Designing and Building A Cable Tester

Elliot Maude

500513330



Table of Contents:

Introduction:
Why a microcontroller?:
8 bit Or 32 bit:
Selecting the Microcontroller:

Hardware:
Buttons:
Input and Output Protection:
Driving the LEDs:
Power:
Software:
Input and Output:
Main Function:
Continuity Test Function:
LED Output:
Tone Generation:
Conclusion:
Bibliography:
Appendix 1: Schematic
Appendix 2: Code




Introduction:

Cables are commonly used in theatre, for example in sound and lighting systems.
Testing cables is important for avoiding and troubleshooting problems. For this project ¥4’ TRS,
XLR 3, 4 and 5, connectors were chosen because they are the most commonly used
connectors in theatre for audio and DMX data. These cables often have faults that can result in
time being wasted troubleshooting the problem. The purpose of this paper is to describe the
process that was used to design and build a cable tester. The principle behind building a cable
tester is simple: send a signal down the wire under test, if that signal is received at the other
end, alert the user that the wire is good. The most common implementation of a test like this is
seen in a multimeter which tests continuity between the two test leads. However, it can be
difficult and time consuming to test each wire within a cable. Using chassis-mount connectors a

device can test all the wires in a cable in quick succession.

There are many ways of designing cable testers, one of the simplest is to use a few
integrated circuits to chase through the wires, and LEDs to indicate any faults. The advantage
of this design is that the transmitter and receiver can be far apart. It also is a very cost-effective
design using minimal parts. However the design lacks flexibility and readability. The LEDs will
flash from one to eight and then repeat and will not stay on to show the user the result at the
end of the test. Chasing through all the LEDs also means that the test happens slowly as the
LEDs need to light long enough for the user to see (Collinson). Figure 1 is an example of a

basic integrated circuit based cable tester.



Why a microcontroller?:
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Figure 1: Integrated circuit based cable tester. Source: Collinson

I have chosen to base my cable tester around a microcontroller. This gives the design a

large amount of flexibility and readability. One major advantage is the ability to store the state of

each wire and display them to the user for as long as necessary and in the most intuitive way

possible. The microcontroller can also test the cable extremely fast, so that the user doesn't

notice any delay from pressing the button to seeing the result. This also means that if desired

the cable could be tested many times to ensure an accurate result without the user noticing a

significant change in speed. Another advantage of a microcontroller is that it minimises the

circuitry needed to add extra features to the device, such as tone generation. It is also an

expandable system and could test as many wires as needed. The major disadvantage is that

the microcontroller must be programmed in order for it to work, and creating the code can be a



time-consuming process. However in this case the benefits of using a microcontroller made it

the better choice.

8 bit Or 32 bit:

Now that | have decided to use a microcontroller | have to select which one to use. The
first choice is between eight bit or thirty-two bit Microcontrollers. Thirty-two bit ARM-based
processors could be used for this task, and could do it faster with less power than an eight bit.
The ARM-based processors are also capable of multithreading.” The hardware required in the
device to run an ARM versus an eight bit, is similar in size and cost. An eight-bit processor is
capable of running the program fast enough that the speed gained using an ARM is not
necessary. The power consumption difference will also have minimal effect on the device. The
primary advantage of eight bit is that the coding is easier than coding for an ARM. Figure 2
compares the required code to turn on and back off one output port; the eight-bit code is on the

left (Williams 2016).

int main{void)
nitTypeDef

HAL _Init();

__HAL_RCC_G

tructure.Pull

D, GPIO_PIN_12,

Figure 2: Eight bit (left) versus ARM output toggle . Source: Williams 2016

' Multithreading allows multiple actions to happen concurrently.



Selecting the Microcontroller:

Now that | have chosen to use an eight-bit microcontroller | have to select which eight bit
to use. | am using an Atmel AVR microcontroller because | already have the programing
toolchain setup. In order to determine which series of controller to use | need to figure out the
requirements of the project. | need one input pin and one output pin for each wire, that is a total
of five input and five output pins. | also need three pins to talk to the shift registers that control
the LEDs. Lastly, | need one pin for each of the two buttons that get the user input, bringing the
total to 15 pins. | have chosen to use an Atmega328p for this project. | chose an Atmega over
an Attiny because the mega series are more powerful controllers, with more robust hardware
peripherals for use. The other reason is expandability; the extra hardware peripherals and more
general purpose input and output pins that the Mega series has allows for more options for
future features and expansions. The twenty-eight pin microcontrollers of the Mega series
provide a good balance between flexibility and cost-saving. The Atmega328p has the largest
memory of the series of microcontrollers, ranging from the Atmega48, with 4 kilobytes of
memory to the Atmega328 with 32 kilobytes memory (Atmel 2015, 1). The Atmega328 is more
expensive than the others in the series, 4.87 CAD versus the 48 at 3.45 CAD?. However, before
having written the code | do not know how much memory will be needed to store it. Therefore
while prototyping | will use the chip with the most memory possible. However, once prototyping

