waveform Oscilloscope to measure transmitted and
measurement received data signal
Power Supply 1 3.3V Supply 3.3V source for transmitter and receiver test

circuit

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

testing.




Wireless Projects, Version 7.5.3- DEVRY  Page 83 3/13/2006

7.

Build the transmitter/receiver test circuit shown in Figure 7.1. It isrecommended
that two different circuits boards be used, one for the transmitter circuit and one
for the receiver circuit. Thiswill allow the transmitter and receiver to be
separated various distances apart if needed.

Now setup the function generator to output a test waveform which is a square
wave with 3.3V peak-to-peak and with a1.65V offset. This mimicks 3.3V digital
data (with amplitudes between 0V to 3.3V, aso called unipolar Non Zero Return
or UNRZ) which iswhat the WyJen transmitter wants to see. Set the frequency to
500 Hz. The square waveform now represents a serial bit stream with a 1000bps
datarate (f,=2f, where f,, isthe datarate and f is the frequency of the function
generator, i.e, f, =2*500=1000bps). Separate the transmitter and receiver circuits
by adistance of about 1 foot. The Wyjen transmitter module, GTX315M-3V-
AO00S06A-M27A or GTX433M-3V-A00SO6A-M27A, can transmit digital data at
rates up to 100,000 bps. The Wyjen receiver module GRX315M-3V-A00S12B-
MO7A or GRX433M-3V-A00S12B-MQ7A can receive at rates up to 10,000bps.
Thus, the bit rate of thiswireless communication system is limited by the receiver
at 10,000bps.

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 resultsto the instructor. Make sure that the
oscilloscope displays the frequency and amplitude measurements. Save and print
the waveform for your records and your report.

Now repeat steps 3 to 4 using the following bit rates: 1000bps, 2000bps, 3000bps,
7000bps, 10000bps, 12000bps, 14000bps, and 20000bps.

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.

Have your instructor sign off your work:

I nstructor Date
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Function Generator Output: 3.3V peak-to-peak sguare waveform with 1.65V offset

3/13/2006
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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 M odule Pair

The procedure for construction a simple communication system is given next.

Preparing digital data for wirelesstransmission - from txuart
to transmitter

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

7.2.1.

listedin Table 7.1.
Part Quantity Ref designator Description
Transmitter: GTX315M- 1 TX 315MHz Transmitter, 3.3V, www.wyjen.com
3V-A00S06A-M27A or
GTX433M-3V-A00S06A -
M27A
Receiver: GRX315M-3V- 1 RX 315MHz Receiver, 3.3V, www.wyjen.com
A00S12B-MO7A or
GRX433M-3V-A00S12B-
MO7A
MM74HC244 or 2 IC1 5V to 3.3V converter/buffer, www.digikey.com
SN74LVC244AN 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

Table 7.2. Equipment and Electronic part list for the WyJen transmitter and receiver

testing.
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2. Open Max Plus |l or Quartus. Open the TXUART file. Make asymbol for the
TXUART circuit. Exit the circuit and create a new project called top.gdf Thisis
the txuart portion of the complete digital circuit shownin Figure 7.2. Now, insert
the txuart symbol into this project. Verify that the device assigned to the design is
the EMP7128SL C or an equivalent pin compatible PLD device Assign pinsto the
TXUART main inputs and outputs. Assign switchesto the TXUART D inputs.
These switches will be used to set the bitsin the serial data. Also, assign apin to
the serial data output and the main clock input. The other inputs and outputs
are not important at thistime and do not require a pin assignment. Now compile
the program.

B
S T M
[ e L KR
e KR
S T e A
T e
SERIALDATAR %68 T e A

nnnnnnnnn

-]
12870
[

nnnnnnnnnnnnnnnnn

nnnnnnn

Junooony

L[7..0] "”bc LED[7..0]

=

L oM SERIALDATAOUT

Figure 7.2. txuart and rxuart completed digital circuit.
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3.

7.

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.

Now use an oscill oscope to measure the seria data output. Set the serial datato
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 start 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, DO,
Stopl, Stopl, etc. Do thisfor one period of the data on the print out.

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(DO).

Open Max Plus |l or Quartus. Open the RXUART file. Make asymbol for the
RXUART circuit. Now, insert the rxuart symbol into top.gdf. Assign pinsto the
RXUART’ s main inputs and outputs. Assign the bit rate clock used for the
TXUART to the RXUART s bit rateinput. Assign the 8 data outputs of the
RXUART to 8 LEDson 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.
Thedigital circuit should now be complete and is shown in Figure 7.2.

Have your instructor sign this part off:

I nstructor Date
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Table 7.3. Bit patternsto send over wirelesslink.

1.2.2.

output.

Sending data from the txuart to a transmitter and over a
wirelesslink to areceiver and therxuart

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 a5V chip drivesor sink a3.3
chip atrandator chip is commonly used to match the voltage and current levels
between the two different circuits. Inthiscase, a5V to 3.3V buffer translator
chip. SN74LVC244AN or MM74HC244 is required between the transmitter
serial datainput and the PLD and between the PLD and thereceiver serial data

9. Usethe switchesto 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 awireless 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 isto

thefar left

Observed LED pattern, put MSB
to far left

61.035bps

10101010

488.28kbps

11001100

976.56kbps

00110011

7.8125kbps

10010010

15.625kbps

00010000

mimoO|w| >

15.625kbps

11111111

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

61.035bps

488.28kbps

976.56kbps

7.8125kbps

15.625kbps

mmio|j0|m@|>

15.625kbps

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

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

I nstructor

Date




Wireless Projects, Version 7.5.3- DEVRY  Page 89 3/13/2006

A. MM74HC244 or SN74LV C244AN pin configuration. The pin configuration of the
MM74HC244 is compatible to that of the SN74LV C244AN. Shown below isthe PDIP
package, or N package, for the SN74LV C244A. The complete part number is

SN74LV C244AN.
10 C—hH'! ° 20 T/ Ve
Lpozeoe [
n 2 —L 19 — 1 20E
13
2V 4 |:‘| 3 | 18 1 1vy1
1
1A2 —74 ) 17 — 2A4
PPN — —|_$_,_:|
—|5 1 16 2
1A3 ° 15 2A3
T 1L
P X% S — Yy S—
\_Lj 1v3
—] 1 —
1A4 8 . .
7> B — i _'*L./ —
—I 9 12 1Y 4
GND  [—— 4 n T L.
B. SN74LVC244A truthtable.
| nputs Output
OE A Y
L H H
L L L
H X Z

Figure7.3. A.) Pinconfiguration and B.) truth table, for the SN74LV C244AN or MM74HC244 DIP

package.
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Power Supply Output: 3.3V

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

Antenna

1| 2 3

At least 1ft apart

MM 74HC244/SN74LV C244AN
3.3V
2 _ Power Supply
———] :l—l
2 ] — @
— 18 @
] - o I !
| m— — -
— L I
—] = _>
| m— —
| —
10— =
T Output: serialdatato TX .
PLD Platform °
Seria data
8 LEDs
. Anty
Input: serialdata ve"
from RX
GRX315M-3V-A00S12B-MO7A or
: GRX433M-3V-A00S12B-MO7A
3.3V
1 I 2 I 3 4 5
T ® [
[ ]
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— —
2 —] —
18
| —
| —
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| — —
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| — —
@10 — =
<+ =
—
Ll

Figure7.4. WyJen 3.3V 315/433 MHz transmitter and receiver pair test circuit.



Wireless Projects, Version 7.5.3- DEVRY Page91 3/13/2006

Project

Timel



Wireless Projects, Version 7.5.3- DEVRY  Page 92 3/13/2006

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 genera you will have project deliverables and a project schedule.

8.1. Project Deliverables
The deliverables are due at the end of the term for atotal 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 aleast 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.
0. 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. Usesize 12 or 10 for al fontsincluding headings.

4. Each section of the report must have a separate heading that stands off from the
rest of the text following it.



Wireless Projects, Version 7.5.3- DEVRY  Page 93 3/13/2006

8.2. Project Schedules
Y ou will be expected meet certain major deadlines during the duration, development, and
completion of your project. When these deadlines are mapped to datesit iscalled a
project development schedule. At the end of the project you will be given atime slot to
discuss your project accomplishments.

8.2.1. Tentative Development Schedule
The tentative schedule for devel oping the ESOC —bot is shown in Table 8.1. Y ou must
try to follow it.

Week Thingsto do

Week 1,2,3 Get ideas and teams together, assignment
of aleader

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 al 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 aslisted in Table 8.2.

Time Slot Number and Time of Oral Group Number
Presentations

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 deter mination using photoelectric
and Hall effect sensors

Project 1 consists of at least two light sensorg/light emitters(LEDSs) for the robot’s vision
and a digital magnetic compass for the robot’ s orientation (see Figure 1). Thelight
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 ison 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
isreturned 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 alight source using photoresistors.

Servol
L eft
Sensorl
Magnetic A/D / LED1
Compass
Sensor ﬁ
L CPLD Center
<>
> A/D
LED1
Servo2 Task selection using .
onboard ESOC switches Sensor2 Right

Figure9.1. Project 1 of the ESOC bot. L1 islight sensor 1 (on theleft), . L3islight sensor 3
(center), . and L2 islight sensor 2 (on the right).
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The electronic part list for Project 1 is shown below.

9.11.

Project 1 Electronic PartsList

Part Quantity Ref designator Description

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, | Resistor

R9, R10

Capacitor, 470PF 2 C1,C2 Capacitor

Capacitor, 33uF 2 C3,C4 Capacitor

AlteraCPLD, 1 CPLD, IC1 Devry ESOC board, Controller

EPM7128SL C84-6

AlteraCPLD, FLEX10K20 | optional CPLD, IC1 AlteraUP1 or UPX board

or FLEX10K70

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

Dinsmore model 1490 outputs

High Tech servo motors, 2 servol, servo2 Servomotors (must be modified for continuous

HS300 (Futaba S3003, or rotation)

Tower TS53J)

Platform | 1 Platform | Platform | uses two servo motors, a caster wheel,

etc.

