
	
 	

Degree Examination in EG3576 Communications Engineering 1

ANSWERS

Candidates must answer all FIVE questions. 
– All questions carry 20 marks
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1. Asynchronous Communications

(a)     5 	
 A bus uses asynchronous character framing based on EIA-432. Sketch the signal waveform that is
        	
   	
 received when the hexadecimal value 0x05 was sent.	


	
 	
 The waveform should show the following for the A channel:

	
 	
 1) An idle period before the start - at the Mark level,
	
 	
 2) A start bit of one baud period at the space level.
	
 	
 3) A byte, represented in binary and ordered lsb first - i.e. 1010 0000  represnts (0x05)
	
 	
 4) Two bauds with a Mark value (the stop bits) 

	
 	
 Slots are sent using an RS-485 line signal and asynchronous character framing. 

Identification of the start of a frame (example only - answer needs to provide full plot)

	
 	
 There is an arbitrary idle gap between slots,  identified by a Mark level (high)  The bits in a byte are 
sent LSB first, using a shift register. Each slot starts with one start bit (low), followed by the data byte 
and each valid slot ends with two stop bits (high). The start of each slot is therefore  identified by the 
receiver by a downwards (space) transition in the received line voltage. This triggers reception of the 
11-bit slot using a shift register. 

	
 	
 Sequence to be sketched: 0 1010 0000 11

	
 	
 The answer should label the vertical axis (volts) and horizontal axis (time, in bauds or seconds).
	
 	
 The answer must could show the balanced version of the waveform (inverted) on the B channel, but 

this was not requested in this question.

	
 	
 (There is no direct synchronisation between sender and receiver (e.g. DPLL or clock signal). Instead, 
each independently uses a locally generated copy of the clock set to the nominal baud rate. If the last 
two (stop) bits are not both set to one, then the slot is discarded.)	


(b)      2 A sender transmits data at 1200 bytes/sec. What is the minimum baud rate that is needed to 
  transmit this  signal using asynchronous transmission?

 8 bits /slot - 2 overhead bauds - total = 10 bauds (assuming minimum idle).
 1200*10 =  12kbps, or 13.2 kbps, assuming 2 stop bits.
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(c)     5  Why is the slew rate important when specifying the line driver to be used in a circuit?    

	
 	
 A driver circuit normally includes both a transmitter and a receiver. First let’s focus on the a  high 
baud rate receiver, which accepts a wide bandwidth input signal. This makes the receiver more 
susceptible to interference at higher frequencies (e.g. >> 250 kHz in this example), picked-up as the 
signal travels along the cable. The wide-band receiver results in reduced ability to detect the wanted 
signal, whereas a band-limited signal (e.g. using a low-pass filter) reduces this susceptibility to any 
unwanted interference/noise outside the filter band. 

	
 	
 It is therefore wise to use a receiver that filters the signal at frequencies above the baud rate. Slew-rate 
limiting at the transmitter works by slowing the edges of the RS-485 signal down, reducing the 
signal's high-frequency components. An appropriate choice of driver/receiver circuit at the transmitter 
and receiver hence both reduces radiated emissions and reduces susceptibility to noise and improper 
termination.

	
 	


(d)  7 Use diagrams to show how it is possible for an asynchronous receiver to work with a  
	
 	
 clock that is 2% lower than the normal receive clock of 250 kbaud. Show also that the 
	
 	
 receiver can not reliably work at a 10% lower baud rate.         

The receiver uses a clock pre-configured to the baud rate. The receiver must sample 
each “bit” , and should ideally do this in the centre of the bit-period. If the receiver baud 
rate is different to the sender, the clocks will slip relative to one another, the more bits 
since the start of the byte, the bigger the slip, until finally one bit will not be sampled 
(or will be sampled at the edge of the waveform, where the signal is weaker.) This will 
result in a receive error.