is complete the smallest memory chip possible can be used to reduce cost.

2 Prices from Digikey on April 5th, 2016, DIP Packaging



Figure 3: ATMega328p

Hardware:

Now that | have determined the microcontroller to be used it is time to lay out the rest of
the schematic. The schematic can be found in Appendix 1. To understand the schematic a few
details must be known about programing the microcontroller. To program the microcontroller,
connections are made on pins 17, 18, and 19. These pins are kept open in the schematic so
that a programing header could be put on the board, allowing for easier prototyping. Also left
free are pins 9 and 10 on the microcontroller which are for an external timing crystal. Adding an
external timing crystal allows the microcontroller to be run faster than the default 1 megahertz.
This is left free to allow for the possibility of expansion to a feature that might require more cpu
speed (Atmel 2015, 27).The last pins left free are 2 and 3; these are serial communications pins
and are useful for interfacing the controller with other devices. These two pins with the three
programing pins make a full USART? interface. USART allows the microcontroller to talk to other
devices including computers (Williams 2014, 100 - 114). Although there is no support
implemented in the code, the interface is there to allow for expansion of features that interface
with other devices, without major hardware changes. This also means that other devices could

be made that would expand the types of connectors that the device can test.

3 Universal synchronous and asynchronous receiver and transmitter.



Buttons:

The buttons were put on pins 4 and 28 of the microcontroller. Pin 4 has a hardware
interrupt on it, meaning that when the button is pressed it will interrupt the code that is running
and execute a different section of code. The implementation of this will be discussed more later
on. Pin 28 does not have a dedicated hardware interrupt, but the way this button is used it is not

necessary (Atmel 2015, 70 - 74).

Input and Output Protection:

The inputs are on pins 23 through 27 and the outputs are on pins 5, 6 and 11 through
13. The reason for these selections is that the inputs are all on port C and outputs are all on port
D. Having all of the inputs and outputs on the same ports makes the code simpler and easier to
follow. All the outputs have a 1N002 diode between the controller and the output connectors.
This diode can block up to one hundred volts at one amp (Diodes Incorporated). This should
provide sufficient protection in case power, such as phantom power, is applied to the output.
The input protection is more of a challenge as it cannot block the test signal but must block
larger, potentially damaging voltages. The simplest solution is to use a zener diode voltage
clamp, in this case it uses a 1N4734 diode*. In this layout when the voltage goes above the
diodes zener voltage, 5.6Vv° in this case, the diode will short to ground and no current will flow

through to the microcontroller (Scherz, 424).

4 Diode rated at 1W, 20ma at 50v (Phantom power)
5 Below maximum operating voltage of microcontroller



Figure 4: Input and output protection on microcontroller board.

Driving the LEDs:

| have chosen to use five rgb LEDs® as the means of displaying information to the user.
The LEDs are simple yet still provide a readable display. To drive the LEDs right from the
microcontroller would take fifteen pins on the controller. In order to reduce the number of pins
required, | used serial-in, parallel-out shift registers. These reduce the number of pins to three:
data, clock, and latch. The clock pin pulses to tell the shift registers to read the state of the data
line. The state of the data line determines whether the output will turn on or off. When the
register reads a new bit of data it shifts the data over by one. When the data reaches the end it
overflows, which in this case goes to the input of the other shift register. The latch sends the
data into a storage register and allows data to be written to the register without being seen on
the output as it is shifted over. In this setup, output enable is always on, so when data is latched

it is seen. This configuration saves a pin, and the removed functionality is not needed for this

6 Common Cathode



application (NXP Semiconductors). The three pins chosen to drive the shift registers are 14

through 16.

