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Chapter 1 
 

1. Explain the following acronyms: IC, I/O, ALU, CPU. 

IC = Integrated Circuit. An electronic circuit contained on a single slice of semiconductor, contained 
in a packaging and with pins which allow connection between internal and external circuit. 

I/O = Input/Output. In the microcontroller context this generally refers to those connections and 
devices which allow a flow of data in and out of the microcontroller. 

ALU = Arithmetic Logic Unit. This is the circuit within a computer which performs the actual 
computing function, generally very simple arithmetic and logical operations. 

CPU = Central Processing Unit. This contains the ALU, but adds to it control and other elements 
which allow the ALU to operate in the context of the computer. 

 

2. Define an embedded system in less than 100 words. 

An embedded system is an engineering product whose primary function is not computational, but 
which is controlled by a computer contained within it. The presence of the computer is usually 
completely hidden from the user.  

 

3. What are the differences between a microprocessor and a microcontroller? 

A microprocessor contains the essential elements of a computer, generally on a single IC. A 
microcontroller contains the elements of a microprocessor, but adds those extra components, like 
digital input/output, serial ports, A to D converter, which allow the microprocessor to adapt easily to a 
control function. 

 

4. What range of numbers can be represented by a 16-bit ALU? 

In unsigned binary, the range is 0 to (2
16

 - 1), or 0 to 65535. 

  

5. What is a ‘bus’ in the context of embedded systems and describe two types of busses that 
might be found in an embedded system? 

A bus is a set of wires or other interconnections (e.g. tracks on a printed circuit board) which are 
dedicated to provide a general-purpose data interchange between a set of sub-systems in a 
computer-based system. The main examples are the data bus and the address bus. As their names 
suggest, the data bus provides the means whereby data can be moved to or from different parts of 
the system. Alongside, the address bus can select which memory location the data is to be moved to 
or from. 

 

6. Describe the term ‘instruction set’ and explain how use of the instruction set differs for high 
and low level programming. 

The instruction set is the set of digital codes which are fed to the ALU, which cause it to undertake 
the different arithmetic and logical operations for which it is designed. Whatever the means of 
developing the software, the programme actually stored in memory is made up of instructions from 
the instruction set, and associated data. In low level programming, notably Assembler, the 
programmer is making direct use of instructions from the instruction set, invoking them through the 
Assembler mnemonics. When using high level languages, the instructions are invoked through the 
interpreter or compiler, and the programmer can be more or less unaware of their existence. 

 

7. What are the main steps in the embedded program development cycle? 

In simple form these are represented in the diagram of Figure 1.5. In more advanced software 
development, a number of extra processes are introduced. 
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8. Explain the terms RISC and CISC and give advantages and disadvantages for each. 

In summary these are contained in Section 1.4.2. Some further detail can be found in Ref. 1.1. 

 

9. What is pipelining?   

This is a process designed into a CPU whereby while one instruction is being executed, the next is 
already being fetched from memory.  

 

10. What did the acronym and company name ARM stand for? 

This originally stood for Advanced RISC Machines. 

 
  



Fast and Effective - Quiz Answers  Page 4 

Chapter 2 
 

1. What do ADC, DAC and SRAM stand for? 

Analog to Digital Converter, Digital to Analog Converter and Static RAM (Random Access Memory).  
 

2. What do UART, CAN, I
2
C and SPI stand for, and what do these mbed features have in 

common? 

Universal Asynchronous Receiver/Transmitter, Controller Area Network, Inter-integrated circuit, Serial 
Peripheral Interface. They are all serial protocols.   

 

3. How many digital inputs are available on the mbed? 

Pins 5-30, i.e. 26 

 

4. Which mbed pins can be used for analog input and output? 

Pins 15-20 for analog input, pin 18 only for analog output. 

 

5. How many microcontrollers are on the mbed PCB and what specifically are they? 

Two; one for interfacing, and the main LPC1768. 

 

6. What is unique about the mbed compiler software? 

It uses a standard ARM compiler, but is made unique by the mbed API (Application Programming 
Interface), written explicitly for the mbed (see Section 2.3.1). 

 

7. An mbed is part of a circuit which is to be powered from a 9 V battery. After programming 
the mbed is disconnected from the USB.  One part of the circuit external to the mbed needs 
to be supplied from 9 V, and another part from 3.3 V. No other battery or power supply is to 
be used.  Draw a diagram which shows how these power connections should be made.  
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8. An mbed is connected to a system, and needs to connect three analog inputs, one SPI 
connection, one analog output, and two PWM outputs. Draw a sketch showing how these 
connections can be made, and indicating mbed pin number. 

 

 

 
 

9. A friend enters the code shown below into the mbed compiler, but when compiling a number 
of errors are flagged. Find and correct the faults. 

#include "mbed" 

Digital Out myled(LED1); 

int man() { 

    white(1) { 

        myled = 1; 

        wait(0.2) 

        myled = 0; 

        watt(0.2); 

    } 

 

Refer to correct version, appearing as Program Example 2.1. Comments don’t need to be 
reinsterted. 

  

10. By not connecting all the LPC1768 microcontroller pins to the mbed external pins, a number 
of microcontroller peripherals are “lost” for use. Identify what these are, for ADC, UART, 
CAN, I

2
C, SPI and DAC. 

 
By looking at Figures 2.1 and 2.3 the Table below can be compiled. 
 