1 baud = 4 µS; 1 slot = 11 baud
A sender at 25000 baud starts the last (msb) data bit of the slot at 8*4 µS after the start 
bit, i.e. at 32 µS.
The msb bit is completed at 9*4 µS after the start bit, i.e. at 36 µS,
A receiver at 25000 baud samples the last baud at 8.5 *4 µS =  34 µS
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              ________
              |              |
            _|              |_     ---> Time
           32 µS     36 µS
                      ^
                Sample at 34 µS, sampled at the centre of a correctly timed baud
2% lower sender rate baud rate results in a last bit of the slot being started  at 8*4*.98 
µS = 31.4µS
and ending at t 9*4*.98 µS = 35.3 µS
              ________
              |              |
            _|              |_     ---> Time
           31.4 µS     35.3 µS
                          ^
                Sample at 34 µS, sampling is at the right edge of the baud
This results in sampling just at the end of the last baud period, rather than at the centre 
of the baud, in theory this could be OK, but it would likely result in a degraded signal 
since practical line drivers limit the slew rate.
A 10% difference would be too much: 10% lower sender baud rate results  in a last bit 
starting  at 8*4*.9 µS = 28.8µS and ending at t 9*4*.9 µS = 32.4 µS The receiver 
samples after the last baud has been sent at  34 µS

(e)	
 2	
 How does a NMEA GPS receiver validate the integrity of the received data?

	
 	
 A longitudinal parity word is included in the last byte of the frame. This comprises the X-OR sum of 
all bytes. This is calculated at the sender and inserted as the last byte of the frame. The receiver will 
independently calculate the checksum and compare with the transmitted value - if the two values fail 
to agree the entire frame is discarded.

	
 	
 Example pseudo code: var checksum = 0; 
for(var i = 0; i < stringToCalculateTheChecksumOver.length; i++) { 
  checksum = checksum ^ stringToCalculateTheChecksumOver.charCodeAt(i);  }
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2. Digital Multiplex (DMX)

(a)  5	
 Provide notes comparing the methods used for frame synchronisation in NMEA GPS transmission 
  and transmission using Digital Multiplex (DMX). 

 NMEA GPS and DMX 512 are both asynchronous communications protocols using 8-bit data. In 
GPS reception, the receiver parses the bit stream to detect a unique frame alignment pattern, starting 
with a $ character and a two character ID.  The $ character is not permitted in the data within the 
frame.

	
 In DMX a break sequence is used to mark the start of each frame. Any binary value is permitted in 
the data of a slot, since this is not confused with the break sequence. The first slot (slot 0) carries a 
control value to indicate the format/type of the frame. This is analogous to the two character ID in 
the GPS frame.

NMEA GPS DMX-512

Physical Layer RS 422 (unbalanced) RS 422 (balanced)

Slot Framing 1 stop bit 2 stop bits

Baud Rate 4800 256,000

Start of Frame $GP Break

Frame Payload ASCII (comma separated) Binary

Integrity Check Checksum None

                 

(b)  5 How may balanced transmission improve the noise immunity of the communications link?         
                             [2 marks]

	
 	
 Balanced transmission uses two lines: A,B (the differential B signal is the inverse level of the 
A signal). This means there is no net radiated signal (i.e. the A and B signals cancel each 
other out, it also means equally that there is good immunity to external interference - any 
interfering signal changes both lines equally, resulting in no net change to the differential 
signal.

	
 	
 Cable for differential transmission uses a pair of tightly twisted conductors:
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 Also note: Receiver and transmitter thresholds use 200mV hysteresis to avoid oscillation in 
the output when the signal varies.

	
 	


 
  Simple plot  showing a waveform with 6 bauds, 010110, and with noise introduced at  the the third 
 
  ‘1’, the differential signal is still clearly visible when noise is introduced.:
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(e)  10 Provide a set of diagrams and detailed explanation on one of the following topics. 

Either:
	
 A DMX-enabled fixture is used to control the output power output supplied to a mains-powered 
	
 lamp. The output is set to either 20% or 75% illumination. In each case, determine the value
 	
 of the slot transmitted to the fixture using the DMX bus and sketch the corresponding 
          	
 waveform for the voltage across the lamp at the fixture. 	
 	
