Appendices

Appendix A: Distance tables.

Table A1: Distances dij between sections.

	 
	Section J

	Section i
	1
	2
	3
	4
	5
	6

	1
	h1/3
	h1/2+ h2/2
	h1/2+ h2+h3/2
	h1/2 + h2 + h3 + h4/2
	h1/2 + h2 + h3 + h4 + h5/2
	h1/2 + h2 + h3 + h4 + h5 + h6/2

	2
	h2/2 +  h1/2
	h2/3
	h2/2 + h1/2
	h2/2  + h3 + h4/2
	h2/2 + h3 + h4 + h5/2
	h2/2 + h3 + h4 + h5 + h6/2

	3
	h3/2 +  h2  +  h1/2
	h3/2 + h2/2
	h3/3
	h3/2 + h4/2
	h3/2 + h4 + h5/2
	h3/2 + h4 + h5 +  h6/2

	4
	h4/2 +  h3 +  h2 +  h1/2
	h4/2 + h3 + h2/2
	h4/2 + h3/2
	h4/3
	h4/2 + h5/2
	h4/2 + h5 + h6/2

	
	
	
	
	
	
	

	5
	h5/2 + h4 + h3 +  h2 +  h1/2
	h5/2 + h4 + h3 +  h2/2
	h5/2 + h4 + h3/2
	h5/2 + h4/2
	h5/3
	h5/2 + h6/2

	6
	h6/2 + h5 +  h4 + h3 +  h2 +  h1/2
	h6/2 + h5 +  h4 + h3 +  h2/2
	h6/2 + h5 +  h4 + h3/2
	h6/2 + h5 + h4/2 
	h6/2 + h5/2
	h6/3


Table A2: Distance dAi for the single bay VLM.

	
	Section i

	Location
	1
	2
	3
	4
	5
	6

	A
	h1/2 +  h2 + h3 + h4 + h5
	h2/2 + h3 + h4 + h5
	h3/2 + h4 + h5
	h4/2 + h5
	h5/2
	h6/2


Table A3: Distance dBi for Dual bay VLM.
	
	Section i

	Location
	1
	2
	3
	4
	5
	6
	A

	B
	h1/2 +  h2 + h3 + h4 + h5 - d
	h2/2 + h3 + h4 + h5 - d
	h3/2 + h4 + h5 - d
	h4/2 + h5 - d
	h5/2 - d
	h6/2 + d
	d


Table A4: Distances for the double extractor VLM.

	 
	Section i

	Distance
	1
	2
	3
	4
	5
	6

	dXAi
	h1/2 +  h2 + h3 + h4 + h5
	h2/2 + h3 + h4 + h5
	h3/2 + h4 + h5
	h4/2 +  h5
	h5/2
	h6/2 

	dYAi
	h1/2 +  h2 + h3 + h4 + h5 + d
	h2/2 + h3 + h4 + h5 + d
	h3/2 + h4 + h5 + d
	h4/2 +  h5 + d
	h5/2 + d  
	h6/2 - d

	dYAi
	h1/2 +  h2 + h3 + h4 + h5 - d
	h2/2 + h3 + h4 + h5 - d
	h3/2 + h4 + h5 - d
	h4/2 +  h5 - d
	h5/2 - d
	h6/2 + d

	dX1i
	h1/3 + d
	h1/2 + h2/2 + d  
	h1/2 +  h2 + h3/2 + d
	h1/2 +  h2 + h3 + h4/2 + d  
	h1/2 +  h2 + h3 + h4 + h5/2 + d
	h1/2 +  h2 + h3 + h4 + h5 + h5/2 + d

	dX2i
	h2/2 +  h1/2 + d 
	h2/3 + d
	h2/2 + h1/2 + d  
	h2/2 +  h3 + h4/2 + d  
	h2/2 +  h3 + h4 + h5/2 + d  
	h2/2 + h3 + h4 + h5 + h6/2 + d

	dX3i
	h3/2 +  h2 + h1/2 + d 
	h3/2 + h2/2 + d  
	h3/3 + d
	h3/2 + h4/2 + d  
	h3/2 + h4 + h5/2 + d  
	h3/2 + h4 + h5 + h6/2 + d

	dX4i
	h4/2 +  h3 + h2 + h1/2 + d 
	h4/2 + h3 + h2/2 + d  
	h4/2 + h3/2 + d
	h4/3 + d  
	h4/2 +  h5/2 + d
	h4/2 +  h5 + h6/2 + d

	dX5i
	h5/2 +  h4 + h3 + h2 +  h1/2 + d 
	h5/2 +  h4 + h3 + h2/2 + d  
	h5/2 +  h4 + h3/2 + d
	h5/2 +  h4/2 + d
	h5/3 + d
	h5/2 + h6/2 + d

	dX6i
	h6/2 + h5 +  h4 + h3 + h2 +  h1/2 + d 
	h6/2 + h5 +  h4 + h3 + h2/2 + d  
	h6/2 + h5 +  h4 + h3/2 + d
	h6/2 + h5 +  h4/2 + d  
	h6/2 + h5/2 + d
	h6/3 + d