Figure 5: LED board with Shift Registers Figure 6: Top of the case with LEDs

Power:

For power | have chosen to use a lithium battery with a pre-made charger board. The
charger board provides a micro-usb connection for power and recharging. This board proved to
be a good solution to reduce materials cost and save time. The board was modified to have
larger LEDs that show the user the charging state. This board also provides a common

connector type that is easy to find anywhere.



Figure 7: Battery charger board Figure 8: Board with modifications

In its current state the hardware is nearly complete; there is one missing connector and
one of the button connections yet to be completed. The finalising of the hardware is dependent

on the functionality of the software.

Software:

Moving on from the hardware to the software, the device will be programed in C. | will
not go into detail about the toolchain | used to program the device’, or the associated makefile®.
The code itself is nearly complete, however there are some software issues that need to get
sorted out before it can be finalized. With these problems the main function of the device works,
however it occasionally yields false results. With more testing and code development these
issues can be resolved. The full code with line numbers is in Appendix 2 and sections will be
referenced as discussed. Other versions of the code exist with more features, however the

appendix is the latest stable build.

7| used the Linux toolchain described in Make: AVR Programming, Chapter 2. Using a USBASP device.
8 Makefiles provide the necessary device and library information to the compiler.

10



The code begins with a section of includes and defines, Line 1 - 44. Includes tell the
compiler® what pre-made modules are used in the code. These modules simplify the coding
while adding minimal overhead. The util/delay module is a utility that allows you to tell the
controller to delay for a specific time. This module initializes a hardware timer and sets it to
delay the correct amount of time and the code required for the programer is one line,
_delay_ms(TIME) (Atmel AVR). Define statements are used to make the code more readable
and also to simplify common functions. Lines five through seven take the pins that are used to
drive the shift registers and gives them their respective names. This means that you can use
DATA, CLOCK or LATCH, instead of having to look up the pin assignment every time you want
to address them. It also makes the code easier to read as you don't have to look up which port
outputs where. | will address the other defines as they become relevant to the rest of the code

(Williams 2014, 81 - 82).

Input and Output:

The primary thing the microcontroller does is read inputs and and set the corresponding
outputs. The microcontroller’'s outputs are controlled by three hardware registers. These
registers store eight bits of data, and by looking at the datasheet we can see which bit controls
which pin. The first of the three registers is the DDxn'® register; a one in the register sets the pin
in that location as output, while a zero sets the pin as an input. While the pin is configured as an
output, the PORTxn"" determines whether the output is high or low, one is high and zero is low
(Atmel 8Bit, 76). The include avr.io sets up the adresses of the registers so they can be referred

to like normal variables. In this case DDxn is DDR. Lines 246 to 248 set the DDR for LATCH,

A compiler is a program that turns the C code into the microcontroller's machine language.
1 Data Direction Register (port X)
" Port (X) Data Register

11



CLOCK, and DATA high, so that data can be sent to the shift registers. Then the port register
can be set with either a one or a zero to set the output state, line 83. This process is made
easier by defines; the define setBit on line 19 sets the bit at the correct place in the register. For
example, setBit(DDRB, PB1) will enable pin 15 as an output. Using more defines, setBit(DDR,
CLOCK) will have the same effect but reads a bit simpler. Enabling inputs is a similar process;
reading inputs uses the third hardware register and will be covered later (Williams 2014, 64 -

68).

Main Function:

After all the defines have been set up, the main function™ runs its code, 243 - 304. This
code sets up the states of all the necessary inputs and outputs. This also runs a few functions to
flash the LEDs and initialize the button interrupt; these functions will be covered later. The
while(1) loop, line 287, will run forever and provided the main control for the device. This loop
starts by ensuring all the LEDs are off; this is to ensure that no data is left which could confuse
the user. Next it checks the state of the mode count and determines which function should be
called. In this version of the code, mode count has no control and is always set to zero. In the
final version it will be incremented by a button which will allow the user to change from

continuity mode to other modes such as tone generation.

Continuity Test Function:

The continuity test function will check the connection on every pin of the cable; if the pin
is good the associated LED will light green, if it is bad the LED will light red. When the continuity

check mode is selected, the function Continuitymain, 173, will be called. There are some local

12 A function is a section of code that is run when it is called (main runs first by default), used to simplify and
improve readability of the code.

12



variables which get set up, then there is a while loop that only executes while the variable active
is set to one. Active is set by one of the buttons; this button is on a hardware interrupt. The
interrupt is set up in the initint function, 62 - 69, by writing to specific registers defined in the
datasheet (Atmel 2015, 70 - 74). When the interrupt is triggered it runs a specific bit of code and
then returns back to where the code was. In this case it runs lines 49 - 60, which toggles the

state of the active variable.