 	
 	
   

Basic mode of operation (illustrated for 50% value):

20% expressed as a DMX value is 51 decimal, decimal (since each value has a maximum of 255)
75% expressed as a DMX value is 75/255 =196 decimal.
All slot values are always lsb first when seen on the bus.

Mains trigger signal needs to be aligned to end of each half mains cycle - where this crosses the 
zero threshold.

The trigger signal for 20% output  is the last  20% of each half cycle (positive and negative part  of 
the cycle). The trigger signal for 75% output is the last  75% of each half cycle (positive and 
negative part of the cycle). The trigger pulse must  complete before the end of the half cycle, to 
avoid ambiguous firing in the next cycle.

The output waveform comprises partial cycles of the mains 50 Hz waveform.
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or:
	
 Provide a fully-labelled diagram that shows the sequence of signals that are sent on the A and B wires of a 
	
 DMX-512 Bus when it sends a break followed by Start Code with the hexadecimal value 0x55.	
        

 

The start of a frame is illustrated by the first part of the following diagram: 

1. SPACE for BREAK
2. MARK after BREAK (MAB)
3. Slot Time
4. START bit
5. LEAST SIGNIFICANT Data 

BIT (LSB)
6. MOST SIGNIFICANT Data 

BIT (MSB)
7. STOP Bit

8. STOP bit
9. MARK time between slots
10. MARK before BREAK (MBB)*
11. BREAK to BREAK time
12. RESET Sequence (BREAK, 

MAB, START Code)
13. DMX512 Packet
14. START CODE (SLOT 0 Data)
15. SLOT 1 Data
16. SLOT n DATA ( Max. 512)   

	
 	
  

 The vertical axes must be labelled volts, and the horizontal axes show a 4 µS baud size.
 
 A and the inverse signal B should both be represented. 

 The first part of the above diagram should be drawn, where the field 14 carries 
%01010101, i.e. 0x55.

 A full answer should also note the practical implications of transmission on a real cable - 
such as slew-rate limiting.
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3. Remote Device Management (RDM)

(a)    5 Calculate suitable component values for the bias circuit, given that RDM uses a cable with
a nominal impedance of 120 Ω.       [5 marks]

  Because the bus is used in half-duplex, which means the tx signal is not continuous.
  The bias circuit prevents the lines from floating, and hence being very susceptible to transients. 

  If there is no sender the lines “float”. The bias circuit prevents noise from being seen as a signal.
A connected via R to GND
B connected via R to +5V
Of course, only do this once for each bus!
Each RS-485 node has an input impedance of 12K. 
32 nodes in parallel present load of 376 ohms. 
Two 120 Ohm terminations add 60 Ohm load.
Total load is therefore  1/(0.0167+0.0026)=51.8 Ohms

The RDM spec  says “The command port shall provide a means to bias the termination of the data 
link to a value of at least 245 mV” 

To maintain at least 245 mV between B A line, a bias current of ~ 4.7 mA flows through this load. 
To create this bias from a 5V supply needs a series resistance of 1063 Ohms, subtract 51.8 Ohms 
from terminators, this leaves 1011 Ohms. 
Placing half as a pull-up to 5V and half as a pull-down to ground gives a bias of 505 Ohms, 510 
Ohms to nearest preferred value

(c)  3 Explain how a RDM controller uses tri-state logic to communicate using Half-Duplex.    

In DMX all devices except control surfaces, splitters and mergers are permanently in receive mode.  
In RDM a device controls the connection to the bus to enable a transition from reception to 
transmission when it receives a control signal from the bus master.  After sending data, the device 
immediately returns to receive mode The high impedance state is not used in normal operation. 
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 An appropriate explanation or diagram showing the tx/rx enable lines to the driver is also useful.