Table9.1. Electronic part list for Project 1.
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9.1.2. Project 1 Schematic
The schematic for Project 1 is shown below. Vees5 Volts
Vce=5volts —|_
AA// ~1=100K R5=10K C1=470pF ?
right light 6 19 4 711 LD oina
sensor 1 +Vin p.ri
R2=1K ohms ; | 2 CRLDpgo
| -Vin 13 CPLD pi&8
o 20 _ 1C2 14 CPLDpig9
Vcc=5volts = ADCO804 15 CPLD pi n>10
5 —_— )

»~ R3=100K R7 | ] INTR 16 CPLD p? n>11
left light A/ K § 17 CPLD pi n>12
sensor 2 " WR CS RD 18 CPLD pi |;15

R4=1K ohms s | v
R6=10K C2=470pF
= 6 19 4 = CPLD pig27
CF’L<D pin 24 o 5 +Vin CPLD pi 328
o -Vi i
PLD pin " ica CRLD pig 29
- RS% 20 ADC0804 CPLD pin 30
CPLD pin31
1K 5 - n}
5 INTR CPLD pi n>33
PLD pin CPLD pig 34
LED1 - 3 | 12
¥ _1R2=180 ohms CPLD fina1 I
— KRR .
PLD pin
LED?2
47\\ R3=180 ohms CPLD pin 30

Figure 9.2 Schematic page | 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 ADCO0803 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. Thisis not very convenient
when CPLD pins are scarce. However, it iseasier to implement relative to VHDL coding in the CPLD.
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Vee=svolts Vcc = 5volts
X~ R1=100K
I'd
1
2 < 16 CPLD £| n2
R2=1K ohms 3 oI 17 CPLDgIn 4
4 | DO 14 CPLD gn 8
5 5| 1C2 —
Vce =5volts 2 | 3
6 | ADCO0838
X~ R3=100K 7 18
X —
R4=1K ohms . u
L Vref
- 10
12 e ——
CPLD pin 10

Figure 9.3 Schematic page | 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 onewire. Thisis convenient when CPLD pins
are scarce.
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CPLD pin4
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CPLD pin8
CPLD pin9
CPLD pin 10
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ADC0804 CPLD pin 15
A/D
Conversion
Interface

CPLD pin 27
CPLD pin 28
CPLD pin 29
CPLD pin 30
CPLD pin 31
CPLD pin 33
CPLD pin34
CPLD pin 35

CPLD pin24

\

CPLD pin 31
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>
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N Sorth side

Dinsmore

1490 4 R9=10K, Pin 1,

East side

>

@)

b R10=10K, Pin 1,
West side

>

>

Devry ESOC board
CPLD, IC1
EPM7128SL C84-6

CPLD pin 15

CPLD pin 16
CPLD pin 17

CPLD pin 18

C3.330F 5 e 6V i C4, 33UF
L eft Right
Servo Servo
Motor 1 Motor 2

- L

left out (left servo

CPLD pin 44| motor 1)
right_out
CPLD pin 45 (servo-motor 2)
CPLD pinde _ wd_out
CPLD pin 48 rev_out
Task 1
e« Fromon/off
Task 2 switches: switches
e ontheESOC/ UPV
UPX board can be
Task 3
used to select the
tasksto be
performed: task 1,
task 2. or task 3
4{ Direction
specification:
for compass

- Figure 9.4. Schematic page 2: ESOC CPLD pin configuration and interfacing circuitry using the schematic
| (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.

Compass
Sensor

Servol

S

Servo2

IF1, proximity
Ssensor
CPLD -
1__/—\
~
Task selection using onboard
ESOC switches

IF LED1 |eft

IFLED2

<

Center

>

right

Figure9.5. Project 2 of the ESOC bot. |IF1 istheinfrared proximity sensor while LED1 and LED2 are

infrared LEDs.
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Project 2 Electronic PartsList
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Part Quantity Ref designator Description

Radio Shack or IR receiver | 1 IF1 Infrared modulated detector

module 276-640, | F module, bandpass center

Detector module, 276-137B frequency=38,000Hz;

(obsolete). Vccif=4.3 to 5.7 volts; peak
wavelength = 940nm;
Vout=0.51t0 4.2 volts

LED, 276-143C, Radio 2 IFLED1, IFLED2 Infrared light emitting diode

Shack

AlteraCPLD, 1 CPLD, IC1 Devry ESOC board,

EPM7128SL C84-6 Controller

Altera CPLD, FLEX10K20 | optional CPLD, IC1 Altera UP1 or UPX board

or FLEX10K70

Magnetic Compass, 1 IC3 Magnetic compass, 4 bit,

Dinsmore model 1490 active low digital outputs

High Tech servos- HS300 | 2 servol, servo2 servomotors

(Futaba S3003, or Tower

TS53J)

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

Resistor, 1000 ohms 1 R1 1 Waitt resistor

Resistor, 180 ohms 2 R2, R3 1 Waitt resistor

Table9.2. Electronic part list for ESOC-bot Project 2.
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9.2.2. Project 2 Schematic
The schematic for Project 2 is shown below.

5volts
5 Vals

R1=1000 ohms

1, Vout CPLD pin 12

IF1

IFLED1
CPLD pin 27 L VAN

il R;:}89 ohms
38kHz +

IFLED2
CPLD pin 28 R3=180 ohms

] CPLD pin 24
38kHz #\

CPLD pin 25

Figure 9.6 Schematic of Project 2, photo sensor input circuitry. The
A/D isoptional —may use for additional analog output sensors.
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Cﬂ_D pin 28, IF LED2
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<
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<
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Magnetic
compass,
Dinsmore
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Pin 1, North side

|\

>
Pin 1, South side

>  p
Pin 1, East side

D P
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> >

Devry ESOC board
CPLD, IC1
EPM7128SL C84-6

CPLD pin 15
CPLD pin 16
CPLD pin17

CPLD pin18
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C1, 33uF 6V 6V (? C2, 33uF
L eft Right
Servo Servo
Mator 1 Motor 2
CPLDpin44 |left_out (servo-motor 1)
CPLD pin 45 right_out
(servo-motor 2)
CPLD pin 46
» fwd out
CPLD pin 48 "
y rev_ou
Task 1, CPLD pin 58 From on/off
«— switches:
Task 2, CPLD pin 57 switcheson
< the ESOC/
Task 3, CPLD pin 56 UPL1/ UPX
-« board can be
used to
select the
tasks to be
performed:

Figure9.7. 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 el ectronics.

10.1. Project 3: Remote Control of the ESOC bot - Sending 8 bit commands
over awireless channel
This project deals with sending 8 bit commands over awireless 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 aWyJen
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. Thisiscalled
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. 1n 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 isacompass 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 awireless WyJen Technologies
(www.wyjen.com) transmitter and receiver module.
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10.1.2. Project 3 Description
This project takes an eight parallel bit command, convertsit to serial, then sendsit to a
transmitter, which sends the commands over awireless link to areceiver 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 awireless 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 atransmitter. The ESOC board interfaces to the PC as shown in
Figure 10.1. The main function of the ESOC board in the transmit unit isto convert
parallel datafrom acomputer, 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 areceiver. 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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Data input: 8 Command
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< control >
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Transmitter
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_y Antenna

Figure 10.1. Transmit ESOC.
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ompass Receiver
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Figure 10.2. Receiving ESOC bot.
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10.1.3. Tentative Development Schedule
The tentative schedule for devel oping the ESOC —bot is shown in Table 8.1. Y ou must
try to follow it.

Week Thingsto 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 dl 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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Project 3 Electronic PartsList

Part Quantity Ref designator Description

LED, 276-143C, Radio 2 IFLED1, IFLED2 Infrared light emitting diode

Shack

Altera CPLD, 2 CPLD, IC1 Devry ESOC board, Controller

EPM7128SL C84-6

AlteraCPLD, FLEX10K20 | 2 CPLD, IC1 Altera UP1 or UPX board

or FLEX10K70: optional

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

Dinsmore model 1490 outputs

Futaba servos S3003 2 servol, servo2 Servo motors, www.towerhobbies.com

(Tower TS53J), or High

Tech servos HS300

Platform | 1 Platform | Platform 1 uses two servo motors, a caster
whesdl, 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 - 1 TX ASK modulation, WyJen Technologies,

GTX433M-3V-A00S06A - WWw.wyjen.com

M30-1, etc.

Receiver Module - 1 RX ASK modulation, WyJen Technologies,

GRX433M-3V-AO00SO6A - WWW.wyjen.com

M30-1, etc.

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

Table 10.1. Electronic part list for Project 3.
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10.1.5. Project 3 Procedure
For the steps below save all Alteraand VHDL filesin 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 4AMhz on board clock. This clock frequency
must be divided down below 1000 Hz for proper operation of the servos. A divide by 2*°
counter can achieve this. The VHDL code for adivide by 2*° (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. Thisinformation 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 acheck 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. Y ou have to use your best judgement
on what is aslow, medium, or fast speed.

.................................. z COUNTESSIS 150
3 clk_4mhz - - CLK CHTOUTL1S. . O} = -

CLR

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, g11, q12, q13, g14, and g15 areindividually connected to the signal input
of the servo motor. Thisisagraphic design file from the AlteraMAX PLUS |1 software.
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L eft Servo Clock Frequency (Speed Characteristics and rotation direction

Counter Frequency | Slow Medium | Fast Forward Reverse
Output Speed | Speed Speed

Q10

Q11

Q12

Q13

Q14

Q15

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

Right Servo Clock Freguency vs (Speed Characteristics and rotation direction)

Counter Frequency | Slow Medium | Fast Forward Reverse
Output Speed | Speed Speed

Q10

Q11

Q12

Q13

Ql4

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 alabel asthe 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.