 LPC1768 mbed “lost”  

ADC 8 channels 6 2 channels 

UART 4 3  1* 

CAN 2 1 1* 

I
2
C 3 2 1 

SPI 3 2 1 

DAC 1 1 0 

 
 

*Note that one UART is linked back through the USB connection to the host computer (see Figure 
2.2). Also the mbed has a 2

nd
 CAN port, not shown in Fig 2.1, on pins 9 and 10 (which makes these 

pins pretty busy, as they also carry I2C and “Serial”). 
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Chapter 3 

 

1. Complete Table 3.6, converting between the different number types. The first row of numbers 
is an example. 

Binary Hexadecimal Decimal 

0101 1110 5E 94 

1101   

 77  

  129 

 6F2  

1101 1100 1001   

  4096 

Table 3.6 

 

Binary Hexadecimal Decimal 

0101 1110 5E 94 

1101 D 13 

0111 0111 77 119 

1000 0001 81 129 

0110 1111 0010 6F2 1778 

1101 1100 1001 DC9 3529 

 1 0000 0000 0000 1000 4096 

 

 

2. Is it possible to display unambiguously all of the capitalised alphabet characters A, B, C, D, 
E and F on the seven-segment display shown in Figure 3.9? For those that can usefully be 
displayed, determine the segment drive values. Give your answers in both binary and 
hexadecimal formats. 

These can be displayed, but B (confused with 8) and D (confused with O) cannot be displayed in 
capital form. These are available: A, b, C, d, E, F.  

To determine the segment drive values, let’s use the connections indicated at the top of page 46, i.e.  

(MSB) DP g f e  d c b a (LSB) 

This leads to: 

 

Char. Binary code Hex code 

A 0011  0111 37 

b 0111 1100 7C 

C 0011 1001 39 

d 0101 1110 5E 

E 0111 1001 79 

F 0111 0001 71 
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3. A loop in an mbed program is untidily coded as follows. 

        While (1) 

  {redled = 0;                        

        wait_ms(12); 

  greenled = 1;                      

        wait(0.002); 

        greenled = 0; 

        wait_us(24000); 

  }   

What is the total period of the loop, expressed in seconds, milliseconds, and microseconds? 

The period is 12 ms + 0.002 s + 24000 us = (12 + 2 + 24) ms = 38 ms, 0.038 s, 38000 us.  

This neglects the very small amount of time spent executing the other instructions in the loop. 

 

4. The circuit of Figure 3.5b) is used 8 times over to connect 8 switches to 8 mbed digital 

inputs. The pull-up resistors have a value of 10 k, and are connected to the mbed supply of 
3.3 V. What current is consumed due to this circuit configuration when all switches are 
closed simultaneously? If this current drain must be limited to 0.5 mA, what value must the 
pull-up resistors be increased to? Reflect on the possible impact of pull-up resistors in low-
power circuits. 

 

Fig. 3.5.b) 

When any switch is closed, it causes a current drain of (3.3/10k) = 0.33 mA 

With all switches closed simultaneously there is a current drain of 8 x 0.33 mA = 2.64 mA.  

If only 0.5 mA is acceptable, then each switch can only draw (0.5/8) mA = 0.0625 mA 

Then new pull-up resistor has minimum value of (3.3/0.0625)k = 52.8 k 

Generally the use of pull-up/down resistors is at odds with the needs of low power consumption, 
Their use should be limited where possible in such situations.  

  

5. What is the current taken by the display connected in Figure 3.10, when the digit 3 is 
showing?  

Equation 3.1 already shows a value of 15 mA per segment. For the digit 3, five segments are 
illuminated, leading to a total current of (5 x 15) mA = 75 mA.  
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6. If in Figure 3.10 a segment current of approximately 4 mA was required, what value of 
resistor would need to be introduced in series with each segment? 

 
 

Fig. 3.10 

The output resistance is quoted as 100 ohms, and the forward voltage across an LED in conduction 
is 1.8 V (Section 3.5.4). Applying Equation 3.1, if R is the series resistance,  

then 4 mA = (3.3 – 1.8)/(R + 100) 

4 mA x (R + 100) = (3.3 – 1.8) 

R = (1.5/0.004) - 100 

R = 275 ohms 

 

7. A student builds an mbed-based system. To one port he connects the circuit of Figure 
3.15a), using LEDs of the type used in Figure 3.4, but is then disappointed that the LEDs do 
not appear to light when expected. Explain why this is so, and suggest a way of changing 
the circuit to give the required behaviour. 

                                 

a)    b) 

Figure 3.15 

 

The two LEDs in series will require a voltage of around 3.6 V to switch them on. However the power 
supply is 3.3 V. The LEDs are likely to glow slightly when switched on, but not give an adequate 
light.  

The LED combination could be supplied from the 5V USB supply (pin 39, if USB remains 
connected), a 6 V battery pack, OR the two LEDs could each be driven from a separate port pin. 

 

 

 

3.3V

mbed port output

3.3V

mbed port output
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8. Another student wants to control a DC motor from the mbed, and therefore builds the circuit 
of Figure 3.13b), where VS is a DC supply of appropriate value. As a further indication that 
the motor is running, she connects a standard LED, as seen in Figure 3.3, directly to the port 
bit. She then complains of unreliable circuit behaviour. Explain any necessary changes that 
should be made to the circuit.  

There is no free-wheeling diode connected across the motor, so the MOSFET is likely to blow. A 
diode, as seen in Figure 3.12, should be included. If the LED is a stand-alone device, then it will start 
conducting at around 1.8 V (Fig. 3.3a)), and will clamp the port output to this voltage. Therefore the 
MOSFET will never be able to turn on, i.e. VGS(th) is never exceeded, Table 3.5. A series resistor 
should be included with this LED. This will still however draw current from the port output bit, and 
lower its voltage. The LED - resistor combination could instead be put in parallel with the motor. 