Table A5: Distance between location and section for buffer VLM
	
	Section i

	Location
	1
	2
	3
	4
	5
	6

	B
	h1/2 +  h2 + h3 + h4 + h5 + d
	h2/2 + h3 + h4 + h5 + d
	h3/2 + h4 + h5 + d
	h4/2 + h5 + d
	h6/2 + d
	h6/2 - d


Table A6: Probabilities for the buffer VLM.

	
	Section i

	Probability
	1
	2
	3
	4
	5
	6

	pi
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Table A7: Distances between locations and sections for the double lift VLM.
	
	Section i

	Location
	1
	2
	3
	4
	5
	6

	A
	h1/2 +  h2 + h3 + h4 + h5 + d
	h2/2 + h3 + h4 + h5 + d
	h3/2 + h4 + h5 + d
	h4/2 + h5 + d
	h5/2 + d
	h6/2 - d

	B
	h1/2 +  h2 + h3 + h4 + h5
	h2/2 + h3 + h4 + h5
	h3/2 + h4 + h5
	h4/2 + h5
	h5/2
	h6/2

	C
	h1/2 +  h2 + h3 + h4 + h5 - d
	h2/2 + h3 + h4 + h5 - d
	h3/2 + h4 + h5 - d
	h4/2 + h5 - d
	h5/2 - d
	h6/2 + d


Appendix B: Probabilities

Table B1: Probabilities for the single bay VLM.
	
	Section i

	Probability
	1
	2
	3
	4
	5
	6
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Table B2: Probabilities for the buffer VLM.

	
	Section i

	Probability
	1
	2
	3
	4
	5
	6

	pi
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Table B3: Probability that a section is higher, equal or lower than another section for 1 action.
	
	Condition Y

	Probability
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	PY
	41.67%
	58.33%


Table B4: Probability that a section is higher, equal or lower than another section for 2 actions.
	
	Condition Y

	Probability
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	PY
	17.36%
	24.31%
	24.31%
	34.02%


Appendix C: Overall Capacity.
Table C1: Throughput time for the single bay VLM.
	Overall Capacity (TPH)

	Total VLM Height (m)
	Picking Time (s)

	
	1
	10
	20
	30
	40

	5
	170
	119
	90
	72
	60

	10
	135
	101
	79
	64
	55

	15
	111
	87
	70
	59
	50

	20
	95
	77
	63
	54
	46

	25
	83
	68
	57
	50
	44


Table C2: Throughput time for the dual bay VLM.
	Overall Capacity (TPH)

	Total VLM Height (m)
	Picking Time (s)

	
	1
	10
	20
	30
	40
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	157
	157
	155
	108
	83

	10
	126
	126
	125
	108
	83

	15
	105
	105
	105
	104
	83

	20
	91
	91
	91
	90
	83

	25
	79
	79
	79
	79
	79


Table C3: Throughput time for the double extractor VLM.
	Overall Capacity (TPH)

	Total VLM Height (m)
	Picking Time (s)

	
	1
	10
	20
	30
	40
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	169
	169
	131
	96
	76

	10
	133
	133
	131
	96
	76

	15
	110
	110
	110
	96
	76

	20
	84
	84
	84
	93
	76

	25
	82
	82
	82
	82
	75


Table C4: Throughput time for the buffer VLM.
	Overall Capacity (TPH)

	Total VLM Height (m)
	Picking Time (s)

	
	1
	10
	20
	30
	40
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	165
	165
	138
	100
	76

	10
	131
	131
	130
	99
	76

	15
	108
	108
	108
	99
	76

	20
	93
	93
	93
	92
	76

	25
	81
	81
	81
	81
	75


Table C5: Throughput time for the double lift VLM.
	Overall Capacity (TPH)

	Total VLM Height (m)
	Picking Time (s)

	
	1
	10
	20
	30
	40
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	207
	206
	152
	107
	82

	10
	151
	151
	146
	107
	82

	15
	125
	124
	124
	106
	82

	20
	106
	106
	106
	102
	82

	25
	93
	92
	92
	92
	82


Table C6: Throughput time for the double lift with optimized tray sequence.
	Overall Capacity (TPH)

	Total VLM Height (m)
	Picking Time (s)

	
	1
	10
	20
	30
	40
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	236
	235
	155
	108
	83

	10
	183
	183
	154
	108
	83

	15
	150
	150
	149
	108
	83

	20
	127
	127
	127
	107
	83

	25
	111
	111
	110
	107
	82
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