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Objective:
Based on a variety of inputs, the logic circuit developed in this project will generate signals to control movement, direction, box pusher and stop of the conveyer system.
Design Procedures:

1. Find how many inputs will affect a certain output, and their relationship. 
2. Write a description of the relationship.
3. Write the logical function of the relationship
4. Simplify the logical function.

5. Build the circuit
6. Find similar outputs and replicate the method to build them
Functional Description:

Movements:

M1:

1. M1 is affected by On1, Enable, and destination. If an object’s destination is 00 and it reaches A, it should not fall off the belt.

2. M1 is 1 when:
- On1 is 1.
---  except  ---
- A is 1 and destination is 00 (box reaches its destination)
For both above cases, Enable must be 1

3. M1=Enable•On1•(A•Dest1’ •Dest0’)’
4. M1=Enable•On1•(A’+Dest1+Dest0)

5. The circuit will be implemented later.

Similarly:

M2=Enable•On2•(B’+Dest1+Dest0’)
M6=Enable•On6•(F’+Dest1’+Dest0)
M7=Enable•On7•(G’+Dest1’+Dest0’)

M3, M4, M5 is 1 when the box is on it and Enable is 1:

M3=Enable•(On3U+On3L)

M4=Enable•On4

M5=Enable•(On5U+On5L)

Directions

D1:

1. Directions (except belt 3 and 5) are only affected by destination. Direction itself doesn’t take effect until it’s corresponding M signal is 1.
2. D1 is 1 when destination is 00

3. D1=Dest1’ •Dest0’

Similarly:

D2=Dest1’ •Dest0

D6:

1. D6 is 0 when destination is 10, otherwise D6 is 1

2. D6=(Dest1•Dest0’)’

3. D6=Dest1’+Dest0

Similarly:

D7=Dest1’+Dest0’

D3:

1. Direction 3 and 5 are not solely affected by destination. A move from 00 to 11 causes belt 3 to move down, a move from 01 to 11 causes belt 3 to move up. Since their destination is same, the On3U/L is introduced to assist determining the direction of belt 3.

2. D3 is 1 when:
- Destination is 01
---  or  ---
- Destination is 10 or 11, and On3U is 1

3. D3=Dest1’ •Dest0+On3U•(Dest1•Dest0’+Dest1•Dest0)

4. D3=Dest1’ •Dest0+On3U•Dest1

Similarly:

D5=Dest1•Dest0+On5U•Dest1’

D4:

1. D4 is 1 when destination is 00 or 01 (in the case “moving from 00 to 01”, Belt 4 is not used, but a setting of D4 is not harmful because M4 is 0)

2. D4=Dest1’ •Dest0’+Dest1’ •Dest0

3. D4=Dest1’

Box-Pushers:

Push1:

1. When an object reaches E and its destination is either 10 or 11, the box pusher should extend.

2. Push1 is 1 when:
- box is on E and destination is 10 or 11

3. Push1=E•(Dest1•Dest0’+Dest1•Dest0)

4. Push1=E•Dest1

Similarly:

Push4=J•Dest1’

Push2:

1. Push2 is 1 when:
- box is on C and destination is 00
2. Push2=C•Dest1’ •Dest0’

Similarly:

Push3=D•Dest1’ •Dest0

Push5=H•Dest1•Dest0’

Push6=I•Dest1•Dest0
Stop Signal:

1. Stop signal is only generated on reaching of 4 terminal locations: A, B, F, G. 

2. Stop is 1 when a box is on the destination (not as starting point) A, B, F, G
3. Stop=A•Dest1’ •Dest0’+B•Dest1’ •Dest0+F•Dest1•Dest0’+G•Dest1•Dest0

4. Stop=Dest1’ •(A•Dest0’+B•Dest0)+Dest1•(F•Dest0’+G•Dest0)

Extra Function:
The following function will enable a second object to be conveyed, or partially conveyed, in the case the first object has not left the system when it has reached the destination.