 

9. Look at the mbed circuit diagram, Reference 2.2, and find the four on-board LEDs. Estimate 
the current each one takes when “on”, assuming a forward voltage of 1.8 V.  

The circuit diagram shows 220R in series with each LED. A simple calculation assumes no port pin 
output resistance: 
 
I = (3.3 – 1.8)/220 = 6.8 mA 
 
Slightly better calculation adopts notional 100R output resistance: 
 
I = (3.3 – 1.8)/(220 + 100) = 4.7 mA 
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Chapter 4 
 

1. A 7 bit DAC obeys Equation 4.1, and has a voltage reference of 2.56 V.  

  a) What is its resolution? 

   4.1 

  Resolution is 2.56/2
7
 = 20 mV. 

 

  b) What is its output if the input is 100 0101? 

  100 0101 = 69D . Therefore Vo = 2.56 x 69/128 = 1.38 V 

 

  c) What is its output if the input is 0x2A? 

  0x2A = 42D . Therefore Vo = 2.56 x 42/128 = 0.84 V 

 

  d) What is its digital input in decimal and binary if its output reads 0.48 V? 

  D = 0.48 x 128/2.56 = 24D = 001 1000 

 

2. What is the mbed’s DAC resolution and what is the smallest analog voltage step increase or 
decrease which can be output from the mbed? 

This is deduced at the end of Section 4.1.1. The resolution, and hence the smallest step increase 
or decrease, is shown to be 3.22 mV. 

 

3. What is the output of the LPC1768 DAC, if its input digital word is  

 a) 00 0000 1000, b) 0x80, c) 10 1000 1000 ? 

 Now n = 10, 2
n
 = 1024, Vr = 3.3 V. 

a) Vo = 3.3 x 8/1024 = 25.78 mV 

b) 0x80 = 128D, hence: 

Vo = 3.3 x 128/1024 = 412.50 mV 

c) 10 1000 1000 = 512 + 128 + 8 = 648, hence: 

Vo = 3.3 x 648/1024 = 2.08820 V 

 

4.  What output voltages will be read on a DVM while this program loop runs on the mbed?  

    while(1) { 

    for (i=0;i<1;i=i+0.2){ 

      Aout=i;            

      wait(0.1);  

      }   

     }     

 i will take the values 0, 0.2, 0.4, 0.6, 0.8 

 Hence output values will be 0, 0.2 x 3.3 = 0.66 V, 1.32 V, 1.98 V, 2.64 V 
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5. The waveform in Question 5 gives a crude sawtooth. What is its period? 

 Five values are output, each with a wait of 0.1 s. Hence period is 0.5 s.  

 

6. What are the advantages of using pulse width modulation (PWM) for control of analog 
actuators? 

PWM represents a simple and efficient way of converting a digital value, expressed as a pulse 
stream, into an analog votage. It’s simple because it’s easy to convert a digital number into an 
equivalent pulse stream, and then use this to control a switching device. It’s efficient because the 
switching element is either on or off, so there is very little heat loss, unlike the case if a DAC plus 
conventional power amplifier was used to drive the actuator. 

 

7. A PWM data stream has a frequency of 4 kHz, and duty cycle of 25%. What is its pulse 
width? 

 Period is 250 us, pulse width is therefore 0.25 x 250 us = 62.5 us. 

 

8. A PWM data stream has period of 20 ms, and on time of 1ms. What is its duty cycle? 

 1/20 = 5%. 

 

9. The PWM on an mbed is set up with these statements. What is the on time of the waveform? 

    PWM1.period(0.004); // set PWM period  

    PWM1=0.75;           // set duty cycle  

The period is 4 ms, and duty cycle 75%. Hence the on-time is 0.75 x 4 = 3 ms. 
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Chapter 5 
 

1. Give three types of analog signal which might be sampled through an ADC.  

The range is very wide. Possibilities include: audio (music, phone etc), medical, climatic 
(temperature, airspeed, light intensity).  

 

2. An ideal 8-bit ADC has an input range of 5.12 V. What is its resolution, and greatest 
quantisation error? 

 Resolution = 5.12/2
8
 = 20 mV. Quantisation error is half this, at 10 mV. 

 

3. Give an example of how a single ADC can be used to sample four different analog signals. 

A 4-input multiplexer is placed before the ADC. Inputs are selected in turn, and the input value for 
each signal is digitised. 

 

4. An ideal 10-bit ADC has a reference voltage of 2.048 V, and behaves according to Equation 
5.1. For a particular input its output reads 10 1110 0001. What is the input voltage? 

   10 1110 0001 = 737D 

  
  
  
      

    
    

     

 

         

      
     

Hence  Vi = 1.474 V 

 

5. What will be the result if an mbed is required to sample an analog input value of 4.2 V? 

 The ADC output saturates at its maximum value. Its direct digital output will be 1111 1111 1111.  

 

6. An ultrasound signal of 40 kHz is to be digitised. Recommend the minimum sampling 
frequency. 

 Applying Nyquist’s Sampling Criterion the sampling frequency should be greater than 80 kHz. 

 

7. The conversion time of an ADC is found to be 7.5 us. The ADC is set to convert repeatedly, 
with no other programming requirements. What is the maximum frequency signal it can 
digitise?  

This implies a sampling rate of (1/7.5) MHz = 133 kHz. Signal frequency should be less than half 
this, i.e. less than 66.7 kHz. 

 

8. The ADC in Question 7 is now used with a multiplexer, so that 4 inputs are repeatedly 
digitised in turn. A further time of 2500 ns per sample is required, to save the data and 
switch the input.  What is the maximum frequency signal that can now be digitised? 