L eft Right
tire, tire,
etc Left Servo Right Servo etc

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

11
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It should be noted that clockwise is forward and counter clockwise isreverse. 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 arein reverse. The
robot will turn left when the left servo is stopped and the right servo isin forward and the
robot will turn right when the right servo is stopped and the left servo isforward. 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 needsto bein reverse. Keepin 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. Writethe 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 thisis given in Section 3.6 on page 32. Copy and compile the
code in thissection. 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 datain channel A should
match the data on channel B. If not, then check that the circuit is wire correctly. If all
elsefail, 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 thisgraphic 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) JXKflipflop

b.) clock generator

c.) serid inparallel out (SIPO) register

d.) paralel 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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7.0pen anew graphic design file. Name this graphic design file robottop.gdf.

AMHz clk
ESOC 8 data switches I:I

PLD

TXUART

To Short wire, few inches Digital
Digital Antenna From data output
Antenna

datainput

Use an oscilloscope to

measure these two
points and compare —
should be the exactly Digital

the same waveforms data
output

Figure 10.5. Test circuit for TX and RX.
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8. Inthe 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. Y ou 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. Thiswill be different for each servo which may depend on the servo
modification and the potentiometer position, etc. Assign pinsto the serial datainput
(serialdata), clock input (clk_4Mhz), left servo output (Iservo), and right servo output
(rservo) signals. Compile and program the ESOC PLD with this design.

w[15.0]

rrrrrr

LA 5
I TT]

G seridats | [T

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 awire 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 bethe same
asthe RXUART clk for thisto work. For example, if the TXUART clk is connected to
g12 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 aleft turn command is sent the servo
should turn left. If aright 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 al 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 paralel 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 issuccessful, 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.

ooooooooooooo

nnnnnn

nnnnnnnnnnn

e s LEDS

Figure 10.7. Test circuit for rxuart and servo_control using LEDs.
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TX ESOC 8 data switches IMI
PLD
Common
TXUART groun RX ESOC
Seria data
o PLD
22 gauge cable wire " @
Figure 10.8. Test circuit for TX ESOC, RX ESOC, left and right servos, and robot platform.
TX ESOC 8 data switches @I
PLD
TXUART
Common RX ESOC
grounds
Serial data :
o - PLD >

22 gauge cable wire ’< @

Figure 10.9. Test circuit for TX ESOC and RX ESOC.



Wireless Projects, Version 7.5.3- DEVRY  Page 117 3/13/2006

TX ESOC 8 data switches IMI
PLD
TXUART -
RX
PLD
Serial data
- W From Digital N
Antenna data output RXUART
TX W i
Digitd l?ﬁenna j
—> datainput

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.
Thisleft as an exercise for the student to complete.

12. Acquire al the hardware components of the robot. A starting listisgivenin Table
10.4.

13. Construct the hardware platform for the robot as shown in Section 10.1.8 on page
121. The RX ESOC needsto stand above the plexiglass platform. Thisis done here with
1 and %2 inch standoffs. The platform isabout 10 inchesin 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 afew minutes demonstration time.
Make sure you have a spare battery pack or afast charger and a power outlet nearby for
uninterrupted demonstrations.
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module >
clock

CPLD pin 8
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CPLD pin 15
CPLD pin 16
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(servo-motor 2)
CPLD pin 46
» fwd out
CPLD pin 48 "
y rev_ou
Task 1, CPLD pin 58 From on/off
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Task 3, CPLD pin 56 UPL1/ UPX
-« board can be
used to
select the
tasks to be
performed:

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

resistors.

Figure 10.11. Project 3 PLD pin configuration and interfacing circuitry. Note: See Scenario Il
schematic to complete the Dinsmore 1490 circuitry.
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The hardware parts list for Project 3isgivenin Table 10.4 below. These parts can be
obtained from the references listed in Section 21 on page 191.

Part Quantity Ref designator Description

High Tech servos - 2 servol, servo2 servomotors

HS300 (Futaba S3003,

or Tower TS53)J)

Battery supply, radio 2 Vce 9.6 Volt Nickel Cadmium R/C car

shack, 9.6V, 1000mA, battery pack and charger for TX

230-0342 ESCO and RX ESOC, Radio Shack

DC power connector, M | 2 For connecting battery packsto

type ESOCs, Radio Shack

Caster wheel 1 Front wheel, Menards, L owes,
Home depot, etc.

Tire 2 Rubber tire, Tower Hobbies

Wheel 2 Rim for rubber tire, Tower Hobbies

Round Platform 1 platform | Round platform of diameter 11
inches (and thickness 3/16 inches)
cut from plexiglass, etc, etc

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

Screws, 844-712 is ? Machine screws, size 4-40x ¥, 30

Menards part # pieces, can be used to mount caster
wheel and servo if the 4-40x  is
not long enough.

Screws, 844-710, 844- About 16 Machine screws, size4-40x , 34

712 is Menards part # pieces. 8 is needed for mounting the
RX ESOC, 4 for the caster wheel, 2
for each servo

Nuts, 846-644 is About 12 Machine nuts, size 4-40, 28 pieces.

Menards part # 4 for the caster wheel, 4 for each
servo

Washers, 154-306 is About 12 Washers, No. 6, 100 pieces. 4is

Menards part # 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

Table 10.4. Project 3 hardware partslist.
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10.1.7. Other Sensors
Some other sensors are:
Line Tracker Sensor (Lynxmotion, digital output)
Infrared Proximity Detector (Sharp GP1U5 Radio Shack #276-137B, Digikey
#160-1060, digital output)
Sonar Ranging Unit (Polaroid Sonar module)
IR Distance Sensor (Sharp GPD2D02, digital output)
Magnetic Compass Sensor (Dinsmore model 1490; digital output)
Other sensor — you must get approval from the professor

NP

o oA w
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10.1.8. Assembly of the ESOC-bot: Platform |
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.

ESOC Board
mounted on

Wheel and tire assembly

5V Power to
A SEervVo
Servo-motor 1;
servol
Back-end
10 inch
diameter
96Vor7.2V
by 3/16 Battery pack ﬁolfsoc
inches resides on ton
width mounts
/ ~1/8
Caster Two 7/32 inch inch
@) O
Servo-motor 1, Servos
servol <« mounted
— on bottom
=1 —— of platform
v e

Figure 10.12. The bottom view of the ESOC bot.

21
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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 datain UART format to
the receiving ESOC. The receiving ESOC decodes the UART message and responds

to the commands sent.
transmitting ESOC.

transmitting ESOC.

Task 2: Perform object detect when selected from the remote control unit — the
Task 3: Performs direction detection when selected from the remote control unit —the

IFLED1 /
Servo 1 Q
Digital Infrared
Compass detector
circuit CPLD yd
— P Center
1__/—\
\><
Servo2 Receiver right
Circuit IF LED2
j Antenna

Figure 10.13. Project 4 of the receiving ESOC bot. |IF1 istheinfrared proximity
sensor while LED1 and LED2 areinfrared LEDs.
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The electronic part list for Project 4 is shown below.

10.2.1.

Project 4 Electronic PartsList
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Part Number Quantity Ref designator Description

IF Detector module, 276- 1 IF1 Infrared modulated detector

640, Radio Shack module, bandpass center
frequency=38,000Hz;
Vcc=2.4 1o 5 volts; peak
wavelength = 940nm

LED, 276-143C, Radio 2 IFLED1, IFLED2 Infrared light emitting diode

Shack

Altera CPLD, 1 CPLD, IC1 Devry ESOC board,

EPM7128SL C84-6 Controller

Altera CPLD, FLEX10K20 | optional CPLD, IC1 Altera UP1 or UPX board

or FLEX10K70

Magnetic Compass, 1 IC3 Magnetic compass, 4 hit,

Dinsmore model 1490 active low digital outputs

High Tech servos- HS300 | 2 servol, servo2 servomotors

(Futaba S3003, or Tower

TS53J)

Platform | 1 Platform | 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 —276-1547or | 1 Ji DB 25 male connector

276-1429, etc.

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

Recelver Module 1 IC FM, FSK modules, etc. 5

volts.

Table 10.5. Electronic part list for ESOC-bot Project 4.
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10.2.2. Project 4 Schematic
The schematic for Project 4 is shown below.

5volts
5Valts
R1=1000 ohms
CPLD pin 12
= 1, Vout
2
3
A. Radio shack | F 276-640 detector
circuit.
B. IR LED circuit.
IFLED1
CPLD pin 27
o K/\j R;:}89 ohms
IFLED2 38kHz
CPLD pin 28 R3=180 ohms _
} CPLD pin 24
38kHz #\

CPLD pin 25

Figure 10.14 Schematic of IR Detector circuitry (A) and IR LED emitter circuitry (B).
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<
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<
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g

Pin 1, North side
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Pin 1, South side

Magnetic
compass, [° >
1490 O >
Pin 1, West side
o) =

Devry ESOC board
CPLD, IC1
EPM7128SL C84-6

CPLD pin 15
CPLD pin 16
CPLD pin17

CPLD pin18

3/13/2006
C1, 33uF 6V 6V (? C2, 33uF
L eft Right
Servo Servo
Motor 1 Motor 2
CPLDpin44 |left_out (servo-motor 1)
CPLD pin 45 right_out
(servo-motor 2)
CPLD pin 46
» fwd out
CPLD pin 48 "
y rev_ou
Task 1, CPLD pin 58 From on/off
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Task 2, CPLD pin 57 switcheson
< the ESOC/
Task 3, CPLD pin 56 UPL1/ UPX
-« board can be
used to
select the
tasksto be
Left IRLED
_ 40K Hz clock
Left IR enable
—>
—> Right IR enable
Right IRLED
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il

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 PartsList
The hardware parts list for Project 4isgivenin Table 10.6 below. These parts can be
obtained from the references listed in Section 21 on page 191.