	
 	
 	
 	
 RDM chose a Bi-directional bus in Half Duplex

	
 	
 	
 An RDM device  uses tri-state drivers

	
 	
 	
 To prevent a "data collision", receiver hardware remains in a receive mode 

	
 	
 	
 until explicitly set to transmit data.

(d) 10 Draw a block diagram showing the design of a DMX Splitter and use this diagram to explain how 
the device works.  How would this device need to be updated to support RDM? 

When very long cable segments are employed (e.g. segments greater than 300m), or more than 32 devices are 
required, it is necessary to boost the signal through a regenerative repeater amplifier, also known as a buffer 
amplifier or regenerative repeater. The key to digital transmission is not the only to use amplifiers, but to use 
amplifiers as a part of regenerative digital repeaters. A repeater amplifies and equalises the received signal, and then 
digitally samples the signal to decode the bits being sent (i.e. recognises each bit in turn). Once decoded, the digital 
bits may be sent a fresh down the cable to the next repeater, regenerating a signal at the output of the repeater 
which is as good as the original sent signal. By using repeaters at suitable points along the cable (before the signal 
deteriorates below the level at which it may be reliably decoded), arbitrary long distances may be reached with 
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little probability of bit errors. Splitter amplifiers are like repeaters, but have more than one output. They can be 
small converters, rail or rack-mounted units linking cable to cables. They preserve and duplicate digital signals, 
effectively expanding DMX control bus (limited to 32-devices) to any number of connected devices.  

Diagram showing a splitter distributing a DMX universe to two cable busses. Each bus is terminated at the ends.

The input of the repeater amplifier is the same as the input of any other DMX512-A device; the output is the same 
of that of a DMX512-A transmitter. The repeater receives the signal from the input cable segment, converts to logic 
level and then outputs a "clean" copy of the signal to the output cable segment. This allows connecting areas that 
are more distant and/or are not linear.

The outputs may also be optically isolated. Optical isolation is an electrical barrier between the input to the output 
and between the other outputs. If something bad happens on one leg, it won’t take down the signal on the other legs 
of the splitter, or go back up the line and damage your really expensive controller. DMX is sensitive to grounding 
issues, so using an optoisolator will help solve those problems. 

(Answer could provide a circuit diagram: an isolated version of a DMX Splitter is included in the course web 
links).

RDM requires repeaters to support half-duplex, in which the direction of the ports may be changed as the RDM 
protocol is used. This requires an RDM repeaters to interpret the control signals sent on its uplink and to understand 
when downstream devices are expected to transmit (including implementing timers to recover from loss of a 
control frame.). This requires a micro-controller based design. The timing requirements of RDM also imposes a 
limit on the the maximum number of sequential repeaters/splitters that a signal may transverse.
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4. Other Control Busses

(a)  5 Many microcontroller designs use a Watchdog Timer, what is the purpose of this timer?  

 A simple timer integrated into the controller, that when triggered, counts down to zero and triggers a reset  
interrupt.

 The timer is initialised at the start of the execution by enabling a hardware flag - this can not  then be disabled 
with a restart.

 The executing code then periodically resets the timer in the main program.

 If the timer ever reaches zero, the program is assumed to have crashed and the watchdog Interrupt service 
triggers a full reboot.

(b) 5 Provide a labelled diagram showing how a line-driver can enable a microcontroller to receive control 
information from a balanced communications bus.   

 Note control of direction, and that the cable is wired straight through the device.

 Isolation is a key requirement for successful long-distance balanced communications. This remove the 
possibility of ground-loops and requires: optoisolation/transformer isolation of control signals, a separate dc 
supply, a separated earth (note capacitive coupling to ground, Capacitive coupling to ground 10 nF, 1kV).

Arduino Based DMX-512 Camera Controller  10th May 2013 

 

62 
 

7.10 DMX-512 Arduino Shield with Isolation 

 
Figure 7-5 Schematic for DMX-512 Arduino shield with isolation. 
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(c)  10 Provide a set of diagrams and detailed explanation of how a DMX receiver may use a software 
  state machine receive a set of 4 DMX slot values at a pre-selected base address. Your example 
  must include a description of the processing performing in each state and should include a state 
  diagram and/or a flow chart.