When active is set to one, the Continuitymain function will run the bulk of its code. Lines
190 - 207 are another while loop; this loop will execute 8 times before moving on to the next
step of the code. This runs the PinTest function on each of the five pins; if the result is a one it
increments a value. The PinTest function, 155 - 171, starts with two arrays'; these arrays tell
the function which output and which input to use on the microcontroller. Calling the function with
PinTest(0) will test using O1 and I1 which is pin 1 on the connectors. This function set O1 to
output high. It then uses the define on line 22, bit_is_set, to check if the bit corresponding to 11
is high on the PINC register. If it is high, the function returns a one to Continuitymain, if not it
returns a zero. When the loop that reads values with PinTest is done, the resulting counters are
tested, and if the test on the pin returned all ones then the corresponding value is set to good,
otherwise it is set to bad. Good and Bad are defined on lines 13 and 14 and correspond to
numbers which when compared to an array are used to set the LED states. The Continuitymain
function then outputs the data to be displayed on the LEDs. After that, active gets set to zero so
the function will not keep repeating. At the end it runs TestLed function which flashes the LEDs
blue to let the user know the device is waiting for new input. This ends the function and returns

to the main loop.

'3 Arrays store data as one variable, assessed with an address.
13



LED Output:

Displaying states to the LEDs is split over two functions. The first is DisLED, 94 - 134;
this function takes in the identity of each LED and its state. This state corresponds to a value
within each LED’s array. Values from the arrays are sixteen-bit values which look like this
0b010000000000000. The output variable is the result of the value for each of the five LEDs
being OR’ed™ together, meaning that anywhere there is a 1 in any value replaces a zero
(Williams 2014, 89). This means that the result will look something like 0b0100100100100100;
this would display blue on all LEDs. The DisLED function sets the LATCH low, meaning that the
shift registers are ready for data to shift in. The output variable is then written to the RegWrite
function,73 - 92 , which takes in the sixteen-bit variable and writes it out one bit at a time. This
sixteen-bit value is written most significant bit (left) to least significant bit (right). The most
significant bit is read and if it is a one the DATA pin is set high, if it is zero the DATA pin is left
low. The bits are then shifted so that the next bit is the most significant bit. The CLOCK pulses
telling the shift registers to read the state of the DATA line. This repeats for all sixteen bits;
when done the microcontroller returns to the DisLED function which sets the LATCH high
outputting to the LEDs the states that were shifted in. Then the microcontroller returns to the

function that called DisLED (NXP Semiconductors).

Tone Generation:

The mode control does not exist in this version of the code as the tone generation is still

under test. The basic layout of it is that while active is one, the microcontroller will turn a pin on

* OR is a bitwise logical operator, turning the output bit high if one or more input bits are high.
14



and off rapidly, with the goal of creating a 1khz tone. Active is on an interrupt so that when it is
pressed it can stop this loop and turn active to zero returning to the main loop (Williams 2014,

124). This code, while relatively simple in design, requires changing the microcontroller's clock
system, which has been causing problems with other parts of the code. Once the timing

problem is fixed, the code will be able to be finalised.

Conclusion:

The research and development of this project has taken longer than expected. This
project has given me a good handle on prototyping and developing electronics. It has also given
me a good understanding of the workings of microcontrollers and the best practices to use while
programing them. It has also been my first major project using C programing language, which
has at times proven challenging. However, through research and experimentation | have
developed an understanding of the core building blocks of a C program. This project has given
me a good foundation for building and troubleshooting electrical devices from their software to
their hardware. The knowledge | developed here can also be used in areas outside of lighting
and sound, for example in building and fixing electronics inside props and set pieces. This cable

tester will be a useful device in troubleshooting and fixing problems quickly.

NN Figure 9: The almost finished device in its case.

