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Warehousing and Inventory
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Complexity of Logistics Inventory
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Importance of Inventory

Inventory-Related Business Decisions and Key Performance Indicators
* Purchasing

* Sales

* On Ti_me Delivery Manufacturing: Types of Inventory
* Lot Sizing  Raw Materials

e Safety Stock, shrinkage * Work In Progress

* Depreciation * Finished Goods

* Inventory Transport & Carrying Cost  « Goods in Transport

Inaccurate inventory causes customer complaints, lost sales, and
penalties of various types.
The cost to keep accurate inventory is VERY HIGH!
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Manual Inventory Count

Common Set-Up:

* Packages labeled with barcode

* Worker/Sales Rep equipped with
barcode scanner/printed sheets
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Semi-Automating Inventory Tasks

Set-Up:
* Packages tagged with RFID
* Vehicle equipped with RFID reader, antennas, tag printer

* MAIN ADVANTAGE: VEHICLE RECORDS INVENTORY RFID
WHILE PERFORMING PICK & PLACE TASKS
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Dock Door Scan & Display

* Captures inventory moved into
truck

 Compares to shipping plan
* Displays items
* Touch screen allows modifications
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] ()Refresh  Q Filter

# Tag Management SGTIN's

105104 Records o« il s s L 02 ow o
SGTIN Filter Quantity Catalog ID with Quality Level and Serial Number
204020.0091194.0 Item 1 0402009119-4-0000000000
204020.0091204.1 Item 1 0402009120-4-0000000001
204020.0091204.2 Item 1 0402009120-4-0000000002
204020.0091214.1 ltem 1 0402009121-4-0000000001
204020.0091214.2 Item 1 0402009121-4-0000000002
204020.0091214.3 ltem 1 0402009121-4-0000000003
204020.0091214.4 Item 1 0402009121-4-0000000004
204020.0260504.1 ltem 1 0402026050-4-0000000001
204020.0260514.1 Item 1 0402026051-4-0000000001
204020.0260524.1 Item 1 0402026052-4-0000000001
204020.0260534.1 Item 1 0402026053-4-0000000001
204020.0260964.1 ltem 1 0402026096-4-0000000001
204020.0260964.2 Item 1 0402026096-4-0000000002
204020.0263264.1 ltem 1 0402026326-4-0000000001
204020.0263264.2 Item 1 0402026326-4-0000000002
204020.0263264.3 ltem 1 0402026326-4-0000000003
204020.0263854.1 Item 1 0402026385-4-0000000001
204020.0263854.2 Item 1 0402026385-4-0000000002
204020.0263934.1 Item 1 0402026393-4-0000000001
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Automating Inventory Tasks

Common Set-Up:

e Packages tagged with RFID

 Drone equipped with RFID reader, antennas

Inventory tasks automated using RFID-UAV System

RFID tags placed on various packaging materials & shelves

* Tags read by RFID reader/antenna mounted on UAV

e Data transmitted to local computer or cloud

e Collects and processes inventory data in real time

* Autonomous flight path with people/vehicle coordination
* Automatic data verification and security

* Steep Learning Curve for drone operators and workers ¢ %0 tralectony Foi
| ]
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Indoor Package ldentification [1,14]

Received Signal Strength Identification (RSSI)

e Strength of RFID tag reading is used to locate its
position

* Signal strength map overlay warehouse layout

* |dentification of rack number, tag lateral location,
rack-level

* Interference from environment is common

* Reading Inaccuracy can be corrected using machine-
learning visual matching

* Drone hover-scan time can be reduced quickly

* Drone limitations: battery, safety

* Significant technology ROl once established @ ®
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Conceptual Possibilities (Simulated)

Tracking of perishable items [7]
e Utilizing RFID and dielectric tags in tandem to check i i i T
freshness of bottled items when conducting inventory

Scan range

‘Fi’

Autonomous path planning and decision making [11] ;ﬁ | !\ Bl il /' i /‘ |
* UAV path planning utilizing RFID tag-based localization | %l
algorithms | \|/ A : ""‘
RFID/tags PP:%Z

Cooperative robotic missions [12,1]

 Unmanned ground vehicles (UGV) or RFID robots working
in tandem with UAVs for faster RFID inventory
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Outdoor Inventory Management

Open storage areas

e Stockyards and construction sites

* Ports

* |Inventory location may be unpredictable

 Wide open areas cause inaccurate
positioning systems; rough GPS data used

 Environmental Hazards e.g., vehicles,
cranes

* Drones and electronic equipment subject
to rough weather conditions
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Current Technologies

Squadrone System: Apach Drone with RFID Load [6]

Andromeda Systems Incorporated: ADVISOR Drone [1]

el RFiD
il

) JOURNAL

PO G AT LIVE!