  Description of the algorithm and states were provided in the lecture and tutorials.   
  Diagrams need to be accompanied by appropriate explanation. The key states are:
   IDLE 
   BREAK 
   STARTB 
   STARTADR
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Note that the flowchart assumes that reading the USART status also takes the oldest received byte from the 
Receiver FIFO. This means that in state “STARTB” the byte is read, but not used, effectively skipping the byte 
until the start address has been reached.
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5. 
(a) 3 What  are the main differences between a synchronous communication system and one that uses 

 asynchronous communication system?      

 A clock (timing signal) is also needed at the receiver to clock data into the receive shift  register. This must  
identify the timing of each bit  (in practice it is preferable to identify the centre of the bit  - since this usually 
indicates the point of maximum signal power). There are two basic ways that timing may be provided on a 
communications link:

 In synchronous communication, the sender and receiver use clocks that are synchronised, usually using a 
phase-locked loop or dedicated clock wire. This ensures that  the receiver is able to determine the centre of 
each data bit when decoding the data that has been sent.

 In asynchronous communication, the sender and receiver clocks are not  synchronised, and operate each at  a 
pre-determined nominal frequency. Each slot/character is individually synchronised. There can be an 
arbitrary idle gap between slots, identified by a Mark level (high).

(b)  5 Explain how a Controller Area Network (CAN) uses bit-stuffing to enable any byte value to be
  sent within a CAN frame. 

	
 The sender uses bit-stuffing to remove contiguous series of identical values on the bus. Senders and receivers 
count runs of bits sent at the same level. A sender that sends 5 bits of same polarity, inserts a stuffing bit 
before sending the next bit: One bit with opposite polarity (not part of message)

	
 Examples 
	
 	
 1010101001 sent on cable as                            , received as 1010101001 
	
 	
 1010000001 sent on cable as                            , received as  1010000001

	
 An answer may also note: A receiver that receives 5 bits of same polarity, deletes following bit: The removed 
stuffing bit must be the opposite polarity (or noted as an error). This happens automatically and ensures 
receivers always see transitions. - Can add up to one bit in five, maximum 20% additional overhead.

(c) 2  Provide two examples of systems that use a CAN bus.

	
 Examples covered in the course include car electronics (e.g. engine control), othgr types of vehicles, 
airplanes and industrial control. Any valid example is acceptable.
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(c)  10 Consider two CAN nodes A, B with respective message IDs: 415 and 455. Sketch the waveform
  representing the first 12 bits if each transmits individually, and also sketch the resulting arbitration 
  when the two messages are sent simultaneously? 

  Calculate the message ID in binary.

  Message A:

A 0 0 0 1 1 0 0 1 1 1 1 1

  \Message B:

A 0 0 0 1 1 1 0 0 0 1 1 1

  Note the first bit where a 0 (driven bus) is forced onto a 1 (floating bus) signal. This indicates the 
  place where arbitration takes place. The 0 wins.

 

A 0 0 0 1 1 0 0 1 1 1 1 1

B 0 0 0 1 1 1 - - - - - -

bus 0 0 0 1 1 0 0 1 1 1 1 1

  The waveforms drawn need to:
   label the horizontal time axes 
   and to represent the CAN_H and CAN_L values, where:

    1 is represented as recessive (both lines floating)
    0 is represented as dominant (CAN_H is High (e.g. 3.3V or 5V); CAN_L is Low)Driver

Input

CAN
Bus

Receiver
Output

Recessive RecessiveDominantCANH

CANL

The CAN Bus www.ti.com

Figure 7. CAN Dominant and Recessive Bus States

The CAN standard defines a communication network that links all the nodes connected to a bus and
enables them to talk with one another. There may or may not be a central control node, and nodes may
be added at any time, even while the network is operating (hot-plugging).

