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Background

* GIS can be used to improve warehouse
operations
— ArcGIS’ Network Analyst can help:

* Optimize product organization

* Minimize the time clerks spend stocking shipments and
assembling orders

* Application:
— Velotech Inc. cycling retailer and warehouse

Design Objectives

* Create a geodatabase that can:

— Connect with a MS Access or other non-spatial
database system to help manage products and
warehouse operations

— Optimize product locations

— Determine the best routes for
* Restocking products
* Assembling orders
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Data Structure

B L Warehouse

* Two databases = Forictuore
— MS Access product G Nesheing
information DB S oestchD aaiens
[%7] Points
— ESRI Geodatabase £ DesttoRank
ODDestinations
* Feature dataset ODLines
ProductsPlaced
* Feature classes B PistoDest
+ Network dataset 5 arctenaonon
. . order
* Relationship classes ProductsPlaced
N Tables receivedshipment

SalesSize
ShelfODOutput

Product Database

— MS Access RDBMS Manages product attributes
(color, size, sales, inventory, stock box size, etc.)
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Product Database

Catalog & x

* Can query DB and export tables for
spatial analysis in ArcMap resaE gl

* Can connect to ArcMap via OLE
Database connection

® [{J Database Servers
&l £5 Database Connections
# Add OLE DB Connection

L# Add Spatial Database Connection

= L3 OLE DB Connection
Fieldl - Name - size - Color - boxs

3 Relationships | ] ProdudAtt | 5] Quen3 | 3] Queryd

Ergo Tre Bib Short medium black boxtype
Castelli Ergo Tre Half Short medium black clmum
Castelli Ergo Tre Knicker medium black Colors
Castelli Mannaggia Long Sleeve Jersey FZ medium black ;‘:’:‘Z‘W
Castelli Pave Bib Tight medium black Mg
Castelli Thermoflex Arm Warmers medium black ot
Castelli Thermoflex Knee Warmers medium black Partnum
Castelli Thermoflex Knee Warmers medium black Paste Errors
Castelli Thermoflex Leg Warmers medium black ProductAtt
Castelli Velocissimo Bib Short medium black fypentim
Castelli Velocissimo Half Short medium black g
Castelli Brezza Due Jacket medium black Size
Castelli Brezza Due Vest medium black BE sices
Castelli Tenero Knicker medium black Tablel
Castelli Vincente Donna Glove medium black twidth
Castelli Vizio Due Short medium black ,, valveleng
¥ ® [ GIS Servers

Spatial Data

* Warehouse multipatch feature class created in
Google SketchUp, imported into ArcScene
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Spatial Data

* Used ArcScene’s 3D
Editor to create point
and line feature
classes

— Points for shelf
locations

— Lines for traversable
paths

Spatial Data

e Shelf feature class attributes:

Table
ERAE= AL L
Points s
—
OBJECTID * Shape* | Row| Unit | Side | Shelf | Shelf SizelD*{ Hame* | =
1 [ Point Z 4 1 Front | A1 21 [
2 | PointZ 4 1 Front | B1 2|2
3 | Point £ 4 1 Front |C1 2|3
4 | Point Z 4 1 Front |D1 2|4
5 | Point £ 4 1 Front |E1 2|5
5 | Point Z 4 1 Front |F1 2|6
7 | Point Z 4 1 Front |G1 2|7 -
4 1 | 2
T 0 » 1 [E|S ] 0outof 726 Selected)
Points
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Spatial Data

. Siesa | it
Created a network EITTIE i

dataset with the R B

= @ Network ND

point and line classes | _.o i

= [ Points
®

= [ Lines

— Cost in walking speed
(placeholder seconds) | - g

— Full connectivity
— No turns modeled

— No path names (no iy L il
o path LI

Application: Product Distribution

* Use an Origin-Destination Cost Matrix to
optimize product locations by sales, box size,
and location
— Run OD Cost Matrix in Network Analyst

* Assign location for origin
* Assign locations for destinations
* Solve

— Combine shelf ranking results with product DB
sorted by sales and stock box size