Part Quantity Ref designator | Description

High Tech servos - 2 servol, servo2 servomotors

HS300 (Futaba S3003,

or Tower TS53J)

Battery supply, radio 2 Vce 9.6 Volt Nickel Cadmium R/C car

shack, 9.6V, 1000mA, battery pack and charger, for TX

230-0342 ESOC and RX ESOC

DC power connector, M | 2 For connecting battery packs to

type ESOCs

Caster wheel 1 Front wheel

Tire 2 Rubber tire

Whesel 2 Rim for rubber tire

Round Platform 1 platform | Round platform of diameter 11 inches
(and thickness 3/16 inches) cut from
plastic, etc

standoffs 4 ST1, ST2, ST3, 1 and Y2 inch standoffs, for mounting

ST4 ESOC above the platform

Screws, 844-712 is ? Machine screws, size 4-40x Y2, 30

Menards part # pieces, can be used to mount caster
wheel and servo if the4-40x  isnot
long enough.

Screws, 844-710, 844- About 16 Machine screws, size 4-40x , 34

712 is Menards part # pieces. 8 is heeded for mounting the
RX ESOC, 4 for the caster wheel, 2
for each servo

Nuts, 846-644 is About 12 Machine nuts, size 4-40, 28 pieces. 4

Menard part # for the caster wheel, 4 for each servo

Washers, 154-306 is About 12 Washers, No. 6, 100 pieces. 4 is

Menard part # needed for mounting the bottom of the
RX ESOC, 4 for the caster whedl, 4
for each servo

Velcro 4 inch by 2 inches, 2 sets

Table 10.6. Project 4 hardware partslist.
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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 aPC or DSP. Datais acquired from the robots
mini mic and sent to the PC or DSP over acable 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 6is 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. Thisalso serves as atest to verify communication between
transmitter ESOC and receiving ESOC. Thistask 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
islocated on the robot. It receives the speech sound from the A/D converter and
sendsit 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 analysisis done, acommand 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 isthe PC using Matlab in real time. The transmitting
ESOC isinterfaced to the PC' s parallel port. A deamon running on PC is used to
determine when datais available. If sothe datais sent to afile 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 timeisleft an upgrade to serial
communication between boards should be considered.



Wireless Projects, Version 7.5.3- DEVRY  Page 128 3/13/2006

Data input: Command
Switches: robot turn left, right,
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fa
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PP —F >
A
Receive:
\/
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Figure11.1. Transmit ESOC.
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Figure 11.2. Receiving ESOC bot.
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11.1.1.

Project 5 Electronic PartsList
The electronic part list for the receiving ESOC in Project 5 is shown below.
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Part Quantity Ref designator Description

Altera CPLD, 2 CPLD, IC1 Devry ESOC board,

EPM7128SL C84-6 Controller

Altera CPLD, 2 CPLD, IC1 Altera UP1 or UPX

FLEX10K20 or board

FLEX10K70: optional

High Tech servos - 2 servol, servo2 servomotors

HS300 (Futaba S3003,

or Tower TS53)J)

Platform | 1 Platform | Platform 1 uses two
Servo motors, a caster
wheel, etc. See

ADC0804 1 IC Anaog to digita
conversion

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

Radio Shack — 276- 1 J DB 25 male connector

1547 or 276-1429, etc.

Buffer HC244 5 (2 for each 8 bit IC Buffer between cables

cableand 1 for DB25 and PLDs
interface); 2 (if serial

cable and DB25

interface)

Table 11.1. Electronic part list for Project 5 ESOC-bot.
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Project 5 Hardware Parts List
The hardware parts list for platform | is given below.

Part Quantity Ref designator Description

High Tech servos- | 2 servol, servo2 servomotors

HS300 (Futaba

S3003, or Tower

TS53))

Battery supply, 1 Vcce 9.6 Volt Nickel

radio shack, 9.6V, Cadmium R/C car

1000mA, 230-0342 battery pack and
charger

Home depot, etc., 1 wheel Front wheel

Caster wheel

Round Platform, 1 platform | Round platform of

fiber glass, from diameter 11 inches

Home Depot, (and thickness 3/16

Marnards, etc. inches) cut from
plastic, etc

Table 11.2. Project 5 hardware partslist.
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11.2. Project 6: Robotic Speaker Detection using a Zero Crossing Detector
andaPLD
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 atest 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 Description
The ESOC receives the speech sound from a bank of analog filters and comparators.
The output of the comparatorsis 5 volt digital clock signal which isfed to the ESOC.
This clock signal feeds the digital circuitry inside the ESOC. The digital circuitry
comprises n countersin parallel, in this case mod65536 counters. The output of the
countersis fed to adecoder that performs speaker identification using the threshold
data from the various speakers. If aparticular speaker is selected, the speaker is
verified before the robot performs atask 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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Figure11.4. ESOC bot. nisthe number of filtersin parallel. The—15 and +15
volt supply is needed by the OP ampsin thefilter bank. 5 voltsis needed by the

ESOC and remaining circuitry.
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11.2.3.

Project 6 Electronic PartsList
The electronic part list for Project 6 ESOC is shown in Table 11.3 below.

Part Quantity Ref designator | Description

AlteraCPLD, 1 CPLD, IC1 Devry ESOC board, Controller

EPM7128SL C84-6

AlteraCPLD, FLEX10K20 | 1 CPLD, IC1 AlteraUP1 or UPX board

or FLEX10K70: optional

Futaba S3003 servo or 2 servol, servo2 servomotors

Tower Hobbies TS53J

pack. High Tech HS300

SErvos

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

LM386 1 IC Amplifier with 0 and +5voltsrails

LM339 1 IC comparators

10000 POT 1 POT Variableresisitor, 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

Table11.3. Electronic part list for Project 6 ESOC-bot.
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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 LM 339
and LM 386 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 again of 20. Higher gains can be achieved by configuring the LM 386 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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Mini mic

Vin

C; should be selected such that its reactance
passes the first fundament easy but rejects DC.

R,=10W

L
~ C;=0.05nF

Cs=250nF
N

Ri=10KW
POT

Amplifier, Gain=20, see LM 386 datasheet for gains of 50 and 200

) 9

Rs=100KW

R3=5.1KW R,=5.1KW

Vin
D,;=1N914

Re=10KW

+5V
Q Zero crossing circuit using
LM339 comparator.
R;=100KW
\ Re=5.1KW,
3
- ToPLD
Vo ©

Q—+/ LM339
12
}ég:%OM W

Figure 11.6. Detailed schematic of amplifier and zero crossing circuitry.
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()
02 —i 1 14 1 03
LM339 ’7
o1 —12 B —— 04
VA —1 3 12 1 V- = GND
INL. T o] e |—::| IN 4+
INL+ C—H — )
. 0 IN 4
L
IN2- =16 o T N3+
IN2+ T—H ] o |—1:I N3

Figure 11.7. Pin configuration for the LM339 Quad comparator chip. Please seethe LM339 datasheet for
more information.

gain — ' ® s 8 —— 9an
inverting input I:—| 2 7 [—1 Bypass
noninvertinginput 15 | . 6 — v
Ground — 4 5 t—1 Vo

Figure 11.8. Pin configuration for the LM 386 low voltage amplifier chip. Please see the LM 386 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 itstwo terminals. Thisistypically
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 2*°
counter can achieve this. The VHDL code for adivide by 2*° (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. Thisinformation 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 isthe highest speed the servo will go. Medium speed is somewherein
between. Y ou have to use your best judgement on what is a slow, medium, or fast speed.

COUNTSS553S
CLK CHTOUTLC1S. . 9]

150

CLER

Figure 11.9. Digital test circuit for a servo motor using a mod65536 counter to divide down a4MHz clock
signal. The output ports for q10, g11, q12, q13, g14, and g15 areindividually connected to the signal input
of the servo motor. Thisisagraphic design file from the AlteraMAX PLUS |1 software.
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L eft Servo Clock Frequency (Speed Characteristics and rotation direction

Counter Frequency | Slow Medium | Fast Forward Reverse
Output Speed | Speed Speed

Q10

Q11

Q12

Q13

Q14

Q15

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

Right Servo Clock Freguency vs (Speed Characteristics and rotation direction)

Counter Frequency | Slow Medium | Fast Forward Reverse
Output Speed | Speed Speed

Q10

Q11

Q12

Q13

Ql4

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 alabel asthe 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.

L eft Right
tire, tire,
etc Left Servo Right Servo etc

Figure 11.10. Position of left servo relative to right servo.

41
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It should be noted that clockwise is forward and counter clockwise isreverse. 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 arein reverse. The
robot will turn left when the left servo is stopped and the right servo isin forward and the
robot will turn right when the right servo is stopped and the left servo isforward. 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 needsto bein reverse. Keepin 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 shownin Figure 11.11 in AlteraMax Plus|l. Figure11.11
consist of three main VHDL modules: Servo_control.vhd, speakerid_ctl.vhd, and
count65536.vhd. The servo_control VHDL moduleislisted in Section 3.8.5 on page 61.
The count65536 VHDL moduleis listed in Section 3.6.2 on page 39. The VHDL code
for speakerid_ctl VHDL moduleislisted in Section 0 on page 73. Y ou 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 filesinto robottop.gdf and connect them as
shown ininFigure 11.11. . Lastly, assign pinsas shown in Figure 11.5. sel0,sel1, and
sel 2 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 (LM 339) should be assigned to the input called
pulse. The output of the comparator is aclock like signal which drives a mod65536
counter. LedO, Ledl, 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 litesup. ThisLED stayslit for about 2 seconds. Afterwards, the robot trysto identify
the speaker. The outputs Iservo 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. Y ou 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 | eft servo to turn counterclock wise, w13 causes the right
servo to turn clockwise, and wl5 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. Digita 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 al the hardware components for the robot. A starting list isgivenin 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. Thisis done here with 1
and Y2 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 severa
minutes. Make sure you have a spare battery pack or afast charger and a power outlet
nearby for uninterrupted demonstrations.



