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Background

* Warehouse Automation Pilot

* Robots to replace manual picking and placement tasks
» ACR: Autonomous Case Handlmg Robots

» 4 Big ACRs SSGEER ‘”“

« 8 Small ACRs HEE

ACR System
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8-meter Robot
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Objective

» Simulation Model to mimic Robot Logic at Warehouse
= Ability to Ingest Actual/Generated Order Data
= Generate and measure KPls (Robot Utilization/ Warehouse

Productivity)

* Do what-if scenario analysis

i

ol ol el afal !l ] o fe ] 1 i ol e e

DEDDDIDDDDIEEDI]IEEI]D EIEIEHEII]EIDI OO0OCnn

o E | EIJEEEEEEHE[IEEEEIHEEHIEEE]HEEHEIHHE]HHEE]HE[EE] |IRARRIRRBRIRARRIAHRRIHAHRI RHRRIRAAA]

|HHRRIHABRIHHHR BRI HAHH| AR HHAH]

OoiOOnOInOOoon :IDEIE]D.EIEEIDDEIDI

i S |
[l ]al a1 a1 o | | s ste |l stas 3! s |is s o sl HHIRHRRIRAAA
(a3l el -l afe in'e a1 ol ol a o] alel all e ala e alala] e 1a s ol 'al ala alalla alalld
[ of ] 1 a1 ] 18t facara] s am[afuiatal s ajafafw aca 1R [Tt ot i Sl
[ alal a'aala]alalal ] a ! a'a]  alal a1 ol l[aa ol L a'a] HHHH|HHHRIRHAH]
[l u] oo alal m1m a1 a a1l 0 atal {1 im o a1 1] 4 1a a1n I N a1 a1 o ol 1 alal  [aaalal s i afa i [a[a a8

ICCO0IC0CdI0000Ia000Inn00I000DIa000Io000Io00oal

I00001I300010000100001000010000100001

SCES Research and Analytics Innovation Lab

Intel Confidential

intel foundry

5



Physical Model

= Design and develop the physical
objects constituting the warehouse:

1.  Warehouse Layout and Paths
Workstations and Buffer Racks

Big Robots and Small Robots
Storage Racks (Main, Transfer Rack)
Totesand |-boxes

o s W

* Physical characteristics of objects
are defined within their respective
object screens (Dimensions, Speed,
Weight etc.)

= 2D and 3D Animations
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Logical Model
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Small Robot On Job Unloading Tour

= Valid paths forBRand SR

= Order Prioritization (Picking > Placement )
= Tote and Rack Location Selection (Zone wise

Random)
= BR Assignment (Zone)

= Robot Movement and Collision Avoidance
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= |nner/Outer Tote Picking

= Tote Transfer from Main Rack to Transfer Rack
(Nearest Empty)

= SR Assignment (Nearest Idle)
= |box-Tote Mapping
= Tote Placementin Main Rack
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Solution Demo

= Actual Order Data = Simulated Order Data = Live Order Generation = Disable Inner Layer
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Diagnostics
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Stress Test

Total Productivity
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Day-Wise Productivity Placing

Stress testing to see maximum load that can be handled by the current robot configuration for picking and
placementindependently.
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What-if Scenario Analysis
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All Layers vs Outer Layer Diagnostics
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ACR Utilization

@ working 682 15 (88%)
ACR1 @ idle 8385 (12%)

@ working 68122 (88%)
@ idle 8978 (12%)

@ working 676 56 (88%)
ACR3 @ idls 93.46 (12%)

ACR2

@ working 679.74 (88%)

ACR4 @ idle 90.28 (12%)

120

100

80
60
40
20 I
0 -

02412733 @2024172860 @ 20241729 81 @ 2024117210 81 @ 2024/1/2:11 101 @ 2024117212 93
@ 20241121375 @ 20241214 92 @ 2024121591 @ 20241216 54 20241172:17 41 @ 202411/2:18 36
20241/2:19 1

Hourly Productivity Picking

Total Productivity

250
200
150

100

20241727 224 @ 202411/2:8 137 @ 2024112957 @ 20241210 88 @ 20241/2:11 62
@ 2024121287 @ 20241721355 @ 2024121449 @ 20241172:15 55 @ 2024/1/2:16 80
2024172:17 175 @ 202411/2:18 210 @ 2024/1/2:19 8

Hourly Productivity Placing

5

=

ACR Utilization

@ working 655 31 (85%)
ACR1 @ idle 11559 (15%)

@ working 662 .4 (86%)
@ idie 1086 (14%)

@ working 585 31 (76%)
ACR3 @ idle 184.71 (24%)

ACR2

@ working 656 01 (85%)

ACR4 @ idie 11401 (15%)

150

10

s

23
=

2024127 42 @ 202412878 @ 202411729 105 @ 2024/1/2:10 126 @ 2024/4/2:11 112 @ 2024/1/2:12 62
© 2024117213 85 @ 2024112:14 103 @ 2024117215 75 @ 2024111216 45 @ 202411/2:17 65 @ 2024/12:18 28
202411/2:49 1

Hourly Productivity Picking

=)

250
200

15¢

202411127 243 @ 202411728 165 @ 20241129122 @ 20241210 64 @ 20241/2:11 91
@ 2024111212 218 @ 2024/1/2:13 150 @ 2024111214 112 @ 2024111215 133 @ 20241/2:16 215
@ 202411/2:17 172 @ 2024/1/2:18 163 2024/1/2:19 4

Hourly Productivity Placing

=

10

s

5

=

= Efficient Robot Utilization

=~30% increase in Overall Productivity =~15% more Boxes Picked *~40% more Boxes Placed
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Benefits

» Able to load actual/simulated data to the model

= Able to measure robot utilization to assess if we have excess or
less robots

» Able to measure productivity of system to optimally load the
warehouse

» Able to perform what-if analysis to suggest outer tote placement
to increase productivity by 30%

SCES Research and Analytics Innovation Lab Intel Confidential intel found ry 14



Next Steps

* Implement and validate model recommendations
» Extend model to other warehouse layouts

* Find optimal number of robots required

Compare alternate order assignment & robot routing algorithms
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