Add 4 “Lock” inputs to 4 terminal belts: Lock1, Lock2, Lock6, Lock7. Locks will be triggered when a box reaches the destination, i.e. when A•Dest1’ •Dest0’=1 then Lock1=1. However, this lock will NOT automatically reset to 0 when A•Dest1’ •Dest0’ changes back to 0, because when another object enters the system, the destination will change into a new one, while the old box should still “remember its old destination” and be locked there. Lock is set to 0 only when the old box has left the destination. This may be detected by 4 additional sensors installed at “4 exits” near 4 terminal locations. Briefly, A•Dest1’ •Dest0’=1(reaching of destination) can only make Lock1 change from 0 to 1, the sensor at the exit can only make Lock1 change from 1 to 0.
In this case, M1, M2, M6, M7 should be changed as follows:

M1=Enable•On1•(A’+Dest1+Dest0) •Lock1’
M2=Enable•On2•(B’+Dest1+Dest0’)•Lock2’

M6=Enable•On6•(F’+Dest1’+Dest0)•Lock6’

M7=Enable•On7•(G’+Dest1’+Dest0’)•Lock7’

Therefore, the belt with old object staying on it will be locked while destination is changed to new value. When a belt is locked, the second object can still use the rest of the system. i.e. If the belt 1 is locked, and the second object’s destination is 00, it will be pushed by BP2 from belt 3 and stand on the right side of belt 1.

Testing: 
(Enable is 1 in all cases. Observed value are obtained from Logicworks with haibei.cct)
Case 1: Moving from 00 to 01, no crossing belt 4, from upper to lower
Input:
	Input:
	Value:

	Dest1
	0

	Dest0
	1

	On1, On3U, On3L, On2
	1

	A, C, E, D
	1


Output:
	Output:
	Expected Value:
	Observed Value:

	M1, M3
	1
	1

	M2 when B=0
	1
	1

	M2 when B=1 (arrived)
	0
	0

	All other M
	0
	0

	D1
	0
	0

	D3
	1
	1

	D2
	1
	1

	All other D
	Don’t care
	

	BP3
	1
	1

	All other BP
	0
	0

	Stop when B=0
	0
	0

	Stop when B=1(arrived)
	1
	1


Case 2: Moving from 11 to 00, crossing belt 4, from lower to upper
Input:
	Input:
	Value:

	Dest1
	0

	Dest0
	0

	On7, On5L, On4, On3U, On1
	1

	G, I, J, E, C
	1


Output:

	Output:
	Expected Value:
	Observed Value:

	M7, M5, M4, M3
	1
	1

	M1 when A=0
	1
	1

	M1 when A=1 (arrived)
	0
	0

	All other M
	0
	0

	D7, D4, D1
	1
	1

	D5, D3
	0
	0

	All other D
	Don’t care
	

	BP4, BP2
	1
	1

	All other BP
	0
	0

	Stop when A=0
	0
	0

	Stop when A=1(arrived)
	1
	1


Case 3: Moving from 01 to 11, crossing belt 4, from lower to lower

Input:
	Input:
	Value:

	Dest1
	0

	Dest1
	0

	On2, On3L, On4, On5L, On7
	1

	B, D, E, J, I
	1


Output:

	Output:
	Expected Value:
	Observed Value:

	M2, M3, M4, M5
	1
	1

	M7 when G=0
	1
	1

	M7 when G=1 (arrived)
	0
	0

	All other M
	0
	0

	D2, D3, D4, D7
	0
	0

	D5
	1
	1

	All other D
	Don’t care
	

	BP1, BP6
	1
	1

	All other BP
	0
	0

	Stop when G=0
	0
	0

	Stop when G=1(arrived)
	1
	1


Testing of extra function (Lock belt) can be done after each of above cases in which Lock1(or 2, 6, 7) is switched to 1. These test results also meet the expected values.

Discussions:
In the above 3 typical cases, the circuit shows correctness as the system requirement specifies. However, there are totally 12 possible situations which are similar to any one of the 3 cases I tested. I have not traversed all 12 possibilities in this report but I have confidence that the circuit will show correctness in these cases.

Unusual Situations:

If the destination is same as the starting point (i.e. Dest1=0, Dest0=0, A=1), which may be caused by mis-operation, none of the belts will move (M1-7), Stop will be 1, which will disable the whole system.

Conclusion:

Based on design strategy and testing data, this circuit will meet the design requirement and be competent in conveying exceptional lazy UCONN students.