One sample is completed every (7.5 + 2.5) us, so each signal is sampled every 4(7.5 + 2.5) us = 40 
us. The sampling frequency experienced by each input is therefore 25 kHz. The maximum signal 
frequency for any input is hence 12.5 kHz. 

 

9. An LM35 temperature sensor is connected to an mbed ADC input, and senses a temperature 
of 30

o
C. What is the binary output of the ADC? 
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 Output of LM35 is 30 x 10mV = 300 mV. 

 Applying 

  
  
  
      

  
   

   
       

D = 372D = 0001 0111 0100B 

 

10. What will be the value of integer x for 1.5 V and 2.5 V signals sampled on the mbed using the 
following program code? 

#include “mbed.h” 

AnalogueIn Ain(p20); 

int main(){ 

  int x=Ain.read_u16(); 

} 

 
In this case 

 

  
  

  
            

 

  
   

   
              

 
D = 1861 

 

  
   

   
          

 
D = 3103 
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Chapter 6 
 

1. List the advantages of using functions in a C program. 

 A function is written once and compiled into one area of memory, irrespective of the number of 
times that it is called from the main program, so program memory is reduced. 

 Functions, therefore, are particularly useful for coding mathematical algorithms, look-up tables 
and data conversions. 

 Functions allow clean and manageable code to be designed, allowing software to be well 
structured and readable at a number of levels of abstraction. 

 The use of functions also enables the practice of modular coding, where teams of software 
engineers are often required to develop large and advanced applications. Writing code with 
functions therefore allows one engineer to develop a particular software feature, while another 
engineer may take responsibility for  something else.  

 

2. What are the limitations associated with using functions in a C program? 

 There is a small execution time overhead in storing programme position data and jumping and 
returning from the function, but this should only be an issue for consideration in the most time 
critical systems. 

 It is possible to ‘nest’ functions within functions, which can sometimes make software challenging 
to follow. 

 A limitation of C functions is that only a single value can be returned from the function, and arrays 
of data cannot be passed to or from a function (only single value variables can be used). 

 Working with functions and modular techniques therefore requires a considered software 
structure to be designed and evaluated before programming is started. 

 

3. What is pseudocode and how is it useful at the software design stage? 

 Pseudocode consists of short, English phrases used to explain specific tasks within a program.  

 Pseudocode should be written as a list of consecutive phrases, we can even draw arrows to show 
looping processes. Indentation can be used to show the logical program flow in pseudocode also. 

 Writing pseudocode saves time later during the coding and testing stage of a program's 
development and also helps communication between designers, coders and project managers.  

 

4. What is a function “prototype” and where can it be found in a C program? 

 The function prototype declares the function at the start of a program. 

 It can either be found just before the main() program loop or in a relevant header file 

 

5. How much data can be input to and output from a function?  

 Any number of data values can be input to a function, of all data types – int, char, float, Boolean 
etc. 

 Only a single data value can be returned from a function 

 Arrays of data cannot be passed to or returned from C/C++ functions 
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6. What is the purpose of the pre-processor in the C program compilation process? 

 The pre-processor looks at a particular source file and implements any pre-processor directives 
and associated header files. 

 It essentially identifies and groups all the source files ready for compilation, and verifies that 
variables are declared correctly and only once each. 

 

7. At what stage in the program compilation process are predefined library files implemented? 

 Library files are drawn into the compilation process at the linking stage. 

 

8. When would it be necessary to use the extern storage class specifier in an mbed C program? 

 The extern storage class indicates that a variable or object has previously been defined in 
another .cpp or .h file, so it does not need redefining again. 

 

9. Why is the #ifndef pre-processor directive commonly used in modular program header files? 

 This is used to allow header files to be pre-processed only once. 

 The same header file might be called by a number of source files, but should only be compiled 
once. 

 The ifndef directive allows a variable to be defined and by analysing whether the variable already 
exists or not, it can be ensured that the header data is only processed once during compilation 

 

. 
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Chapter 7 
 

1. What do the abbreviations SPI, I
2
C and UART stand for? 

 Serial Peripheral Interface, Inter-Integrated Circuit, Universal Asynchronous Receiver/Transmitter 

 

2. Draw up a table comparing the advantages and disadvantages of using SPI versus I
2
C for 

serial communications.  

 

SPI I2C 

Very simple, hence cheap with small silicon 
footprint 

Of moderate complexity, hence potentially a 
slighty more expensive solution, with larger 
silicon footprint 

Does not address. In a multi-node system, each 
slave needs a Slave Select line, or a “daisy 
chain” approach must be adopted.   

Slave address is included in the message. 

Addition of further slaves requires hardware 
adjustment, e.g. addition of more Slave Select 
lines. 

New slaves (or Masters) can be readily added. 

Single master only. Multi master is possible, with an arbitration 
mechanism if more than one Master attempt 
bus access simultaneously. 

No acknowledgement from slaves. Acknowledgement included in message 
structure. 

A complex system may have numerous 
interconnect wires (SDA + SCL + a SS for each 
Slave) 

Only ever two wires of interconnect.  

Somewhat quicker that I2C, as no timing 
overhead in addressing. 

 

 Defined start and stop conditions given 
enhanced messaging security.  

 

3. What are the limitations for the number of devices which can be connected to a single SPI, 
I
2
C or UART bus? 

For SPI, limitation is determined by the number of Slave Slect lines which can be provided. 
Otherwise a “daisy chain” link can be set up, but this becomes less practical for a large number of 
nodes. 

For I2C, the limitation is the number of independent addresses that can be set up. For 7-bit 
adressing, this is 128. In reality it may be difficult to exploit all these. 

Many UART links are traditionally one-to-one. However diasy chain links are possible.   