15
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Appendix 1: Schematic
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Appendix 2: Code

® NN
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#include <avr/io.h>
#include <util/delay.h>
#include<avr/interrupt.h>

#define LATCH PBO
#define CLOCK PB1
#define DATA PB2

#define DDR DDRB
#define PORT PORTB

#define OFF 0
#define BAD 1
#define GOOD 2
#define TEST 3

#define DELAYTIME 10000

#define setBit(sfr, bit) (_SFR_BYTE(sfr) |= (1 << bit))
#define clearBit(sfr, bit) (_SFR_BYTE(sfr) &= ~(1 << bit))
#define toggleBit(sfr, bit) (_SFR_BYTE(sfr) A= (1 << bit))
#define bit_is_set(sfr, bit) (_SFR_BYTE(sfr) & _BV/(bit))
#define bit_is_clear(sfr, bit) (/(_SFR_BYTE(sfr) & _BV(bit)))

#define OPORT PORTD
#define ODDR DDRD
#define O1 PD3

#define O2 PD4

#define O3 PD5

#define O4 PD6

#define O5 PD7

#define IN PINC
#define IPORT PORTC
#define IDDR DDRC
#define 11 PCO
#define 12 PC1

#define I3 PC2

#define 14 PC3

#define 15 PC4

#define ButtonP PORTD
#define ButtonD DDRD
#define TButton PD2

18



46.
47.
48.
49.
50.
51.
52.
53.
54.
55.
56.
57.
58.
59.
60.
61.
62.
63.
64.
65.
66.
67.
68.
69.
70.
71.
72.
73.
74.
75.
76.
77.
78.
79.
80.
81.
82.
83.
84.
85.
86.
87.
88.
89.
90.
91.
92.
93.

volatile uint8_t ModeCount;
volatile uint8_t Active;

ISR(INTO_vect) {
_delay_ms(1);
if (bit_is_set(PIND, PD2)) {
if (Active == 1) {
Active = 0;
lelse {
Active = 1;
}
lelse {
return(0);
}
}

void initInt(void) {
EIMSK |= (1 << INTO); /Enable Interrupt O

EICRA |= (1 << ISC11); //Enable on Falling Edge
EICRA |= (1 << ISC10); //Enable on Rising Edge with ISC11

sei(); /Enable Global Interrupts

/I Writes Data to the Shift Registers

void RegWrite(uint16_t data) {

//Send Bits Serially

/[Order is MSB First
clearBit(PORT, DATA);
clearBit(PORT, CLOCK);

for (uint8_t i=0; i<16;i++){

clearBit(PORT, CLOCK);

if(data & 0b1000000000000000){
/IMSB is 1 so output HIGH
setBit(PORT, DATA);

lelse {
/IMSB is 0 so output LOW
clearBit(PORT, DATA);

ki

setBit(PORT, CLOCK);

data=data<<1; //Shift next bit to MSB

}
clearBit(PORT, CLOCK);

19



94.

95.

96.

97.

98.

99.
100.
101.
102.
103.
104.
105.
106.
107.
108.
109.
110.
111.
112.
113.
114.
115.
116.
117.
118.
119.
120.
121.
122.
123.
124.
125.
126.
127.
128.
129.
130.
131.
132.
133.
134.
135.
136.
137.
138.
139.
140.
141.

//Set the LED Display data
void DisLED(uint8_t L1C,uint8_t L2C,uint8_t L3C,uint8_t L4C,uint8_t L5C) {
//Set up data arrays of the LED pin map
uint16_tLED1[4] = {
0b0000000000000000,
0b0000000000000001,
0b0000000000000010,
0b0000000000000100,
h
uint16_tLED2[4] = {
0b0000000000000000,
0b0000000000001000,
0b0000000000010000,
0b0000000000100000,
3
uint16_tLED3[4] = {
0b0000000000000000,
0b0000000001000000,
0b0000000010000000,
0b0000000100000000,
h
uint16_tLED4[4] = {
0b0000000000000000,
0b0000001000000000,
0b0000010000000000,
0b0000100000000000,
3
uint16_tLED5[4] = {
0b0000000000000000,
0b0001000000000000,
0b0010000000000000,
0b0100000000000000,

b
uint16_t Output = (LED1[L1C] | LED2[L2C] | LED3[L3C] | LED4[L4C] | LED5[L5C]) ;

clearBit(PORT, LATCH);
RegWrite(Output);
setBit(PORT, LATCH);

}

void TestBIink() {

uint8_t L1 = OFF;
uint8_t L2 = OFF;
uint8_t L3 = OFF;
uint8_t L4 = OFF;

20



142.
143.
144.
145.
146.
147.
148.
149.
150.
151.
152.
153.
154.
155.
156.
157.
158.
159.
160.
161.
162.
163.
164.
165.
166.
167.
168.
169.
170.
171.
172.
173.
174.
175.
176.
177.
178.
179.
180.
181.
182.
183.
184.
185.
186.
187.
188.
189.

