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





𝑦 = 𝐵1 ⋅ 𝐵2 + 𝐵1 ⋅ 𝐵2 + 𝐵1 ⋅ 𝐵2 + 𝐵1 ⋅ 𝐵2  

𝑦 = 𝐵1 + 𝐵2 ⋅ 𝐵1 + 𝐵2 ⋅ 𝐵1 + 𝐵2 ⋅ 𝐵1 + 𝐵2  

0 
0 

0 

1 
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Thermal 
Sensor 

Front 
Sensor 

Rear 
Sensor 

Drive 
Motor 

Drive 
Direction 

OFF OFF OFF ON FORWARD 

OFF OFF ON ON FORWARD 

OFF ON OFF ON REVERSE 

OFF ON ON OFF DON'T CARE 

ON OFF OFF OFF DON'T CARE 

ON OFF ON OFF DON'T CARE 

ON ON OFF OFF DON'T CARE 

ON ON ON OFF DON'T CARE 

3 

Approaches: 
1. Black Box (hand off problem to somebody else's software/compiler) 
2. Brute Force (write software or build circuitry that checks all conditions) 
3. Reduce Logic (write less complex software or circuitry) 
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1 

0 
0 
1 

𝑦 = 𝐵1 ⋅ 𝐵2 + (B1 ⋅ 𝐵2) 

𝑦 = 𝐵1 + 𝐵2 ⋅ 𝐵1 + 𝐵2  

4 
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










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




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B1 B2 
Lock 

00 01 11 10 

00 0 1 1 1 

01 1 1 1 0 

11 0 0 0 0 
B3 B4 

10 0 0 1 1 
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





0 0 

1 1 

1 

0 
1 
0 

𝑦 = 𝐵1 ⋅ 𝐵2 + (𝐵1 ⋅ 𝐵2) 

𝑦 = 𝐵1 + 𝐵1 ⋅ 𝐵2 

𝑦 = 𝐵2 

8 



Jeff Shelton – 23 January 2015 






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Decimal Binary Gray Code 

0 000 000 

1 001 001 

2 010 011 

3 011 010 

4 100 110 

5 101 111 

6 110 101 

7 111 100 

10 
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





00 → 01   →    10
𝐵𝑜𝑡ℎ 𝑏𝑖𝑡𝑠
𝑐ℎ𝑎𝑛𝑔𝑒

𝑠𝑖𝑚𝑢𝑙𝑡𝑎𝑛𝑒𝑜𝑢𝑠𝑙𝑦

→  11 

01 → 00 → 10 or 01 → 11 → 10 

00 → 01 → 11 → 10 
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





0 
1 

𝑛 = 1 

0 
1 

𝑛 = 2 

00 
01 
11 
10 

1 
0 

00 
01 
11 
10 

000 
001 
011 
010 
110 
111 
101 
100 

𝑛 = 3 

10 
11 
01 
00 

12 
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 𝑛
0 𝑛 − 1

 𝑖 0 𝑖 𝑖 + 1
𝑖

1 𝑖 + 1 = 𝑛 𝑛
0
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



14 



Jeff Shelton – 23 January 2015 







00 → 01 → 11 → 10 
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





16 

B1 B2 
Lock 

00 01 11 10 

00 0 1 1 1 

01 1 1 1 0 

11 0 0 0 0 
B3 B4 

10 0 0 1 1 
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



B1 B2
Lock

00 01 11 10

0 0 1 1 0
B3

1 0 1 1 0

17 

B1 B2 B3 L 

0 0 0 0 

0 0 1 0 

0 1 0 1 

0 1 1 1 

1 0 0 0 

1 0 1 0 

1 1 0 1 

1 1 1 1 

Truth Table 

K-Map 
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



B1 B2 
Lock 

00 01 11 10 

00 0 1 1 1 

01 1 1 1 0 

11 0 0 0 0 
B3 B4 

10 0 0 1 1 
 

(𝐵2 ⋅ 𝐵3) + (𝐵1 ⋅ 𝐵4) 𝐿 = 

+ (𝐵1 ⋅ 𝐵3 ⋅ 𝐵4) 
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

•



•

19 



Jeff Shelton – 23 January 2015 20 

B1 B2 
Lock 

00 01 11 10 

00 0 1 1 1 

01 1 1 1 0 

11 0 0 0 0 
B3 B4 

10 0 0 1 1 
 

(𝐵2 ⋅ 𝐵3) + (𝐵1 ⋅ 𝐵4) 𝐿 = 

+ (𝐵1 ⋅ 𝐵3 ⋅ 𝐵4) 
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Lock 
B1 B2 