 

4. A SPI link is running with a 500 kHz clock. How long does it take for a single message 
containing one data byte to be transmitted? 

 Period if 500 kHz is 2us. One byte takes 8 cycles of this, i.e. 16 us in total. 
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5. An mbed configured as SPI Master is to be connected to 3 other mbeds, each configured as 
Slave. Sketch a circuit which shows how this interconnection could be made. Explain your 
sketch. 

 

 

Either of the SPI ports (i.e. pins 5,6,7 or 11,12,13) can be chosen for each mbed node. SSEL is then defined 
within the SPI declaration for Slaves, and simply as three DigitalOut port bits for the Master. 

 

6. An mbed is to be set up as SPI Master, using pins 11, 12, and 13, running at a frequency of 4 
MHz, with 12-bit word length. The clock should idle at Logic 1, and data should be latched on 
its negative edge. Write the necessary code to set this up.  

 Clocking information implies mode 2. Hence relevant lines: 

#include "mbed.h" 

 

SPI ser_port(p11, p12, p13); // mosi, miso, sclk 

char switch_word ;           //word we will send 

 

int main() { 

    ser_port.format(12,2);        // Setup the SPI for 8 bit data, Mode 3 

operation 

    ser_port.frequency(4000000); // Clock frequency is 1MHz 

. . .     

 

7. Repeat Question 4, but for I
2
C, ensuring that you calculate time for the complete message. 

Now timing is as Figure 7.8c). Hence there are 16 data/address bits, 2 ack bits, and start and stop 
conditions. Assume these are each of same duration as one data bit. Then duration is 20 x 2 us = 
40 us.  

 

8. Repeat Question 5, but for I
2
C. Identify carefully the advantages and disadvantages of each 

connection.  

Answer is effectively Figure 7.7. Each node is an mbed, selecting either of the two mbed ports. 
Pull-up resistors in the range 2.2k to 4.7k will be fine (value could be optimised, but the chapter 
doesn’t give us the means to do this, and the question doesn’t give the info about stray capacitance 
which would be needed). Any node can of course be Master, with no wiring change.  

  



Fast and Effective - Quiz Answers  Page 18 

9. You need to set up a serial network, which will have one Master and four Slaves. Either SPI 
or I

2
C can be used. Every second, data has to be distributed, such that one byte is sent to 

Slave 1, four to Slave 2, three to Slave 3, and four to Slave 4. If the complete data transfer 
must take not more than 200 us, estimate the minimum clock frequency which is allowable 
for SPI and I

2
C. Assume there are no other timing overheads. 

The time durations for each message, in terms of clock period T, are estimated in the Table. I2C in 
general takes a fixed 11 cycles more per message than SPI (i.e. start + address + ack +stop; see 
Q7, although this estimates time needed for start/stop conditions, and assumes instant 
acknowledgement), plus 1 ack per byte sent. 

 SPI I2C 

Slave 1 message 
(one byte) 

8T 11+8+1 = 20T 

Slave 2 message 
(four bytes) 

32T 11+36 = 47T 

Slave 3 message 
(three bytes) 

24T 11+27 = 38T 

Slave 4 message 
(four bytes) 

32T 11+36 = 47T 

Total 96T 152T 

 

If time duration for total communication is 200 us, then SPI needs a clock prd at most  

   96T < 200 

   T < 2.08 us. fc > 480 kHz 

 I2C needs a clock prd at most  

   152T < 200 

   T < 1.315 us. fc > 760 kHz 

 

10. Repeat Question 4, but for asynchronous communication through a UART, assuming a baud 
rate of 500 kHz. Ensure that you calculate time for the complete message. 

Start and stop framing bits are needed, each notionally of one bit duration (this is correct for Start 
bit, but may not need to be for Stop bit). Hence message requires 10 bit periods, giving total of 20 
us.  

 

 

 

 

Chapter 8 

 

Answers to follow 
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Chapter 9 
 

1. Explain the differences between using polling and event driven techniques for testing the 
state of one of the digital input pins on a microcontroller. 

Using polling implies that the input is repeatedly tested. This ties up programming resource even 
when there is no input action, and yet (depending on loop repetition rate) may not give a rapid 
response when there is a change. 

Using an event-driven response (i.e. an interrupt) means that response is rapid when a change 
takes place, and relevant code is only invoked when it is needed. 

 

2. List the most significant actions that a CPU takes when it responds to an enabled interrupt. 

Completes current instruction 
Saves context on Stack 
Finds address (“vector”) of ISR 
Loads Vector into Program Counter 
Continues program execution. 
 

3. Explain the following terms with respect to interrupts: 

a. Priority 

b. Latency 

c. Nesting 

These are explained half way down page 176. 

 

4. A comparator circuit and LM35 are to be used to create an interrupt source, using the circuit 
of Figure 9.5. The comparator is supplied from 5.0 V, and the temperature threshold is to be 
approximately 38 

o
C. Suggest values for R1 and R2. Resistor values of 470, 680, 820, 1k, 1k2, 

1k5 and 10k are available. 

Noting sensor output of 10mV/
o
C, threshold voltage will be 0.38 V. 

Then V- = Vsup R2/(R1 + R2) 

0.38 = 5 R2/(R1 + R2) 

R2/(R1 + R2) = 0.076 

R1 = 12.16R2 

R1 = 10k, R2 = 820R meet this requirement, leading to a threshold of 0.378V 

 

 

5. Describe in overview how a timer circuit can be implemented in hardware as part of a 
microprocessor’s architecture.   

The timer would take the form of Fig. 9.6, and this would be embedded as a peripheral within the microcontroller 
architecture. The counter would act as a memory location and be addressable, so that it could be preloaded or 
read. 