Wireless Projects, Version 7.5.3- DEVRY Page 144

3/13/2006

The hardware partslist for Project 6 isgiven below.

11.25.

Project 6 Hardware PartsList

Part Quantity | Ref Description
designator
Futaba S3003 2 servol, servo2 servomotors
Battery supply, radio 1 Vce 9.6 Volt Nickel Cadmium R/C car battery
shack, 9.6V, 1000mA, pack and charger
230-0342
DC power connector, M | 1 For connecting battery pack to ESOC
type board
Battery supply, +12and | 1 -V, V+ OP177 or 741 , etc., power supplies
=12 volts.
Home depot, etc., Caster | 1 wheel Front wheel
wheel
Round Platform, plexi 1 platform | Round platform of diameter 11 inches (and
glass, from Home thickness 3/16 inches) cut from fiber glass,
Depot, Menards, etc. plastic, etc
standoffs 4 ST1, ST2, ST3, 1 and %2 inch standoffs
ST4
Screws, 844-712 is ? Machine screws, size 4-40x Y4, 30 pieces,
Menards part # can be used to mount caster wheel and
servo if the 4-40x  isnot long enough.
Screws, 844-710, 844- About 16 Machine screws, size 4-40x , 34 pieces. 8
712 isMenards part # is needed for mounting the RX ESOC, 4
for the caster wheel, 2 for each servo
Nuts, 846-644 is About 12 Machine nuts, size 4-40, 28 pieces. 4 for
Menards part # the caster wheel, 4 for each servo
Washers, 154-306 is About 12 Washers, No. 6, 100 pieces. 4 is needed
Menards part # 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.

Table 11.6 Project 6 hardware partslist.
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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 Pr oject
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.

ESOC Board
mounted on
top of

platform Wheel and tire assembly

5V Power to
A SEervVo
Servo-motor
1; servol
Back-end
10 inch /
diameter
96Vor7.2V
by 3/16 Battery pack 4ESOC
'n_CheS resides on ton hole
width mounts
/ ~1/8
Two 7/32 inch inch
holes — \<
@)
Servos
ggrs\é?\;?; tor mounted
’ on bottom
. of platform
v | ) .

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
DACO0808
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 isto build awireless simplex communication system. The
requirements are given next.

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

1. Design asimplex 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 adigital signal using an A/D converter
with parallel digital outputs.

3. Theparallel digital output signal from the A/D must be converted to seria using a
PLD platform such asthe ESOC. This serial datawill be used to modulate the
carrier frequency signal indicated in Table 13.1.

4. Must use aWyJen 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. Seethe 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 Carrier Frequency/TX and RX

1 315Mhz: WyJen GTX315M-3V-
AO0SO6A-M27A, GRX315M-3V-
A00S12B-MO7A

2 433Mz: WyJen GTX433M-3V-AO00SO6A -
M27A, GRX433M-3V-A00S12B-MO7A

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 isthe one from WyJen
Technologies: GRX433M-3V-A00S12A-MO7A.

7. Thedigital datarecovered 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 isthen fed to a speaker or oscilloscope. Thereceived D/A signa
must match the analog signal sent.
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Optional keypad

Keypad
Sensor:
potentiomenter or | 1 || 5 || 3 || A | Keypad can be ESOC push buttons or
.. . ESOC switches for control
Mh|n|m|cro o0 [ [ ]
one, €tc.
P 1]
Vv =10
Amplifier and buffer
ADC0804 8 ESOC board Parallel to serial conversion and
/ keyboard control

A2dvhd | TX UART

ADC breadboard Serial data out

TX breadboard

ASK Transmitter,
' —» GTX433M-3V-A00S06A -

M27A
Antenna
V\
47

Figure 13.1. Block diagram of atransmitter in a simplex communication system.
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T—a  Antenna
\
_—v
Telephone
receiver v
T breadboard ASK Receiver, GRX433M-
3V-A00S12B-MO7A
ESOC
\ 4
Paralld to serial Altera |
and DAC control CPLD RXuart
7 DAC control
VVVVVYYY ]
0-5V D/A
0-5v D —
sesker | Amplifier
DAC breadboard

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.

Part/Equipment Quantity | Ref Description/Pur pose
Designator

ESOC board or Altera 2 ESOC Altera programmable logic device

PLD platform EMP7128SL C84 board

Function Generator 1 Sine wave generation for input to
ADC0804

Oscilloscope 1 Received signal measurement on output of
DAC0808

GTX433M-3V- 1 Module Transmitter module, www.wyjen.com

AO0SO6A-M27A or

GTX315M-3V-

AO00SO6A-M27A or

GRX433M-3V- 1 Module Receiver module, www.wyjen.com

A00S12B-MO7A or

GRX315M-3V-

A00S12B-M0O7A

Speaker 1 speaker Small speaker, radio shack, etc

ADCO0804 1 IC Analog to digital converter, DIP

DAC0808 1 IC Digital to analog converter, DIP

Table 13.2. Electronic components for simplex wireless phone.

2. Usethedigital circuit and analog circuits from the section on “ Testing the
ADC0804 and DAC0808 together using aPLD” section 3.4 on page 23. Itis
redraw here for your convenience. The digital circuit (Figure 13.3) is used to
program the ESOC. The analog circuit consists of atransmit circuit (Figure 13.4)
and receive circuit(Figure 13.5). These circuits are used to test the ADC0804 and
DA C0808 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.
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Figure 13.3. Digital circuit for the ADC0804 and DA C0808 system.
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Figure 13.4. Analog transmit circuitry for ADC0804 chip.
Vcc =5 volts
Function Generator R5=10K _ || C1=150pF
6 19 4 =
11 PLD pin50 - D7
o O +Vin
12 PLD pin51—D6
! -Vin PLD pin 52 —-D5
Sinewave + 2.5V DC offset 20 13 P
1C2 14 PLD pin 54— D4
ADC0804 15 PLD pin 55— D3
[ [
INTR 16 PLD pin 56 — D2
- 17 PLD pin57-D1
. — — —_— PLD pin 58 — DO
Notes 10 WR CS RD |2
PLD = Programmable Logic Device
3 1 2
ToPLD pin2 =
From PLD pin4 -
From PLD pin 5
From PLD pin 8
8/
VA
PLD platform
PLD — 8 Outputs
—  y0: ToLed 0 and DAC0808: PLD pin 25—y0
EMP7128SL C84 —» y1l: ToLed 1 and DACO0808: PLD pin 24—yl
> y2: To Led 2 and DAC0808: FLD pin 22 -y2
—  y3: ToLed 3and DACO0808: PLD pin 21—y3
< y4: To Led 4 and DAC0808: PLD pin 20 —-y4
9 Inputs —  y5: Toled5and DAC0808: PLD pin 18-y5
p P y6: TolLed6and DACO808: PLD pin 17 —y6
+——p y7:Toled7and DAC0808: PLD pin 16 -y7
3 Outputs
y[7..0] - 8hitbus
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PLD Pin 25
PLD Pin 24
PLD Pin 22
PLD Pin 21
PLD Pin 20
PLD Pin 18 y[7..0] - 8bit bus
PLD Pin 17
PLD Pin 16
Counter
outputs
yO| vyl y2| y3 y4 yg y§ y7]
+5V
Vref=5Vv
113
DAC0808 14 Re=4. 7KW

15 R=4.7kW\

2
Al 5 —
A2 6 )
A3 7 4 lo >
A4 8
A5 9
A6 10
A7 11 16
A8 12

3 __—_C=01nF ~
-12v

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
compileit. The VHDL code and details for thiscircuit is given in Section 3.6,
Introduction - VHDL code for the TX UART, on page 32. Thiscircuit should be
programmed into the transmitting PLD platform.

g
2

x[7..0]

ck
#0
x1 E
: a :
2 - |— SUTBNT  —— jinespeedclk

nnnnnnnnnn

= —ba  senzaLonTa Ll e
S : T L seekem

os  ouTEsT e
*5 E
x5
pd

o
"
"

Figure 13.6. Alteradigital circuit for smplex 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 DO, D1,
D2, D3, D4, D5, D6, D7) from the ADC0804 to serial PCM (see signal serialpcm).
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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 compileit. The
VHDL code and details for this circuit is given in Section 3.7, Introduction -
VHDL code for the RX UART, on page 42. Thiscircuit should be program into
the receiving PLD platform.

—
pi
.‘l‘ﬁd """ B PO T TR PP
- |-~ ?UTPU'T [ szetial_data_out
P e e
.............................. S : COUNTES536
E S, o —— T [EhY BMISuTEIE. B
—cLR
BE
quququ t
11111 —
nnnnn s
CLKGENLZ. . 0=
SL7. . 0]
aseT—
ol2 7
CLK_BITRATE o7 =
R R A x
i serial_data ! —+——oaTaAIN De—
o serekisly - e o 7.0
xd
nal
*3
[
x2
D2
x1
D1
x0
Dot

notes: ol 2is the bit rate. Must match bit rate at transmitter
or thig will not wark.