00 01 11 10 

B3 B4 

00 X 1 1 1 

01 1 1 1 0 

11 0 0 0 0 

10 0 0 1 1 
 

(𝐵2 ⋅ 𝐵3) + (𝐵1 ⋅ 𝐵4) 𝐿 = 

+ (𝐵1 ⋅ 𝐵3) 
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Lock 
B1 B2 

    

B3 
0     

1     
 

Recall 𝑥 ⋅ 𝑦 + 𝑥 ⋅ 𝑦 = 𝑥 ⋅ 𝑦 + 𝑦 = 𝑥 

𝑦 = 

𝑦 = (𝐵2 ⋅ 𝐵3) 

(𝐵1 ⋅ 𝐵2 ⋅ 𝐵3) +(𝐵1 ⋅ 𝐵2 ⋅ 𝐵3) 

+ (𝐵1 ⋅ 𝐵3) 

+ (𝐵1 ⋅ 𝐵2 ⋅ 𝐵3) 

+ (𝐵2 ⋅ 𝐵3) 

+(𝐵1 ⋅ 𝐵2 ⋅ 𝐵3) 

+ (𝐵1 ⋅ 𝐵2 ⋅ 𝐵3) 

0 

1 1 

1 1 

0 

1 

0 

00 01 11 10 

22 

B1 B2 B3 L 

0 0 0 0 

0 0 1 1 

0 1 0 1 

0 1 1 0 

1 0 0 0 

1 0 1 1 

1 1 0 1 

1 1 1 1 

Truth Table 

K-Map 
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Thermal 
Sensor 

Front 
Sensor 

Rear 
Sensor 

Drive 
Motor 

Drive 
Direction 

OFF OFF OFF ON FORWARD 

OFF OFF ON ON FORWARD 

OFF ON OFF ON REVERSE 

OFF ON ON OFF DON'T CARE 

ON OFF OFF OFF DON'T CARE 

ON OFF ON OFF DON'T CARE 

ON ON OFF OFF DON'T CARE 

ON ON ON OFF DON'T CARE 

23 

ON = 1, OFF = 0 
FORWARD = 1, REVERSE = 0 

DON'T CARE = X 
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TS FS RS DM DD 

0 0 0 1 1 

0 0 1 1 1 

0 1 0 1 0 

0 1 1 0 X 

1 0 0 0 X 

1 0 1 0 X 

1 1 0 0 X 

1 1 1 0 X 

24 

ON = 1, OFF = 0 
FORWARD = 1, REVERSE = 0 

DON'T CARE = X 
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TS FS RS DM DD 

0 0 0 1 1 

0 0 1 1 1 

0 1 0 1 0 

0 1 1 0 X 

1 0 0 0 X 

1 0 1 0 X 

1 1 0 0 X 

1 1 1 0 X 

25 

DM                    FS   RS 

00 01 11 10 

TS 
0 1 1 0 1 

1 0 0 0 0 

DD                   FS   RS 

00 01 11 10 

TS 
0 1 0 X X 

1 1 X X X 

𝐷𝑀 = 𝑇𝑆 ∙ 𝑅𝑆  + 𝑇𝑆 ∙ 𝐹𝑆  

𝐷𝐷 = 𝐹𝑆 
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



0 

0 

1 

1 
𝐿 = 𝐵1 ⋅ 𝐵2 + (𝐵1 ⋅ 𝐵2) 

26 

𝐿 = 𝐵1⨁ 𝐵2 
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


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





•

•

•

AND

NOT

OR

NAND

NOR

𝑁𝐴𝑁𝐷 = (𝑥 ⋅ 𝑦 ⋅ … ) 

𝑁𝑂𝑅 = (𝑥 + 𝑦 + ⋯) 