 

 

6. What is the maximum value, in decimal, that a 12-bit and a 24-bit counter can count up to?  

4095, 16777215 
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7. A 4.0 MHz clock signal is connected to the inputs of a 12-bit and a 16-bit counter. Each starts 
counting from zero. How long does it take before each reaches its maximum value? 

Clock period is 250 ns. 

For 12 bit, max value is reached in 4095 x 0.25 us = 1.02375 ms 

For 16 bit, max value is reached in 65535 x 0.25 us = 16.384 ms 

 

8. A 10-bit counter, clocked with an input frequency of 512 kHz, runs continuously. Every time 
it overflows, it generates an interrupt. What is the frequency of that interrupt stream? 

Clock period is 1.953 us. Counter will overflow every 1024 cycles.  

Period of interrupt stream is therefore 1024 x 1.953 = 2 ms. Hence frequency is 500 Hz.  

 

9. What is the purpose of the mbed’s Real Time Clock? Give an example of when it might be 
used. 

First part is answered in book Section 9.9. It might be used to date stamp logged data, e.g. if the 
mbed was used within a climatic data logger. 

 

10. Describe the issue of switch bounce and explain how timers can be used to overcome 
this. 

Fully answered in book Section 9.10. 
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Chapter 10 
 

1. What does the term bistable mean? 

A bistable is a system that is stable in only two states. For example a coin which can only read 
heads or tails, but equally a flip-flop circuit or a memory element which can only read 1 or 0. 

 

2. How many bistables would you expect to find in the mbed’s SRAM? 

The mbed spec states that it has 64 KB of SRAM, i.e. 65 536 bytes. 

Hence the number of bits, each contained by one bistable, is 65536 x 8 = 524 288. 

 

3. What are the fundamental differences between SRAM and DRAM type memory? 

Static Random Access Memory (SRAM) consists of a vast array of memory cells based on a flip-
flop circuit, containing 4 or 6 transistors per bistable. Dynamic Random Access Memory (DRAM) is 
intended to do the same thing as SRAM with a reduced silicon area. Instead of using a number of 
transistors, one bit of information is stored in a tiny capacitor, like a small rechargeable battery, with 
a single transistor used to select it.  

. 

4. What are the fundamental differences between EEPROM and Flash type memory? 

With Electrically Erasable and Programmable Read Only Memory (EEPROM), words of data are 
individually writeable, readable and erasable, and are non-volatile. The down side of this 
functionality is that more transistors are needed to select each word. 

 A revised internal memory structure led to Flash memory; in this, the ability to erase individual 
words is not available. Whole blocks have to be erased at any one time, “in a flash”. This 
compromise leads to a huge advantage: Flash memory is very high density indeed, more or less 
the highest we can get and very low cost. 

 

5. What C/C++ command would open a text file for adding additional text to the end of the 
current file. 

For example  

FILE* File1 = fopen("/local/datafile.txt","a"); 

 

6. What C/C++ commands should be used to open a text file called “data.txt” and read the 12
th

 
character. 

FILE* File1 = fopen("/local/data.txt","w"); 

fseek (File1 , 12 , SEEK_SET );  

char read_var = fgetc(File1); 

 

7. Give a practical example where data logging is required and explaining the practical 
requirements with regards to timing, memory type and size. 

For example: 

Data logging is required for monitoring sensor data regularly, where non-real time analysis may be 
employed. For example, a week’s worth of temperature data might be gathered at 1 second 
intervals and be analysed later on. There are requirement that the timing is accurate, so that 
analysis is accurate. Equally memory storage capabilities must be considered to determine the 
maximum number of data recordings which can be stored. In the case of the mbed it might be 
necessary to use high capacity external data storage in the form of an SD card. For more rapid 
data analysis, such as audio or video capture at thousands of data recordings per second, there 
may be considerable constraints on time and storage capacity. 
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8. Give one reason why pointers are used for direct manipulation of memory data.  

Pointers are use in C/C++ to directly address data stored in memory. This is essential when using 
large arrays of data which must be accessed via functions and repeated procedures. It is not 
possible to pass an array of data into a C/C++ function, so a pointer to the data array must be used 
instead. 

 

9. Give the C/C++ code that defines an empty 5 element array called dataarray and a pointer 
called datapointer which is assigned to the first memory address of the data array. 

 

int dataarray[]={3,4,6,2,8};          // define an array of 5 

arbitrary values 

int *datapointer;                     // define a pointer 

datapointer = &dataarray[0];          // assign pointer to the 

address of   

                                      // the first element of the 

data array  

 

10. How is a pointer used to access and manipulate the different elements of a data array? 

 

We can address different elements of a data array by using the pointer and an offset to the desired 
array element. For example. 

If ptr points to the first element of dataarray, then  

*(ptr+1) 

will give the value of the 2
nd

 array element and   

*(ptr+2) 

will give the value of the third array element. The 5
th
 value of dataarray can be set to the value 7, 

for example, with the following statement 

*(ptr+4)=7; 
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Chapter 11 
 

1. What does the term MAC refer to and why is this important for DSP systems? 

Multiply-and-add (sometimes also called multiply-and-accumulate) operations are commonly 
used in signal processing algorithms. Digital filtering and frequency analysis with the Fourier 
transform require many numbers to be multiplied and added together, so MAC operations are 
very common in DSP software. 

 

2. What differentiates a DSP microprocessor from a microcontroller? 

A digital signal processor, also informally called a DSP chip, is a special type of microprocessor 
used for DSP applications. A DSP chip provides specific internal hardware and associated 
instructions to make MAC operations rapid and easier to code in software. 