Application: Product Distribution

f p 1

Network Analyst @ X Table Of Contents 7x

0D Cost Matsi

Jorigios ()
@ Orgin

¥ Destinations (726)
Lines (726)

- Point Barrers (0)
Restriction (0)
Added Cost (0)

= Line Barriers (0)
Restriction (0)
Scaled Cost (0)

= Polygon Barriers (0)
Restriction (0)
Scaled Cost (0)

» n [ ES oo 25 Seice)

Export point table, now including
ranks (ShelfODOutput) L8 L3

Open in Excel alongside exported Access DB GDB

Access table with product ID,
sales, and box size

Integrate by sorting, copying

Save new table (ProductsPlaced),
import back into ArcGIS

Join product ID, sales, and box size Table of Shelf
information into point feature ﬁ';fej,;;‘gk

class, save by creating new fields with Products
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) - )
J J
s
File Edit View Inset Format Tools Data Win| || Ele Edit View Insert Format Tools Data Window Help
F-BHeHEER % | T B Faas $Exea-¢ B- R by HOEEQ @ .
@ | colibri Flu =] 2 [+] ] B7TU =s===8 6% ¥®W << 0-2-4A-_
avczr KE =[2 i [
= i I 1= 3 F G | H T . L =
ID Sales | Size II ShelfSizel N.4,0 Shelf C.50 Name,C,50 Rank,N.4,0 ProdiD ProdSales ProdSize
2 152 1092 2 2m1 78 1 152 1092
145 912 = 281 79 2 145 912 -
18 912 2¢1 80 3 18 912
146 872 LIPS 201 81 4 145 872
144 362 6 2E1 82 5 144 862
148 8012 2F1 83 5 148 802
150 762 8 261 84 7 150 762
15 652 : 22 85 g 15 652
147 642 Wi 282 86 9 147 642
13 542 2c2 87 10 13 542
149 532 1 202 88 il 149 532
17 522 2€E2 89 12 17 522
9 5222 2F2 90 [ 9 522
162 512 | 262 91 1 162 512
2 452 : 2M1 1 19 26, 252
231 412 281 2 19 231 2132
1 352 g 201 3 20 11 352
12 a2 9 201 4 21 12 342
151 252 261 5 2 151, 252
167 22 2F1 6 23 167 242
143 22 261 7 24 143 2432
20 232 Wl 282 8 32 20 232
240 22 282 9 33 240 222
242 212 202 10 u 22 2132
19 212 [ 6 202 1 35 19 212
10 21 | 262 12 36 10 2132
2 239 202 b 2F2 13 37 239 202
» 23 192 3 262 14 38 23 192
E) 8 192 El 282 64 47 8 192

* Add ordered products table to ArcMap
document with geodatabase

* Join to Points file by product ID
* Query for points that host these products

* Add these locations to Vehicle Routing
Problem tool in Network Analyst

* Add routes to VRP, define depot as Origin
* Solve and display
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Applicatio .

Network Analyst

Vehicle Routing Problem -
[E] Orders (10)] - — H H H H JH ‘J l'
T T

<Unassigned> (0) ’e
5100

85

Loop Light Rear (Red LED) —
Men's Avenir Road Shoe
Ergo Tre Half Short |
Race Light Road Tube 700:18-25 =

ingle Serving Packet Montana Huckleberry —
Gel Single Serving Packet Banana
Loop Light Front (White LED)

Perpetuem Single-Serving Packets Caffe Latte _< ,L
Contact Tire [ P

Mannaggia Long Sleeve Jersey FZ - ‘l

Routes (511)
= Depot Visits (2)
21 —
Origin
Origin
Breaks (0) 2 ]

