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ENGI 128 
INTRODUCTION TO ENGINEERING SYSTEMS 

 
 

Lecture 13: 
Digital Communications I 

“Understand Your Technical World” 
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Representing 
Digital 

Information 
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The Lowly Bit 
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1011001101010101010101100011001001010101101101110110011010101010101011000
1100100101010110110111011001101010101010101100011001001010101101101101100
1101010101010101100011001001010101101101110110011010101010101011000110010
0101010110110111011001101010101010101100011001001010101101101101100110101
0101010101100011001001010101101101110110011010101010101011000110010010101
0110110111011001101010101010101100011001001010101101101101100110101010101
0101100011001001010101101101110110011010101010101011000110010010101011011
0111011001101010101010101100011001001010101101101101100110101010101010110
0011001001010101101101110110011010101010101011000110010010101011011011101
1001101010101010101100011001001010101101101101100110101010101010110001100
1001010101101101110110011010101010101011000110010010101011011011101100110
1010101010101100011001001010101101101101100110101010101010110001100100101
0101101101110110011010101010101011000110010010101011011011101100110101010
1010101100011001001010101101101101100110101010101010110001100100101010110
1101110110011010101010101011000110010010101011011011101100110101010101010
1100011001001010101101101101100110101010101010110001100100101010110110111
0110011010101010101011000110010010101011011011101100110101010101010110001
1001001010101101101101100110101010101010110001100100101010110110111011001
1010101010101011000110010010101011011011101100110101010101010110001100100
1010101101101101100110101010101010110001100100101010110110111011001101010
1010101011000110010010101011011011101100110101010101010110001100100101010
1101101101100110101010101010110001100100101010110110111011001101010101010
1011000110010010101011011011101100110101010101010110001100100101010110110
1101100110101010101010110001100100101010110110111011001101010101010101100
0110010010101011011011101100110101010101010110001100100101010110110110110
0110101010101010110001100100101010110110111011001101010101010101100011001
0010101011011011101100110101010101010110001100100101010110110110110011010
1010101010110001100100101010110110111011001101010101010101100011001001010
1011011011101100110101010101010110001100100101010110110110110011010101010
1010110001100100101010110110111011001101010101010101100011001001010101101
1011101100110101010101010110001100100101010110110110110011010101010101011
0001100100101010110110111011001101010101010101100011001001010101101101110
1100110101010101010110001100100101010110110110110011010101010101011000110
0100101010110110111011001101010101010101100011001001010101101101110110011
010101010101011000110010010101011011011 

But they travel in swarms… 
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Let’s count… 

 0   
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Let’s count… 

 1   



7 

Let’s count… 

 2   
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Let’s count… 

 3   
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Let’s count… 

 9   

We’ve run out of room in the digit.  Now what do we do? 
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Let’s count… 

 10   

We add another digit 
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Let’s count… 

 99   

And another… 
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Let’s count… 

 100   

And another… 
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Let’s count… 

 137   

We can read off the number by the places 
This is called a “base 10” number system, because each digit 
can take on 10 different values 

1’s 

10’s 

100’s 
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Let’s count in binary… 

 0   
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Let’s count in binary… 

 1   
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Let’s count  in binary… 

 1   

We’ve run out of room in the digit.  Now what do we do? 
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Let’s count in binary… 

 10   

We add another digit 



18 

Let’s count in binary… 

 11   

We’re out of room AGAIN?!  ok, add another digit 
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Let’s count in binary… 

 100   

What does this number mean in decimal? 
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Let’s count… 

 100   

We can read off the number by the places 

1’s 

2’s 

4’s 
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Let’s count… 

 00001100   

But we need 
a lot of places… 

1’s 

2’s 

4’s 

8’s 

16’s 

32’s 

64’s 

128’s 
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The Byte 

 00001100   

8 binary digits 

1’s 

2’s 

4’s 

8’s 

16’s 

32’s 

64’s 

128’s 
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How can you read this quickly? 