}

uint8_t L5 = OFF;
DisLED(L1, L2, L3, L4, L5);
_delay_ms(1000);

L1 =TEST;

L2 = TEST;

L3 = TEST;

L4 = TEST;

L5 = TEST;

DisLED(L1, L2, L3, L4, L5);
_delay_ms(1000);

/ICheck Continuity

int PinTest(uint8_t Pin) {

}

uint8_t Outpin[5] = {
01, 02, 03, 04, 05

2

uint8_t Inpin[5] = {
11,12, 13,14, 15

2

setBit(OPORT, Outpin[Pin]);

if (bit_is_set(IN, Inpin[Pin])) {

return(1);
}
else {

return(0);
}

void Continuitymain(){

uint8_t L1 = OFF;
uint8_t L2 = OFF;
uint8_t L3 = OFF;
uint8_t L4 = OFF;
uint8_t L5 = OFF;

uint8_tT1 =0;
uint8_t T2 =0;
uint8_t T3 =0;
uint8 t T4 =0;
uint8_t T5=0;

uint8_ti=1,

while(Active == 1) {
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190.
191.
192.
193.
194.
195.
196.
197.
198.
199.
200.
201.
202.
203.
204.
205.
206.
207.
208.
209.
210.
211.
212.
213.
214.
215.
216.
217.
218.
219.
220.
221.
222.
223.
224.
225.
226.
227.
228.
229.
230.
231.
232.
233.
234.
235.
236.
237.

while( i < 8){
if (PinTest(0) == 1}
T1=T1+1,
}
if (PinTest(1) == 1){
T2=T2+1,
}
if (PinTest(2) == 1){
T3=T3+1;
}
if (PinTest(3) == 1){
T4=T4 +1,
}
if (PinTest(4) == 1}
T5=T5+1;
}
i=i+ 1;
}
if (T1 ==8){
L1 = GOOD;
lelse {
L1 = BAD;
}
if (T2 == 8){
L2 = GOOD;
lelse {
L2 = BAD;
}
if (T3 == 8){
L3 = GOOD;
else {
L3 = BAD;
}
if (T4 == 8{
L4 = GOOD;
lelse {
L4 = BAD;
}
if (TS5 == 8){
L5 = GOOD;
lelse {
L5 = BAD;
}

DisLED(L1, L2, L3, L4, L5);
_delay_ms(DELAYTIME);
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238.
239.
240.
241.
242.
243.
244,
245.
246.
247.
248.
249.
250.
251.
252.
253.
254,
255.
256.
257.
258.
259.
260.
261.
262.
263.
264.
265.
266.
267.
268.
269.
270.
271.
272.
273.
274.
275.
276.
277.
278.
279.
280.
281.
282.
283.
284.
285.

Active = 0;
TestBlink();

/IMAIN FUNCTION
int main(void) {

setBit(DDR, LATCH);
setBit(DDR, CLOCK);
setBit(DDR, DATA);

setBit(ODDR, O1);
setBit(ODDR, 02);
setBit(ODDR, 03);
setBit(ODDR, O4);
setBit(ODDR, O5);

clearBit(IDDR, 11);
clearBit(IDDR, 12);
clearBit(IDDR, 13);
clearBit(IDDR, 14);
clearBit(IDDR, 15);
clearBit(IPORT, I1);
clearBit(IPORT, 12);
clearBit(IPORT, 13);
clearBit(IPORT, 14);
clearBit(IPORT, 15);

clearBit(ButtonD, TButton);
setBit(ButtonP, TButton);

Active = 0;
ModeCount = 0;

initInt();

uint8_tL1 = OFF;
uint8_t L2 = OFF;
uint8_t L3 = OFF;
uint8_t L4 = OFF;
uint8_t L5 = OFF;
DisLED(L1, L2, L3, L4, L5);

TestBlink();



286.
287.
288.
289.
290.
291.
292.
293.
294,
295.
296.
297.
298.
299.
300.
301.
302.
303.
304.

// Mainloop
while (1) {

L1 = OFF;
L2 = OFF;
L3 = OFF;
L4 = OFF;
L5 = OFF;
DisLED(L1, L2, L3, L4, L5);

if (ModeCount == Q)
Continuitymain();
lelse {
Tone();

}
}

return (0);

/* end mainloop */
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