Application: Stocking a Shipme

* Add pack-slip table to ArcMap document
with geodatabase

* Join to Points file by product ID
* Query for points that host these products

* Add these locations to Vehicle Routing
Problem tool in Network Analyst

* Add routes to VRP, define depot as Origin
* Solve and display
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Applicatio O 0 3 DME
O
Network Analyst R X Table Of Contents 7 x
Receive Vehicle Routing Problem - 3¢B
E RIEE] | E
<Unassigned> (0) B = 4 Receive Vehicle Routing Problem
21022 -l Orders
) Uno Opticube ELO10 Headlight @ Located
) HL-EL135 Opticube Light Black Unlocated
@) HL-EI020 Hybrid Headlight @ Error
(©) Loop Light Rear (Red LED) M Time Viclation
() HL-EL530 Power Opticube ~F Depot Visits
) HL-EL135 Opticube Light White T_ W Located
) Adventure Digital Wireless Cyclecomputer [~ Depots
©) Reflex Auto Tail Light W Eror L
() Commuter Wireless Cyclecomputer [ Located
() Strada Wireless Cyclecomputer RD300W Black ?[JUnlocated ¢
(2 Strada CC-RD100 Cyclecomputer Black [ Point Barriers
(5) Strada Cadence Cyclecomputer @ Eror
() Strada Wireless Cyclecomputer RD300W White/Pink €3 Restriction
) V2¢ Double Wireless Cyclecomputer s ) Added Cost
(0 Strada Double Wireless CC-RD400DW Black Route Seed Points A :
() Loop Light Front (White LED) 3 Route Seed Points S
(@) Strada Double Wireless CC-RD400DW White =-F Routes E
() 2009 HL-EL530 Power Opticube = Routes 2
() Strada Wireless Cyclecomputer RD300W White M Line Barriers
() HL-EL450 Headlight = Restriction
(%) V3 Triple Wireless Cyclocomputer cmScaled Cost
() Velo 5 Computer VL510 =[] Route Zones
= Depots (1) Route Zones
[ Origin Polygon Barriers
Routes (511) [EJRestriction
= Depot Visits (2) z
=10 O 0D Cost Matrix
[ Origin = O Shelving
Origin ]

MY
VRPReceive
— —
FID | Shape® | ObjectiD Hame
Foint ZM 18 Uno Opticube EL0T0 Headiight
Point ZW 5 HL-EL135 Opticube Light Black
Foint ZW 1 HL-EI020 Hybrid Headight
Point ZW 10 Loop Light Rear (Red LED)
Foint ZW 8 HL-EL530 Power Opticube:
Point ZW § HL-EL135 Opticube Light White
Foint ZW 3 Adventure Digital Wireless C:
Point ZW n Reflex Auto Tail Light
Point ZW ) Commuter Wireless Cyclecomputer
Foint ZW 16 Strada Wireless Cyclecomputer RO300W Black
Point ZW 13 Strada CC-RD100 C Black
Foint ZW [B Strada Cadence Cyclecomputer
Point ZW 18 Strada Wireless C: RD300W White/Pink
Foint ZW 20 Vi2¢ Double Wireless C
Point ZW 14 Strada Double Wireless CC-RD400DW Black
Foint ZW 9 Loop Light Front (White LED}
Point ZW 15 Strada Double Wireless CC-RD400DW White
Point ZW 2 2009 HL-EL530 Power Opticube
Foint ZW 17 Strada Wireless Cyclecomputer RO300W White
Point ZW 7 HL-EL450 Headiight
Foint ZW 21 V3 Triple Wireless Cyclocomputer
Point ZW 22 Velo 5 Computer VL510
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Limitations

* Current topology point/line rules do not work
with 3D

» Simplified version of warehouse, paths

* ArcGIS and Access do not fully integrate

— Would need to create web application that
integrates with both ArcGIS and Access in order
to have Velotech staff & other users create a
warehouse, run and re-run analyses easily

Limitations

* Need to automate second part of product
distribution procedure, automate
importation of order/shipment tables

* Though Network Analyst can perform its

tasks using Z geometry, several issues remain:

— Network Analyst does not have full functionality
in ArcScene

— ArcScene does not provide for labels or
symbolization by sequence
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* We have developed a geodatabase structure
that can be used for our intended applications

* Much more work is needed in automation,
tool/model scripting, and development of a
user interface in order for real businesses to
use our product

* 3D display and analysis with ArcGIS 10 leaves a
lot of room for improvement

Questions?
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