 00001100   
1’s 

2’s 

4’s 

8’s 

16’s 

32’s 

64’s 

128’s 

= 8+4 = 12 
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How can you read this quickly? 

 00100101   
1’s 

2’s 

4’s 

8’s 

16’s 

32’s 

64’s 

128’s 

= 32 + 4 + 1 = 37 
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How can you read this quickly? 

 10000000   
1’s 

2’s 

4’s 

8’s 

16’s 

32’s 

64’s 

128’s 

= 128 = 128 
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How Big a Byte Be? 

 00001100   
1’s 

2’s 

4’s 

8’s 

16’s 

32’s 

64’s 

128’s 
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The Biggest, Baddest Byte: 

 11111111   
1’s 

2’s 

4’s 

8’s 

16’s 

32’s 

64’s 

128’s 

=255 
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Ok, so you can count, but can you add? 

  27 = 00011011 

+26 = 00011010 
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[addition on white board] 
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Ok, fine.  You can count and add. 

But can you send email? 

 

Huh? 
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ASCII Table 

Easy.  Assign a number to each letter. 
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Let’s write some email! 

A short email: Only use 4 letters 
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Let’s write some email! 

A short email: Only use 4 letters 



34 

Ok, The email’s done 

Now how do we send it from robot to robot? 

wazzup! 

That is 

so 90’s 
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Binary 
Representation 



36 

The Byte 

 00001100   

8 binary digits 

1’s 

2’s 

4’s 

8’s 

16’s 

32’s 

64’s 

128’s 
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ASCII Table 

Easy.  Assign a number to each letter. 
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Digital 
Communications 
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We have digital communication Computers are 
networked 



40 40 

We’re surrounded by Digital Communications 

Ethernet 
DVI 

USB  

WiFi  

3G and WiFi 
(This is an iPhone)  

Remote Control  r-one robot 
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CAN Bus 

41 
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Physical Representation of Digital Data 

Ethernet 
Voltage 

USB 
Voltage 

WiFi 
radio waves  

Remote Control 
IR Light 

3G and WiFi 
radio waves 

r-one robot 
IR Light and radio 
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Bandwidth 

This is a measure of the amount of bits we can transmit over a 
channel 

• Its units are BPS, Bits Per Second 

Anybody know some popular bandwidths? 
• Ethernet = {10/100/1000} mbps 
• Wi-Fi (802.11g) = 54 mbps 
• USB = 480 mbps 
• r-one radio: 2 mbps, IR: 1.25 kbps 
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Bandwidth 

Ethernet 
1000 mbps 

USB 
480 mbps 

WiFi 
54 mbps  

Remote Control 
1.25 kbps 

3G and WiFi 
384 kbps/54 mbps 

r-one robot 
2 mbps/1.25 kbps 
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1011001101010101010101100011001001010101101101110110011010101010101011000
1100100101010110110111011001101010101010101100010110010010101011011011011
0011010101010101011000110010010101011011011101100110101010101010110001100
1001010101101101110110011010101010101011000110010010101011011011011001101
0101010101011000110010010101011011011101100010101101010101010101100011001
0010101011011011101100110101010101010110001100100101010110110110110011010
1010101010110001100100101010110110111011001010100110101010101010110001100
1001010101101101110110011010101010101011000110010010101011011011011001101
0101010101011000110010010101011011011101100110101010101010110001100100101
0101101101110110011010101010101011000110010010101011011011011001101010101
0101011000110010010101011011011101100110101010101010110001100100101010110
1101110110011010101010101011000110010010101011011011011001101010101010101
1000110010010101011011011101100110101101010101011000110010010101011011011
1011001101010101010101100011001001010101101101101100110101010101010110001
1001001010101101101110110011010101010101011000110010010101011011011101100
1101010101010101100011001001010101101101101100110101010101010110001100100
1010101101101110110011010101010101011000110010010101011011011101100110101
0101010101100011001001010101101101101100110101010101010110001100100101010
1101101110110011010101010101011000110010010101011011011101100110101010101
0101100011001001010101101101101100110101010101010110001100100101010110110
1110110011010101010101011000110010010101011011011101100110101010101010110
0011001001010101101101101100110101010101010110001100100101010110110111011
0011010101010101011000110010010101011011011101100110101010101010110001100
1001010101101101101100110101010101010110001100100101010110110111011001101
0101010101011000110010010101011011011101100110101010101010110001100100101
0101101101101100110101010101010110001100100101010110110111011001101010101
0101011000110010010101011011011101100110101010101010110001100100101010110
1101101100110101010101010110001100100101010110110111011001101010101010101
1000110010010101011011011101100110101010101010110001100100101010110110110
1100110101010101010110001100100101010110110111011001101010101010101100011
0010010101011011011101100110101010101010110001100100101010110110110110011
0101010101010110001100100101010110110111011001101010101010101100011001001
0101011011011101100110101010101010110001100100101010110110110110011010101
0101010110001100100101010110110111011001101010101010101100011001001010101
101101110110011010101010101011000110010010101011011011 