Figure 13.7. Alteradigital circuit for smplex communication system showing the
d2a0808 _ctl and rxart VHDL modules. The d2a0808 ctl controls the the flow of datato
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). Itisvery 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 awire from the serial data output at the transmitter to the serial data

3/13/2006

input on the receiver. Also the two PLD platforms should share the same
grounds. Yes connect them. Thisisshown in Figure 13.8.

Transmitting
PLD platform

Serial datawire

Ground wire

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

Receiving
PLD platform

DAC

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. It should

sound like a tone!

Oscilloscpoe

7. You are now ready to perform step 6 again, only this time over awireless channel

instead of a hardwired channel. Build the circuit for the ASK transmitter and

receiver then try step 6 again. Thistime 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 datainput 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. Thisis shown in Figure 13.9.

Transmitting
PLD platform

antenna

>

X

Nl

RX

Receiving
PLD platform

DAC

Oscilloscpoe

Figure 13.9. Test setup for the transmitting and receiving PLD platform using awireless

transmission channel.
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14. Project 8: Half Duplex WirelessT elephony Using the Texas | nstruments
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 asfollows:

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 asindicated in Table 14.1. Seethe hardware list for
details of the transmitter.

Group Number Carrier Frequency/TX and RX
L 315Mhz
2 433Mz

Table 14.1 Group frequencies.

5. Transceiver: A small antennamay 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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Optional keypad
Mini micro phone P cyp 0-3v || Speaker
Keypad Amplifier
ENIERER S X
v I o DA
0-5V Amplifier |7||8||9||C|
AAAAAAA
Lo Jlele][o]
Keyboard contrrol DAC control
0-5V A/D 8
| l TX or RX switch T
TX_UART GTXRX915 RX_UART ESOC board
M-T30-1
control
A
Serial .
Telephone data out Sna
Transceiver |

FSK Transceiver,

RX

<« Duplexor

Antenna

—
Y

Figure 14.1. Block diagram of atransceiver in ahalf duplex communication system.
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T Antenna
_——v
v
Duplexor
Telephone
Transceiver
1
FSK Transceiver,
T A ESOC
Altera * 4
CPLD GTXRX915M- TX uart RX uart
T30-1 control - -
AAAAAAA v
DAC control
A
TX or RX switch
VVYVVYVYYVYY
Keypad 0-5Vv D/A 0-5Vv D/A
A v
0-5v 0-3Vv
Amplifier Amplifier
5 v
Mini mic speaker

Figure 14.2. Block diagram of transceiver in a half duplex communication system.
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14.2. Project 8 Procedure

1. Obtain al the electronic components for building the duplex communication system
givenin Table 14.2.

Part Quantity | Ref Description
designator

ESOC board or PLD 2 ESOC Altera programmable logic device, Devry

platform

Battery supply, radio 2 Vce 9.6 Volt Nickel Cadmium R/C car battery

shack, 9.6V, 1000mA, pack and charger, Radio shack

230-0342

DC power connector, M | 2 Connector For connecting battery pack to ESOC

type board, Radio Shack

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

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

Shack- 270-092 Radio Shack

LM 386 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 2 X Crystal Oscillator for Baud rates, Digikey,

oscillator, Digikey DIP, CTS frequency controls

CTX190ND or SE1226- MXO45HST-6.1440 or Epson Electronics

ND SG-531P 6.1440MC, 8 pin PDIP

Table 14.2. Electronic components for half duplex wireless phone. Can use codec or combo chip to
replace several components.
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3. Compilethe VHDL code for the TP3054/TP13054 chip. Esentialy, 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 aMOD12 counter while
the 8000hz clock is derived from the 1.536khz clock signal using aMOD192
counter.

Name of MOD65536 Frequency of divided clock, 6.144x10°%2", n=1,2,3,...16

Counter output

Qo 6.144Mhz/2'=3.072Mhz
Q1 6.144Mhz/2°=1.536Mhz
Q, 6.144M hz/2°=768khz
Qs 6.144Mhz/2°=384khz
Q. 6.144M hz/2°=192khz
Qs 6.144M hz/2°=96khz
Qs 6.144Mhz/2'=48khz
Q; 6.144Mhz/2°=24khz
Qs 6.144Mhz/2°=12khz
Qo 6.144Mhz/2'°=6khz
Quo 6.144Mhz/2'=3khz
Qu 6.144Mhz/2'°=1.5khz
Qu 6.144Mhz/25=750hz
Qi3 6.144Mhz/2'*=375hz
Qu 6.144Mhz/2°=187.5hz
Qs 6.144Mhz/2'°=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 awire instead of awireless
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!

. Now construct the digital circuit for the PLD and compileit. Thedigital circuit

should be the same for both PLDs involved. Portion of the digital circuit isfor
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receiving the digital data and the other isfor 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 awirelesslink. Thistime
remove the data wire and ground wire, then connect the PLD serial data output
pin to the serial datainput pin of the transceiver and connect the PLD serial data
input pin to the seria data output pin of the transceiver. The rf input/output of the
transceiver goes to an antenna. Thisis shown in Figure 14.4.

Function T - - » Receaivin Oscilloscpoe
generator codec | > Transmitti ng Serial datawire PLD laI? m Ly codec 5

»t PLD platform _ platro

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

Function Transmitti ng Receivi ng Oscilloscpoe
generator

NN PLD platform [p| TxRrx ™rx | PLD platform | J cogec

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;
useieeestd logic 1164.al;
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 3to 0; --put this module in auto mode (0), CPU mode(1), manua mode (2)

data_mode: in integer range 0 to 3; -- datamode 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: instd logic; --serial datato be transmitted

rx_data out: out std logic; --serial datareceived

dclk: instd_logic; -- wireless datais received on this pin when in uart mode

dio: out std logic; -- wireless datais 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 aof ewd_900_hdtc ctl is

--component srg16piso

--port (
--load: in std_logic;
--clk: in std_logic;

--clkent: 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 3to 0; --put this module in auto mode (0), CPU mode(1), manua mode (2)
reg_set data: in std_logic_vector(7 downto 0); -- must give dataif 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 mux16tol 2

--port(

--s. in integer range O 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 seria_cnt: integer range 0 to 127,

begin

--mux_out: mux16tol 2 port map (clk_cnt,reg_data out,pdat);

--pisol: srgl6piso 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 =©@@hen
seria_cnt<=0;
elsif clk@vent and clk=@@hen
seria_cnt <= serial_cnt +1;
end if;

end process,

paleprocess: process(clk_4mhz)
begin
if(clk_4mhz@vent and clk_4mhz=@gthen
case seria_cntis
when 0 =>
pale<= @©
when 4 =>
pale<=0®
when 5=>
when 6=>
when 7=>
when 8=>
when 9=>
when 10=>
when 11=>
when 12=>
when 13=>
when 14=>

—64
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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<=@©
when others=>
pale<=@©
end case;
end if;
end process;

clkprocess: process (serial_cnt)
begin
--if clk@vent and clk=©Qhen
case seria_cntis
when 0 =>
pclk<=@©

when 13=>
pclk <=©®® --hit 15clk

when 14 =>
pclk<=@Q®
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when 18 =>
pclk <= ©© --bit 14 clk

when 19 =>
pclk<=@©

when 23 =>
pclk <=©© --hit 13 clk

when 24 =>
pclk <=@©

when 28 =>
pclk <=©© --bit 12 clk

when 29 =>
pclk <=@©

when 33 =>
pclk <=©© --bit 11 clk

when 34 =>
pclk <=@®

when 38 =>
pclk <=©© --bit 10 clk

when 39=>
pclk <= @®

when 43=>
pclk <= ©@©--bit 9 clk

when 44=>
pclk <= @®

when 48 =>
pclk <= ©© --bit 8 clk

when 49 =>
pclk <=@©

when 58=>
pclk <=©© --bit 7 clk

when 59=>
pclk <=@©®

when 63=>
pclk <=©© --bit 6 clk

when 64=>
pclk <=@©

when 68=>
pclk <=©© --bit 5 clk
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when 69=>
pclk<=@©

when 73=>
pclk<=@® --bit 4 clk

when 74=>
pclk<=@Q®

when 78=>
pclk<=©® --bit 3 clk

when 79=>
pclk<=@©

when 83=>
pclk<=@® --bit 2 clk

when 84=>
pclk<=@Q®

when 88=>
pclk<=@® --bit 1 clk

when 89=>
pclk<=@©

when 93=>
pclk<=@® --hit 0 clk

when 94=>
pclk<=@®
when others =>
end case;
--end if;
end process,

serialprocess: process (clk)

begin

--if clk@vent and clk=@@hen
case seria_cntis

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 g
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15. Project 9: Digital Filtering using PLDs or DSPs

This goal of the project isto implement adigital filter in programmable logic device
(PLD). Therequirements are given next.

15.1.1. Project 9 Requirements

The requirements of this project are given as follows:

1. Must create asignal 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 adigital signal using aanalog to digital
converter. Thisdigital signal must interfaced to a Programmable Logic Device
(PLD) or Digital Signal Processor (DSP) for processing.

4. Must be ableto listen to orignal and filtered sound. Can use asingle-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 adigital processor for processing.

5. Must useaPLD or DSP to implement the digital filter alogorithm. The PLD or

DSP must remove al frequencies created in requirement 1 except 1.

The digital filter implemented shall be low pass, bandpass, or highpass.

Must use adigital to analog converter to convert the digital filtered signal to an

analog signal.

8. Theanalog filtered digital signal from requirement 6 must be sent to a speaker for
listening and analysis.

No
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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.
Part Quantity | Ref Description
designator
ESOC board or PLD 1 ESOC Altera programmable logic device, Devry
platform
LVM321/358/324 2 IC1 Low voltage 0 to 5V rail to rail operational
(optional) amplifier, National semiconductor, etc,
DIP
LM386 2 IC Amplifier, 0 to 5V rails, gains=50, 200, etc
Speaker 2 speaker Small speaker
ADCO0804 1 IC Analog to digital converter, DIP
DAC0808 1 IC Digital to analog converter, DIP

Table 15.1. Electronic components for digital filter project.