The nodes in Figure 8 and Figure 9 could theoretically be sending messages from smart sensing
technology and a motor controller. An actual application may include a temperature sensor sending out a
temperature update that is used to adjust the motor speed of a fan. If a pressure sensor node wants to
send a message at the same time, arbitration ensures that the message is sent.

For example, Node A in Figure 8 and Figure 9 finishes sending its message (on the left side of Figure 8)
as nodes B and C acknowledge a correct message being received. Nodes B and C then begin
arbitration—node C wins the arbitration and sends its message. Nodes A and B acknowledge C's
message, and node B then continues on with its message. Again note the opposite polarity of the driver
input and output on the bus.

8 Introduction to the Controller Area Network (CAN) SLOA101A–August 2002–Revised July 2008
Submit Documentation Feedback

Sequence for 1 followed by 0

 To enable arbitration, CAN uses 3 levels, in which one symbol lets both conductors float to zero. The other 
symbol drives both conductors - one to the opposite polarity of the other. This also has  constant power 
envelope. The higher rate of CAN utilises synchronous transmission.
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or Explain what is meant  by the RDM Unique ID (UID) and how an RDM controller may use this to identify 
the set of fixtures connected to the RDM bus.

Device can be addressed irrespective of DMX address using their RDM UID

All RDM equipment needs to be identified:
Manufacturers assign a unique 6 byte UID 
 FFFF: FFFF FFFF (Broadcast)
 2B  Manufacturer ID + 4B Serial Number (Flat address)
 2B  Manufacturer ID: FFFF FFFF (All manufacturer systems)

To discover the devices connected to the bus, the master needs to know the UID of each 
receiver - it can the interrogate the devices to discover their attributes.

The master discovers UID of each device on network using an algorithm

It starts  by broadcasting a DISC_UNMUTE FFFF: FFFF FFFF  message.
- This tells all muted devices to listen, clear the list of responders.

The RDM controller then  discovers devices by polling groups of UIDs,
DISC_UNIQUE_BRANCH [0000: 0000 0000 - FFFF: FFFF FFFF]
- It starts by asking all devices to respond:

If there is no response? ... then there are no responders. If the unique branch  range covers 
the entire range, then the process concludes.

If there is just one response ... we’ve found the only responder (add to list).  This UID is 
recorded and the device then muted.  Before muting, the controller may collect data from the 
device to discover attributes and the profile being used.. The controller then extends the 
addressed range to find if there were any devices in the other half of the bisected tree - i.e. it 
changes the unique branch range, repeating the algorithm.

If there is a collision ... there is more than one responder within the range being addressed. 
the range is then bisected (forming an address tree, see below) and the process repeated, 
until either there are no responders or just one responder. An example branch message is:
DISC_UNIQUE_BRANCH [0000: 0000 0000 - 7FFF: FFFF FFFF]

RDM DEVICE DISCOVERY
STEP 3 - THE CONTROLLER GOES DOWN THE 
BRANCES OF THE TREE TO FIND THE 
INDIVIDUAL DEVICES

As the controller finds the RDM devices, it mutes them.
When the controller can no longer find devices to turn off, 
discovery is complete.

RDM DEVICE DISCOVERY
STEP 3 - THE CONTROLLER GOES DOWN THE 
BRANCES OF THE TREE TO FIND THE 
INDIVIDUAL DEVICES

As the controller finds the RDM devices, it mutes them.
When the controller can no longer find devices to turn off, 
discovery is complete.

RDM DEVICE DISCOVERY
STEP 3 - THE CONTROLLER GOES DOWN THE 
BRANCES OF THE TREE TO FIND THE 
INDIVIDUAL DEVICES

As the controller finds the RDM devices, it mutes them.
When the controller can no longer find devices to turn off, 
discovery is complete.

FIGURE: RDM Discovery Tree - to find first  one device, then mute, and find the second 
device, which when discovered is also muted - this is repeated until all devices are found.
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