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Genesis
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Genesis

What would a modular, 
scalable, agile parcel 

logistics hub look like?
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Genesis

Probably not like this:
• 250 km of conveyor
• 464,500 m2

• 4.2 km tilt tray sorter

Extremely effective, but both capital and 
labor intensive, with limited capability for 
expansion.
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Basic Idea

Destination-based 
consolidation at origin

Delivery-based 
deconsolidation at 

destination
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Basic Idea

• Bring racks to a robotic cell.
• Totes already are consolidated by 

destination
• Robot shuffles totes between racks to 

achieve rack-level destination 
consolidation.

LoadBot
StagingDock

MoveBot

Buffer Cell

Shuffle Cell

ShuffleBot
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• Conventional parcel logistics hub

• ~250 origin/destination locations

• 1 or more trips/day per location

• ~400,000 parcels per day

• ~100 docks

• 9 tilt-tray sort conveyors, each at 15000/hr

• 30 putwall workstations, each at 800/hr

• ~ 500 workers

Use Case
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• Configuration of totes & racks

• Number of docks and LoadBots

• Amount of (un)loading staging

• Number of ShuffleCells

• ShuffleCell design

• Number and configuration of BufferCells

• Number of MoveBots and ToteBots

• Control architecture, policies, decision-making algorithms

Logistics Design Issues
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Design of Totes and Racks
• The Standard trailer chosen has dimensions (47’3”, 99”, 108-1/2”).
• Using the maximum space of the truck 
• Two ways to put the racks next to each other:

• Side by side 
• Back to back

• Designing totes and single-depth racks to fit in the truck with 
nominal tote dimensions 2’x2’x2’

• Allowances for rack structural components

Side-by-Side loading 

Back-to-Back loading 

2
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Design of Docks/LoadBots/Staging

Number of docks required depends on truck arrival rate and turnover 
time at the dock and is driven by the peak period truck arrival rate.
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ShuffleCell & BufferCell Design

Same footprint => Modularity
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Number of ShuffleCells

Tote batch 
Arrival to 

ShuffleCell

Tote/Batch 
Waiting Time

Actual Shuffle 
Time

Tote batch 
Departure 

from 
ShuffleCell

Depends on 
ShuffleBot speed and 

deadhead

Depends on number 
of ShuffleBots and 
actual shuffle time
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ShuffleCenter Space Assignment

BufferCell

Load/Unload 
Staging

ShuffleCell

Pre- and Post-
Shuffle Staging
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Control Architecture Opens/closes ShuffleCells, 
allocates Loadbots and 

assigns Docks; sets 
priorities

Dispatches robot to 
shuffle totes

Dispatches 
MoveBots to 
move racks

Dispatches 
ToteBots to 
move totes

Decides rack and tote 
transports and assigns 
tasks; sets priorities for 

ShuffleCells

Creates unload 
tasks

Assigns unload 
tasks to LoadBots

Moves LoadBots
between pools

Assigns load tasks 
to LoadBots

Creates load tasks



IPIC June 16, 2021 16/23

ShuffleCellAgent

• Maintain state information
• Assigned tasks
• Racks and totes

• Assign tasks to ShuffleBot
• Determine feasible moves
• Select best next move

Strategy: ShuffleCenter designates “strip” and “stack” racks; 
ShuffleCell heuristics for moving individual totes.

Plant

Control
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Evaluation: Simulation Approach

Shuffle time estimates

Emulate3D physics-based Anylogic hybrid agent/discrete-event
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• HLH achieves comparable service level

• Investment costs are roughly comparable

• Labor costs are dramatically lower

• Requires smaller labor force, but more highly qualified

• Relatively easy to add/remove bots to change throughput capacity

• Relatively easy to relocate bots to re-allocate hub capacity across the network

Comparison to Baseline Use Case
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• These are conclusions from (initial) simulations…

• Need to refine process time models from Emulate3D

• Better bot design, optimized trajectory planning

• Layout not optimized

• Collision avoidance for bots in aisles not yet implemented

• Proof of concept controllers

Caveats!
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• Exploring trade-offs, e.g.,

• Speed vs number of bots

• Frequency vs capacity of trucks

• Refining operational decision-making

• ShuffleCell operation

• Moving racks vs moving totes

• ShuffleCell & BufferCell space assignment

• Better understanding

• Impact of number of origins/destination

• Variability in OD shipments

• Design optimization

• And more…

Research and Development Opportunities
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Thank you!