2. Complete Section 3.4 on page 23.

3. Create and add severa sinusoidalsin 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 fO=f1 in each set of frequenciesin Table
15.2. Add these frequencies and send the sum to the audio port using the Matlab

command wavplay().

Group Number | Frequencies

f1=500Hz, f3=1500Hz, f5=2500Hz

f1=1000Hz, 3=3000Hz, f5=5000Hz

f1=2000Hz, f3=6000Hz, f5=10000Hz

f1=3000 Hz, f3=9000Hz, f5=15000Hz

G IWINF

f1=4000Hz, f3=12000Hz, f5=20000Hz

Table 15.2. Group freguencies assignment.
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© N

Listen to the created sound coming from the audio port using a speaker. Use the
oscilloscope to record your results and measurements.

Perform a spectral analysis of the individual sounds and their sum from step 3.

Y ou should plot a magnitude verses frequency plot of each sound in Matlab.
Implement the filtering algorithm in the PLD or DSP. Use the handout givenin
class as areference for the VHDL algorithm.

Send the filtered signal to a DAC and finally a speaker for listening and analysis.
Use an amplifier if necessary between the DAC and speaker.

Perform a spectral anaysis 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 datafor analsis.
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16. Using DC motorsinstead of servo motors
A servo motor is controlled by adigital signal which causesit 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. Thebasic concept of a H-bridge
The H bridge’ s main use here isto control a DC motor which does not have a digital
interface such as the servo motors. Platform Il involves modifying an existing R/C
remote control car and possibly connecting the CPLD to the digital side of an H-bridge.
An H-bridgeisacircuit 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.

Switch 1 Switch 2

DC Motor
IV AVAVAVANEES
Switch 3 S\N@‘
L

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 adigital controller such asa CPLD,
microprocessor, micro-controller, etc.
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16.2. TexaslInstrument H-Bridge 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: outl (pins5 & 6) and out2 (pins 15 & 16)
of the chip. The outl 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 I nstruments Digital Signal Processor s (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 TM S320C6000 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 TM S3206000 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/catal og/devtool s'tool matrix.jhtml 2templ atel d=5121& family
1d=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 300M hz.
2. TMS320C64X for applications involving accelerated video, data, imaging, audio
with processor speeds between 300 MHz and 1000M hz.
3. TMS320C67X for applications involving |EEE 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 TM S320C62X 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 TM S320C6713 DSP for remainder of this publication.

17.2.  Getting Started with the TM S320C6713 DSP
Before getting started it is helpful to understand what the TMS320C6713 is all about.
The TI TMS320C6713 is afloating-point digital signal processor with the key features
listedin Table 17.1. Asshownin Table 17.1 the different TM S320C6713 DSPs are
differentiated by their main clock speeds. 167Mhz, 200MHz, 225MHz, and 300MHz.
After this small introduction to the TM S320C6713 you can now learn more on how to
program it in the next few Sections using C67x DSPL | B and example programs.
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DSP

Speed
Frequency(MHz)
Peak MMACS
Memory

RAM

On-Chip L1 Cache
Memory

On-Chip L2 Cache or
SRAM

External Memory Type
Supported

DMA
Interfaces
EMIF

McBSP

McASP

12C

HPI

Miscellaneous
Timers

Core Supply (Volts)
10 Supply (Volts)

Operating Temperature
Range (&deg;C)

TMS320C6713-167

167
1336

256 KB
8 KB

64 KB

Async:
SRAM,
SBSRAM,
SDRAM

16-Ch EDMA

1 16-Bit (PYP)

2
2
2
1 16-Bit

2 32-Bit GP
1.2V

3.3V

-40 to 105

TMS320C6713-200

200
1600

256 KB
8 KB

64 KB

Async:
SRAM,
SBSRAM,
SDRAM

16-Ch EDMA

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

2
2
2
1 16-Bit

2 32-Bit GP
1.2VI/1.26 V
33V

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

TMS320C6713-225

225
1800

256 KB
8 KB

64 KB

Async:
SRAM,
SBSRAM,
SDRAM

16-Ch EDMA

1 32-Bit (GDP/ZDP)

2
2
2
1 16-Bit

2 32-Bit GP
126V
3.3V

0to 90

3/13/2006

TMS320C6713-300

300
2400

256 KB
8 KB

64 KB

Async:
SRAM,
SBSRAM,
SDRAM

16-Ch EDMA

1 32-Bit (GDP)

2
2
2
1 16-Bit

2 32-Bit GP
14V

33V

0to 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=Externa Memory
Interface, DMA=Direct Memory Access, HPI=host port interface.



Wireless Projects, Version 7.5.3- DEVRY Page 176 3/13/2006

17.2.1. TMS320C6700 DSP Libraries
Several optimized assembly level programs have been provided by Tl 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: TM S320C62x, TM S320C64x and TM S320C67x. The benchmark programs
for the TMS320C67x DSP are listed in Table 17.2. These programs are categorized as
follows:

Adaptive filtering
Correlation

FFT

Filtering and convolution
Math

Matrix

Miscellaneous

NougbkrwdpE

The DSPLIB programs are free and can currently be download from the following Tl
web site: http://focus.ti.com/docs/tool sw/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/Ilit/ug/spru657/spru657.pdf. (119 pages)

Furthermore, examples of how signal processing programs should use the DSPL B are
giveninfollowing Tl reference at: http://focus.ti.com/lit/an/spra947/sprad47.pdf. (18

pages)

Category Available Programs

Adaptive Filtering sp_Ims

Correllation Sp_autocorr

FFT sp_hitrev_cplx, sp_cfftrd_dif sp_cfftr2_dit, sp_fftSPxSP, sp_ifftSPxSP,
sp_icfftr2_dif

Filtering and sp_fir_cplx, sp_fir_gen, sp_fir_r2, sp_fircirc, sp_biquad, sp_iir, sp_iirlat,

convolution sp_convol

Math sp_dotp_sqgr, sp_dotprod, sp_dotp_cplx, sp_maxval, sp_maxidx, sp_minval,
SP_Vecrecip, sp_vecsum_sg, sp_w_vec, sp_vecmul

Matrix sp_mat_mul, sp_mat_trans, sp_mat_mul_cplx

Misc sp_blk_move, sp_blk_eswapl6, sp_blk_eswap32, sp_blk_eswap64,
sp_fltogl5, sp_ql5tofl, sp_minerror

Table 17.2. TMS320C6700 Benchmark Programs.
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Finally, if you want to develop DSP agorithms by TI’ s standards you should follow the
TI'sguidelines and rules called eXpressDSP™- Compliant. Several developmental
references are provided at the following web address:

http://focus.ti.com/docs/tool sw/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/spru3s2e.pdf (137 pages)

TMS320 DSP Algorithm Standard Developer’s Guide:
http://focus.ti.com/lit/ug/sprud24c/sprud24c.pdf (48 pages)

TMS320 DSP Algorithm Standard Demonstration Application:
http://focus.ti.com/lit/ug/spru36le/spru36le.pdf (137 pages)

TMS320 DSP Algorithm Standard APl Reference:
http://focus.ti.com/Iit/ug/spru360c/spru360c.pdf (117 pages)

17.3. Getting started with Code Composer
Texas Instruments provides several references for getting started. Oneisthe 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 severa others can found at the following Tl site:
http://focus.ti.com/docs/tool sw/fol ders/print/ccstudi o. html#techni cal documents
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17.4. Setting up the TM S3206713 DSK and installing DSPL 1B
This Section introduces the tM S320C6713-225 DSK and shows how to setup the DSK kit
and how to install the benchmark C67x DSP library.

17.4.1. I ntroduction to the TM S320C6713 DSK

The TMS320C6713 DSK from Spectrum Digital Incorporated has the interfaceslist in
Table 17.3. These are shown in Figure 17.1 relative to the TM S320C6713 DSK board.

Category Quantity | ltems

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
M iscellaneous connectors J201, USB connector

J8, External JTAG connector

JP3, PLD programming connector

System LEDS: LED7, LEDS, LED9, LED10
SW2, Reset switch

Table17.3. TMS320C6713 DSK interfaces.
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O | no 303 303 301 X O
Headph .
i’\::lc %ereo CS)ltJ(:reo out prione External memory interface Host port
interface
TMS320C6713-225
DSP
Spectrum
Digital,
I ncor por ated
J3
12v
power
supply External peripheral interface
J6
Emulator
USB port Jumper LEDs interface
5V power switches Reset
supply LED7 switch
J201 LEDS, J8
= JP3 LED9 Sw2
LED10
O O

Figure17.1. TMS320C6713 DSK layout showing hardware interfaces.
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17.4.2. Procedurefor setting up the TM S320C6713 DSK with DSPL 1B
The procedure for setting up the the TMS320C6713 DSK is:

1. Acquiretheitemslisted inTable 17.4 before beginning the TM S320C6713
configuration.

Equipment Description

TMS320C6713 DSK board and acessoriesto TMS320C6713-225 DSP Devel opment board,

connect to PC, powers cords, etc spectrum Digital, $395.00

Code composer Software devel opment 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 viaUSB
cable, etc.

Table 17.4. List of itemsrequired 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 Yesto
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. Savethisfile, called c67xdsplib.exe into adirectory.