28 
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





𝐿 = 𝐵1 ⋅ 𝐵2 = (𝐵1 + 𝐵2) 

29 
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



tpHL tpLH 

VIN 

VOUT 

30 
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B1 B2
Lock

00 01 11 10

00 0 1 1 0

01 1 1 1 0

11 0 0 1 1
B3 B4

10 0 0 0 0

(𝐵1 ⋅ 𝐵3 ⋅ 𝐵4) 

+(𝐵2 ⋅ 𝐵3) 

𝐿 = 

+(𝐵1 ⋅ 𝐵3 ⋅ 𝐵4) 

31 
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B1 B2
Lock

00 01 11 10

00 0 1 1 0

01 1 1 1 0

11 0 0 1 1
B3 B4

10 0 0 0 0

B1 

B2 

B3 

B4 
/B1• /B3• B4 

B2•/B3 

B1• B3 • B4 

Lock 

(𝐵1 ⋅ 𝐵3 ⋅ 𝐵4) 

+(𝐵2 ⋅ 𝐵3) 

𝐿 = 

+(𝐵1 ⋅ 𝐵3 ⋅ 𝐵4) 

32 
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B1 B2
Lock

00 01 11 10

00 0 1 1 0

01 1 1 1 0

11 0 0 1 1
B3 B4

10 0 0 0 0

B1 

B2 

B3 

B4 
/B1• /B3• B4 

B2•/B3 

B1• B3 • B4 

Lock 

(𝐵1 ⋅ 𝐵3 ⋅ 𝐵4) 

+(𝐵2 ⋅ 𝐵3) 

𝐿 = 

+(𝐵1 ⋅ 𝐵3 ⋅ 𝐵4) 

33 

B3 

B3 
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B1 B2
Lock

00 01 11 10

00 0 1 1 0

01 1 1 1 0

11 0 0 1 1
B3 B4

10 0 0 0 0

B1 

B2 

B3 

B4 
/B1• /B3• B4 

B2•/B3 

B1• B3 • B4 

Lock 

(𝐵1 ⋅ 𝐵3 ⋅ 𝐵4) 

+(𝐵2 ⋅ 𝐵3) 

𝐿 = 

+(𝐵1 ⋅ 𝐵3 ⋅ 𝐵4) 

34 

B2 B3’ 

B2•/B3 
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B1 B2
Lock

00 01 11 10

00 0 1 1 0

01 1 1 1 0

11 0 0 1 1
B3 B4

10 0 0 0 0

B1 

B2 

B3 

B4 
/B1• /B3• B4 

B2•/B3 

B1• B3 • B4 

Lock 

(𝐵1 ⋅ 𝐵3 ⋅ 𝐵4) 

+(𝐵2 ⋅ 𝐵3) 

𝐿 = 

+(𝐵1 ⋅ 𝐵3 ⋅ 𝐵4) 

35 

B1 B3 B4 B1• B3 • B4 
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B1 B2
Lock

00 01 11 10

00 0 1 1 0

01 1 1 1 0

11 0 0 1 1
B3 B4

10 0 0 0 0

B1 

B2 

B3 

B4 
/B1• /B3• B4 

B2•/B3 

B1• B3 • B4 

Lock 

(𝐵1 ⋅ 𝐵3 ⋅ 𝐵4) 

+(𝐵2 ⋅ 𝐵3) 

𝐿 = 

+(𝐵1 ⋅ 𝐵3 ⋅ 𝐵4) 
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





37 
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


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B1 B2
Lock

00 01 11 10

00 0 1 1 0

01 1 1 1 0

11 0 0 1 1
B3 B4

10 0 0 0 0

B1 

B2 

B3 

B4 

B1´• B3´• B4 

B2•B3´ 

B1• B3 • B4 

B1• B2 • B4 

Lock 

𝐿 = (𝐵1 ⋅ 𝐵3 ⋅ 𝐵4) 

+(𝐵2 ⋅ 𝐵3) 

+(𝐵1 ⋅ 𝐵3 ⋅ 𝐵4) 

+(𝐵1 ⋅ 𝐵2 ⋅ 𝐵4) 
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





40 