That’s a lot of bits! 
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1011001101010101010101100011001001010101101101110110011010101010101011000
1100100101010110110111011001101010101010101100010110010010101011011011011
0011010101010101011000110010010101011011011101100110101010101010110001100
1001010101101101110110011010101010101011000110010010101011011011011001101
0101010101011000110010010101011011011101100010101101010101010101100011001
0010101011011011101100110101010101010110001100100101010110110110110011010
1010101010110001100100101010110110111011001010100110101010101010110001100
1001010101101101110110011010101010101011000110010010101011011011011001101
0101010101011000110010010101011011011101100110101010101010110001100100101
0101101101110110011010101010101011000110010010101011011011011001101010101
0101011000110010010101011011011101100110101010101010110001100100101010110
1101110110011010101010101011000110010010101011011011011001101010101010101
1000110010010101011011011101100110101101010101011000110010010101011011011
1011001101010101010101100011001001010101101101101100110101010101010110001
1001001010101101101110110011010101010101011000110010010101011011011101100
1101010101010101100011001001010101101101101100110101010101010110001100100
1010101101101110110011010101010101011000110010010101011011011101100110101
0101010101100011001001010101101101101100110101010101010110001100100101010
1101101110110011010101010101011000110010010101011011011101100110101010101
0101100011001001010101101101101100110101010101010110001100100101010110110
1110110011010101010101011000110010010101011011011101100110101010101010110
0011001001010101101101101100110101010101010110001100100101010110110111011
0011010101010101011000110010010101011011011101100110101010101010110001100
1001010101101101101100110101010101010110001100100101010110110111011001101
0101010101011000110010010101011011011101100110101010101010110001100100101
0101101101101100110101010101010110001100100101010110110111011001101010101
0101011000110010010101011011011101100110101010101010110001100100101010110
1101101100110101010101010110001100100101010110110111011001101010101010101
1000110010010101011011011101100110101010101010110001100100101010110110110
1100110101010101010110001100100101010110110111011001101010101010101100011
0010010101011011011101100110101010101010110001100100101010110110110110011
0101010101010110001100100101010110110111011001101010101010101100011001001
0101011011011101100110101010101010110001100100101010110110110110011010101
0101010110001100100101010110110111011001101010101010101100011001001010101
101101110110011010101010101011000110010010101011011011 

If we’re sending so many 
bits so quickly, how do we 

tell them apart? 
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Telling one bit from another 

A continuous stream of bits is hard to deal with. 

Imagine a computer network: You might have many questions 
about these bits: 

• Are these bits for you? 
• Where did these bits come from? 
• What do these bits mean? 
• Are these bits error-free? 
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The Packet 

A packet is a chunk of data with a well-defined beginning, end, and 
structure 

A packet has four parts: 
• Some kind of start indication that tells the network that a packet is 

starting 
• Some kind of header that tells the network what the packet is, 

where it is from, and where it is going 
• Some kind of data.  That’s kind of the point of the packet… 
• Some kind of error detection to check the validity of the packet. 

start header data error detection 