4. Openthefile, C67xDSPLIB.exe. a.) Click Yestoinstall the library. b.) Click
Next to continue with the Install Shield Wizard. c.) Read the Software Licenses,
and choose either “1 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 thelibrary has already been installed, you will be prompted to decide whether
to replace the files or not. Click Yesto 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 started with reference frameworksfor the TM S320C6713 DSP
Reference framework 3 is prewritten software to help the devel oper get started
quickly. You will learn how to use this software to get started in this section. There
are currently three reference frameworks avail able:

1. Reference Framework 1 (RF1)
2. Reference Framework 3 (RF3)
3. Reference Framework 5 (RF5)
The documentation for reference framework 3 islocated at:

https.//www-
ati.com/downloads/sds support/targetcontent/ RF/RF%202.2/spra793d.pdf .

18.1.

Procedurefor installing and using RF3 for the TM S320C6713 DSP

The procedure for implementing a FIR filter using Reference Framework 3 isgiven as

follows:

1. Acquiretheitemslistedin Table 18.1.

Equipment Quantity | Description

TMS320C6713DSK | 1 TMS320C6713-225 DSP Development board, spectrum Digital, $395.00

board and acessories

to connect to PC,

powers cords, etc

Code Composer 2.2 | 1 Software development software, comes with DSK (code composer getting started

or greater guide:
http://focus.ti.com/lit/ug/spru509e/spru509e.pdf (151 pages)

Download Reference | 1 https.//www.ti.com/downloads/sds _support/targetcontent/RF/index.html

Framework 3

software to

c:\ti\myprojects

Computer or Lap 2 Computers for running code composer and Matlab software and for interfacing to

Top 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 1 Microphone for recording sounds

microphone

Table 18.1. List of itemsrequired for implementing a FIR filter in the TM S320C6713
DSK board using Reference Framework 3.

2

Power up the DSK kit and connect it to the computer using the required
cable. Instal code composer on the computer. When theinstalling is
complete the software will ask whether you would like to test the DSK
board. Select Yesto verify the board and its interfaces are working

properly.




Wireless Projects, Version 7.5.3- DEVRY  Page 182 3/13/2006

3 Download the reference framework 3 (RF3) executable file,
setup_rf_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 isinstalled under
c:\ti, then the RF3 files should be installed in the following path: c:\ti\myprojects. This
installed the following filesin 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 thezip filerf_v2_ 20 00 _08.zip into the c:\ti\mypr oj ects 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 thetop-level build configuration script
c:\ti\mypr oj ects\r efer enceframewor ks\buildConfig.bat. This
will create DSP/BIOS configuration files (cdb®) compatible with
your DSK release, for all Reference Frameworks levels (RF1, RF3,
RF5, etc). Another way isto just run makeConfig.bat in the
individual RF Level board port of interest (e.g.
c:\refer enceframewor ks\apps\rf3\dsk6713).

4. Now start CCS, open the RF project for your board by selecting
Project->Open
c:\ti\mypr oj ects\r efer encefr amewor kS\apps\r f3\dsk 6713\app.pj
t

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

6. Now, build the application for your board by choosing Pr oj ect-
>Build

7. Load the program into your DSP board by selecting: File -> L oad
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 spOdat. Send thisto
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.

12.

13.

14.

15.

As an alternative you can also play atutorial from from TI’s code
composer install on your PC to test the code. Go to the Help menu
and select tutorials.

While the speech file or tutorial is playing choose File->L oad
GEL and select app.gel which islocated 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.

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 O isfiltered
using alow pass filter while channel 1 isfiltered using a high pass
filter. Listen to the sound coming from the speakers as you raise
and lower the controls.

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.

Repeat the previous step for channel 1. That is, choose GEL -
>Application Control->Set_ Channel_1 Gain.

Computer and
Matlab
wavplay() or
wavr ecor d()

Computer .
audio DSK Audio

output input

Audio Cable

DSK Audio
TMS320C6713 | output

USB Cable

DSK —Filter in I\_/'E
real time

Audio Cable

3/13/2006

Computer
speakers

Figure 18.1. lllustration or how two computers are connected to DSK board for testing reference
framework.
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19. FIR filter design using Matlab and I mplementation using the TM S320C6713
DSK
In this section we design a finite impulse response (FIR) filter and test it using Matlab,
then implement the filter in the TM S320C6713 DSP.

19.1. Procedurefor Designing a FIR Filter in Matlab.
The procedure for design an FIR filter isas follows:

1. Open Matlab.

2. Design a40 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 thisisthe remez() algorithm. Save the coefficientsto the variable
hnOdat. 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 hnOdatmag and its phase to
hnOdatang. Print results. Display the magnitudein dB.

OHz 500 Hz 800 Hz fs

Figure19.1. Lowpassfilter specifications.
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19.2. Procedurefor Implementing a FIR Filter in the TM S320C6713 DSP
The procedure for implementing the FIR filter in the previous section is as follows:
2. Acquiretheitemslisted in Table 19.1.

Equipment Quantity Description

TMS320C6713 DSK board and 1 TMS320C6713-225 DSP

acessories to connect to PC, powers Development board, spectrum

cords, etc 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 viaUSB 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 Speakersto listen to Matlab
generated sound

Computer microphone 1 Microphone for recording sounds

Table 19.1. List of itemsrequired 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; % samplerate in samples per second

Ts=1/fs; % sampling period

M=100000; %number of desired samples

fori =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 a3mswindow of the signal x(t) in Matlab and save for records. One way to
do thisisto determine the number of samples required for a3 mswindow. 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:

samples

samples = seconds

= fs” seconds

Therefore, to plot 3ms of the signal x(t) requires 44100 * 3x10° = 132 samples. The
Matlab code to do thisis:

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

To plot %2 second requires 44100 “ 1/2 = 22050 samples. The Matlab code to plot a2
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. Usewaveplay() 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
xnfiltOdat.

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(). Thisisillustrated 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.
Computer
Microphone
Sp
Computer . .
Computer and |  Audio DSK Audio| TMS320C6713 | DSK Audio
Matlab output input DSK output
wavplay() or :
wavr ecor d() Audio Cable

USB Cable

Figure 19.2. lllustration 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 xndskfiltOdat. Thisisillustrated in Figure 19.3.
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Computer
Microphone

Computer DSK Audic  Computer

Computer and ?ﬁgic&t i‘?}ﬁﬁAUdiO TMS320C6713  |output audioinput | COMputer and
'V'aﬂalb P DSK —Fillerin @~} Matlab ;
wavplay() or i wavr ecor

play() — real time | 0
wavr ecor d() Audio Cable

USB Cable
Figure 19.3. Illustration ot how two computers are connected to DSK board.

11. Plot the magnitude and phase plot of xndskfiltOdat. Save the magnitudein the
variable xndskfiltOdatmag and the phase in xndskfiltOdatang.

12. Now, using Matlab record the phrase “What Has God Wrought” using your
computer’ s microphone. Record the phrase to the variable sOdat. 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 300msinthe“G”.

13. Now plot the magnitude and phase of the 300 ms window. Save the magnitudein
the variable sOdatmag and the phase in sOdatang.

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

15. Now , using the filtered sOfiltOdat, plot the magnitude and phase of the same 300
mswindow in step 11. Save the magnitude to the variable sOfiltdatmag and the
phase to the variable sOfiltdatang.

16. Connect the audio cable from the computer audio output to the DSK audio input
port. Play the sOdat 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. Thisisillustrated 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 sOdat file from Matlab while recording it
on another computer. Save the recorded data to sOdskfiltOdat.

18. Plot the magnitude and phase plot of sOdskfiltOdat using the same 300 ms
window from setp 11. Save the magnitude in the variable sOdskfiltOdatmag and
the phase in the variable sOdskfiltOdatang.

19. You aredone! Have the professor verify your work.
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20. Project 10 —Speaker Identification using the Texas I nstrument TM S320C6713
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:

WeWereaWay a Year Ago

Use 1 second breaks between phrases. Y ou must repeat this phrase until at-least 21
seconds are compl ete.

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

identification.

Must use two channelsin the DSP to process the speech from the codec.

Implement a bandpass filter and volume control in each channel.

Implement alevel crossing analysis after each bandpass filter in each channel.

Implement a threshold detection analysis after each level crossing analysisin each

channdl.

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:

No ok

®©

a. Using an LED on the DSP board that is unique to each speaker that lights up when
speaker isifdentified.

b. Storing a phrase of the speaker’ s voice in memory and sending the speaker’ s voice
to a speaker when identified.

¢. 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 storesfor purchasing partsislisted 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.

Table21.1. 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




Wireless Projects, Version 7.5.3- DEVRY  Page 192 3/13/2006

22. References

Coughlin, R and Driscoll, F, Operational Amplifiers and Linear Integrated Circuits - 6™
edition, Prentice Hall, 2001.

Dueck, Robert K., Digital Design with CPLD Applications and VHDL, Delmar-
Thompson Learning, 2001.

Dueck, Robert K., Lab Manual to Accompany Digital Design with CPLD Applications
and VHDL, Delmar-Thompson Learning, 2001.

Gadre, Dhananjay V., Programming the Parallel Port: Interface the PC for Data
Acquisition and Process Control, Publishers Group West, 1998.

Hamblen, James, and Micheal D. Furman, Rapid Prototyping of Digital Systems: A
Tutoria Approach, Kluwer Academic Publishers, 2001.

Jacob, Michael, Industrial Control Electronics: Applications and Designs, Prentice Hall,
1989.

McComb, Gordon, The Robot Builder's Bonanza, McGraw Hill, 2001.

Waterman, Steve, Lab manual: Digital Logic Simulation and CPLD Programming with
VHDL, Prentice Hall, 2003.

Wayne Tomasi, Electronic Communication Systems — Fundamentals Through Advanced,
5" Edition, Pearson/Prentice Hall, 2004.

Wayne Tomasi, Laboratory Manual to Accompany Electronic Communication Systems —
Fundamental's Through Advanced, 4™ Edition, Pearson/Prentice Hall, 2001.