 

3. What is the difference between an FIR and an IIR digital filter? 

A Finite Impulse Response (FIR) filter uses a fixed number of data values in calculating the 
filtered output. For example the filtered output may be affected by the last 64 data values. 

An Infinite Impulse Response (IIR) filter additionally uses the recursive data output as an input to 
the system – i.e via feedback. So the entire history of the data is used in some way to calculate 
the filter output.  

 

4. What are digital filter coefficients and how can they be acquired for a specific digital filter 
design? 

The filter coefficients define the weightings of each of the historical data values which are used 
within the filter. These can be calculated for a specified filter design given the data sample 
frequency, the cut-off filter frequency and the order of the filter. A number of design packages 
exist (such as the Matlab filter design toolbox) for calculating filter coefficients. 

 

5. Explain the role of analog biasing and anti-aliasing when performing an analog-to-digital 
conversion. 

An analog to digital convertor will usually convert an analog voltage with a specified range and 
midpoint. For example 0V-5V might represent the digital range for an 8-bit ADC, where 0V=0 
digital and 5V = 255 in digital. However, many analog sensors, such as accelerometers, acquire a 
voltage signal which can read a positive or negative value. In this instance we need to offset (or 
bias) the sensor data so that it has a midpoint at 2.5V. 

We also need to filter the data to avoid aliasing owing to the Nyquist criterion. Essentially we 
should employ an analog low pass filter with a cutoff frequency at 2 times the highest frequency 
of interest in order to remove any potential aliasing issues.      

  

6. What is a reconstruction filter and where would this be found in a DSP system? 

When the DAC converts a digital value to analog, it can only do this to discrete, quantised, steps 
relative to the resolution of the DAC. In order to smooth the filter and accurately reconstruct the 
original analog data, we must use an analog low pass filter straight after the DAC, known as a 
reconstruction filter. The cutoff for the reconstruction filter should be 2 times the highest 
frequency of interest in the signal data (i.e. the same as the anti-aliasing filter). 

 

7. What is a circular buffer and why might it be used in DSP systems? 

A circular buffer allows data to be read in from a data file and also read out from it to a DAC. If the 
buffer can hold a number of data samples, then, as long as the DAC output timer is accurate, it 
doesn’t matter if the time for data being read and processed is somewhat variable. When the 
circular buffer write pointer reaches the last array element, it wraps around so that the next data 



Fast and Effective - Quiz Answers  Page 24 

is read into the first memory element of the buffer. There is a separate buffer read pointer for 
outputting data to the DAC, and this lags behind the write buffer. 

 

8. What are the potential effects of poor timing control in an audio DSP system? 

Poor timing control can lead firstly to inaccurate audio playback, with samples not being played at 
exactly the correct time. This is referred to as jitter. In the case of real-time processing it is 
important that all algorithm functions complete within the timing loop, i.e. before the next sample 
arrives. Furthermore if inaccurate timing is encountered, then any processing algorithms, such as 
digital filtering or FFT processing, will generate errors and erroneous frequency spectrum 
artefacts owing to inaccurate timing. 

 

9. A wave audio file has a 16-bit mono data value given by two consecutive bytes. What will be 
the correct corresponding voltage output, if this is output through the mbed’s DAC, for the 
following data? 

a) 0x35 0x04 

MSB=0x04 LSB=0x35  

0x0435 (twos complement) = 1077 

0 to 32767 = 1.65V to 3.3V on mbed 

Answer = 1.65*(1077/32767)+1.65 = 

1.70 V 

 

b) 0xFF 0x5F 

MSB=0x5F LSB=0xFF  

0x5FFF (twos complement) = 24575 

0 to 32767 = 1.65V to 3.3V on mbed 

Answer = 1.65*(24575/32767)+1.65 = 

2.89 V 

 

c) 0x00 0xE4 

MSB=0xE4 LSB=0x00  

0xE400 (twos complement) = -7168 

-32768 to 0 = 0V to 1.65V on mbed 

Answer = 1.65*(-7168/32767)+1.65 = 

1.29 V 

 

10. Give a block diagram design of a DSP process for mixing two 16-bit data streams. If the data 
output is also to be 16-bit, what consequences will this process have on the output data 
resolution and accuracy? 

The consequence is the risk of truncation. When two 16 bit numbers are added together, the 
result can require 17 bits for storage, so to maintain a 16 bit solution, we need to round the value 
by truncating. This means the LSB is discarded, leaving a small but potentially significant error. 
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Chapter 12 
 
 

1. What is the communication range of a Class 1 Bluetooth device? 

100 meters 

 

2. What does the term ‘MAC address’ refer to? 

Each device has a Media Access Control (MAC) address which communicating devices can 
recognise and initialise interaction if required. 

 

3. What does “MIDI” stand for, and how is this relevant to USB communications? 

Music Instrument Digital Interface. This is an interface which defines a musical note and on and 
off data, as well as velocity and a number of other parameters. Although the MIDI interface was 
originally developed as a hardware protocol, the protocol exists also in USB form allowing 
musical instrument devices to be connected directly to computers. 

 

4. What is the MIDI note value for C2 (fundamental frequency of 65.3 Hz)? 

36 

 

5. Describe the ‘Manchester’ digital communication format for Ethernet signals. 

The Manchester encoding method relies on the direction of the edge transition within the timing 
window. If the edge transition within the timing frame is high-to-low, the coded bit is a 0; if the 
transition is low-to-high then the bit is a 1. The Manchester protocol is very simple to implement 
in integrated circuit hardware and, as there is always a switch from 0 to 1 or 1 to 0 for every 
data value, the clock signal is effectively embedded within the data. Even when a stream of 
zeros (or ones for that matter) is being transmitted, the digital signal still shows transitions 
between high and low states. 

