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Industry and Setup Context

« Modular Construction (MC) is a construction method that parallelizes work between offsite and onsite

locations.
* This parallelized method may vary among different companies, but for our analysis, we will consider a

Distributed Modular Construction (DMC) which incorporates two actors: the Kitting Center and the
Assembly Center.
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Problem Description

« In the KC, items are consolidated into kits, bundling only the necessary parts for specific assemblies at

designated workstations and times.
« The process of kit generation can be conceptualized as a 3D bin irregular packing problem and can be

address with optimization model techniques.
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Proposed Alternative

1 Incorporation of Virtual Reality into the Kit Containerization Design Process

The alternative is feasible and reasonable because in DMC, all components are digitally created
(Digital Twin of the components)
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If the largest container is not enough, then the participant
will select an additional container to accommodate the

Fig. 1: lllustration of items with their corresponding labels .. .
remaining items
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Optimization Model for Comparison

Item-to-container assignment

Parameters Decision Variables

li,wi, h; = length, width and height of the item Sic = 1if item i is placed in container c,0 otherwise

le,We, he = length,width and height of the container N. = 1if container c is used, 0 otherwise

f = maximum fill percentage of a container

m = number of containers n = number of items

Minimize Zl w.h, Zl Wih

st:

zSiC =1 Vvi= {1,2,..n} } Guarantee that every item is assigned to one container

c=1

S: . Lw:h; < Iwh. «NoVe= {12 Ensures that volume of all items in a container is
icliwihi < f *lewehe * Ne; ¥ ¢ = {1,2,...m} within the limit of the maximum container volume
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Optimization Model for Comparison (item-in-container packing)

Decision Variables

X;,Y; ,Z; = coordinates of back,left, bottom corner of item

Leislyi sl =e1,e;,e3if length of item i is parallel to x,y or z axis respectively

Wyi, Wy , Wy = €q1,e;,e3if width of item i is parallel to x,y or z axis respectively

hyi, hy; ,hy=eq,ep,esif height of itemiis parallel to x,y or z axis respectively

a;j,bij,cij,dij,ej fij = 1if itemiis placed to the (left,right, behind, front, below, above) of
item j respectively, 0 otherwise

X; + lilxi + wiwy,; + hihxi < Xj + (1 — Clij)M \ i,j )L <j

Prevent overlapping between items ‘i’ and ' (*)
x]+l]lx]+W]Wx] +h]hx] le+(1—bl])M Vl,],l <]
aj;+bijj+tcejtdijtej+fij=1—F Vi,j,i< j}Ensure non-zero values if items i, j exist in same container

xi + Lilyi + wiwy; + hihy <1 Vi } Ensure that objects do not overlap with container (*)

bei + 1y Hlp =1 Vi } Ensures that the length is only along one axis (¥)

L +w, +hy =1 Vi } Ensures that one of the dimensions is parallel to x-axis (*)

(*) Similar constraints exist for the y-axis and z-axis ot |
th Internationa
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Results

1. Our findings show that the VR containerization
strategy outperforms optimization methods (For
this case) in terms of average and highest
utilization.

2. The optimization model required either the same
or more time to generate a feasible solution.

3. VR containerization provides visual insights and
results that are easy to abstract, as illustrated in
the low utilization image.
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Conclusions, Limitations and Future Research

1. Itintroduces a novel approach to address 3D irregular variants of the bin packing problem

2. The proposed method is flexible (applying to a broad spectrum of object shapes) and

precise (not needing to discard important assumptions)

3.  Relies heavily on human decision-making, introducing variability in containerization

strategies

4.  Acknowledges effectiveness at small scales but struggles at larger scales, suggesting

potential for research in reinforcement learning techniques

5. Future research could explore training agents via crowdsourcing to collect diverse

containerization strategies and optimize their performance
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Questions

jgarcia34li@gatech.edu
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