 

6. Sketch the following Ethernet data streams, as they would appear on an analog 
oscilloscope, labelling all points of interest. 

 

7. What are the minimum and maximum Ethernet data packet sizes, in bytes? 

The data packet can be between 46 and 1500 bytes. 

 

8. Draw a table listing the advantages and disadvantages of using USB or Ethernet for 
communicating between two mbeds.  

 Ethernet mbed-mbed USB mbed-mbed 

Initialisation Requires call to MAC address Plug and play 

Data rate Very fast Fast 

Clock Transmitted in data stream Baud rate needs defining 

Functionality Allows peer-to-peer network 
comms and file transfer 

Master-slave relationship for 
control 

 

 

9. What does the term RPC refer to? 

Remote procedure calls (RPC) define the process where an action on a device or computer is 
controlled from a remote location.  Essentially this means that, for example, RPC calls can be 
made from a network PC to switch the mbed’s LEDs on and off. 
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Chapter 13 
 

1. What are the main differences between an open loop and a closed loop control system? 

Open loop systems use an input setting to cause an actuator to move. Closed loop systems 
employ sensors which can monitor when a desired setpoint or action has been achieved. Therefore 
by using feedback of the actuator position or setting, it is possible to remove any error between the 
desired and actual result. 

 

2. What do the terms, setpoint, plant and negative feedback refer to in closed loop control? 

A setpoint is a desired position or setting for the system to achieve. I.e. the setpoint could be a 
temperature in an oven, or a speed setting in closed loop control, or a position setting for a servo or 
robotic system. 

The plant is the physical system which causes an open loop control to become inaccurate. For 
example a combustion engine is a physical plant which we may want to control the speed of, 
however we control throttle position with the electronics, so the engine itself has a major impact on 
the actual speed, and this can change depending on load, air temperature, type of fuel etc. 

Negative feedback is the use of sensor data to calculate the error between the desired and setpoint 
positions. We can therefore employ negative feedback in an automatic algorithm to reduce the 
error to as close as possible to zero, giving an accurately controlled system. 

 

3. Where and why might closed loop control be required in the design of a helicopter? 

Closed loop control is required in many places on a helicopter, not least to ensure that the system 
is always upright and stable. If an automatic stability system is in place then the pilot will not be 
able to steer the helicopter out of control, if for example it tilts too far in one direction, the internal 
control systems will adjust to ensure that it remains stable. There will also be control systems 
analysing every aspect of the helicopter, including rotor speed and within the gas turbine powering 
the system, enabling an efficient conversion of energy. 

 

4. What does “the step response” of a control system refer to? 

If suddenly the setpoint is changed, we see what is referred to as an immediate step change in the 
setpoint. Obviously it will take some time for system to adjust to the new setpoint, and the time 
taken for the step response is dependent on a number of factors. It will depend predominantly on 
the control algorithm, the physical response time of the mechanical system and the speed of the 
microprocessor software loop. A step response of a system can sometimes involve overshoot 
where the control parameters are not tuned correctly, Equally a system might have a very slow, 
overdamped step response which is also usually undesired. 

 

5. What benefits does CAN communication have over other serial protocols such as I
2
C and 

USB? 

CAN offers very high reliability which is essential in vehicles and safety critical systems. The serial 
standards developed for the benign environment of home or office, such as UART, SPI and I

2
C are 

completely inappropriate for environments with significant noise and electrical interference. 
Furthermore, the configuration is “peer-to-peer”, i.e. all nodes are viewed as equals, meaning each 
can be responsible for particular types of data or control, rather than having a single master 
system. There is, however, a mechanism for prioritisation. Master and slave designation is not 
used. 

 

6. Give five example electronic control units which might be found on a modern car.  

Engine management. Dashboard controller. Airbag system. ABS braking system. Electronic 
Differential. Active Suspension. Automatic Gearbox controller. 
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Chapter 14 
 
 

1. The initialisation section of a certain program reads: 

       FIO0DIR0=0xF0;    
       PINMODE0=0x0F; 
       PINSEL1=0x00204000;          

Explain the settings that have been made. 

Port 0, Byte 0 is set such that lower 4 bits are input, upper 4 are output.  

Pull-down resistor enabled for Bits 0 and 1 of Port 0, pull-up for bits 2 and 3. 

PINSEL 1 = 0000 0000 0010 0000 0100 0000 0000 0000 

Hence: 

General purpose I/O on Port 0 bits 30-27, 25, 23-16 

Bit 26 = AOUT 

 Bit 24 = Analog in, AD0.1 

 

2. An LPC1768 is connected with a 3.0 V reference voltage. Its DAC output reads 0.375 V. What is its input 
digital value? 

Using equation 4.1: 

 

 

D = 0.375 x 2
10

 / 3.0 

D = 128 

 

3. On an LPC1768, the ADC clock is set at 4MHz. How long does one conversion take? 

It takes 65 cycles to complete an ADC conversion (top of page 317). 

In this case conversion time = 65 x 250ns = 16.25 us. 

 

4. A user wants to sample an incoming signal with an mbed ADC at 44 kHz or greater. What is the minimum 
ADC clock value?  

Sampling frequency has to be > 44 kHz. It takes 65 cycles to complete a conversion. Hence ADC clock speed must 
be > 44x65 kHz, or 2.86 MHz. In reality the overheads of all associated programming will lead to the 
requirement for a higher clock frequency.  

 

5. Describe how the ADC clock frequency calculated in Question 4 can be set up.  

The general method is described in the top para of page 317. It would then be appropriate to use the 
setting described in the 2

nd
 para of page 318, starting “To calculate the ADC clock frequency….” 

 