Examples of Current Technologies

Exponent Technology (https://exponent-ts.com)
DJI Drones carrying RFID reader
Example video of taking inventory of new vehicles at a parking lot

Seeker
Indoor drone with autonomous path carrying camera
https://www.modalai.com/pages/seeker-autonomous-indoor-

drone
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Dependent Variables

Localization Techniques

Tag Position Estimated
Recurrent Neural Networkgs coordinates of the
* Predicts tag position using the independent variables targeted tag
on the right and neural network with a short-term
memory of previous variables Independent Variables
K-Nearest Neighbors algorithm Drone Position Position of Drone

* Predicts position with machine learning algorithm
that assumes similar independent variables indicate

taken from GPS

similar tag positions Drone Rotation Rotation of the
SARFIDy drone, as rotation
e Uses precise drone position, RSSI readings and the can affect RSSI

assumption of immobile tags to calculate position on

the scale of centimeters RSSI Measured returned

signal strength of
RFID tag
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Cal Poly PolyGAIT R&D Center

Outdoor Equipment Inventory
Using
UHF RFID
Artificial Intelligence & Machine Learning
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Problem Statement

Outdoor inventory tracking is expensive,
inefficient, and unreliable for many
companies

Inventory shrinkage is high (e.g., US
military shrinkage estimated at $5.8B)

Emerging UAV/RFID technology
enables solutions for inventory tracking



Background

Billions of dollars worth of
inventory and equipment is stored
in outdoor spaces in many
industries

It is often costly and inefficient to
manage and count the inventory
on a regular basis

Outdoor environments pose a
unigue challenge because of the
vast areas that need to be
managed




Literature Review

Computer Database
Data is transmitted into the RFID database
where it can be stored and evaluated.

RFID Tag
RF'D Reader Attached to assets to
Connected to the antenna \\\\ transmit stored data

to the antenna.
wirelessly and receives data

from the RFID tag. l '{ﬂ

b Antenna
Receives the stored data from the tag and

transmits that data to an RFID reader.

Basic RFID System RFID - Radio Frequency Identification

Enables wireless information/data
transfers of tagged objects
Basic system components

o Tags
o Antennas
o Readers

o Databases
o Data Transfer Infrastructure
Sensors and |IOT Extensions



Literature Review

PRODUCT STRUCTURE

NEW STYLE PROPELLERS ﬁ
HIGH SPEED MOTORS

B 5

[ 7

OBSTACLE SENSING ————3

INTELLIGENT FLIGHT

BATTERY

=

VISION POSITIONING

SYSTEM

INTEGRATED GIMBAL CAMERA

SYSTEM

SCHEDULING

4K HD CAMERA

INTERFACE

MICRO SD CARD SLOT

UAV - Unmanned Aerial Vehicle

Military roots
Basic System

o Flight computer

o Stabilizer

o Camera (w/Gimbal)

o Mission control

o Com. System w/Ground Control
Paved the way to automated flight
activities
Potential for application in inventory
management



Literature Review

Machine Vision

e Subset of Artificial
Intelligence and Machine
Learning

e Algorithms are frained on
vast libraries of images

e Could be used to program
flight automation entirely

e System could chart its own
flight paths based on object
classifications probabilities
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Possible Solution Directions

RFID and Drone Integration
with Pilot: Fully Manual
Solution

« RFID Scanner
mounted on drone

« Pilot defined flight
path

RFID and Drone Integration
with Pre-Planned Flight Path:
Semi Automated Solution

/) 7
< Flight creation 7 \/»

eeeee

« UAV

« RFID Scanner
mounted on drone

 Predetermined
flightpath using
sofftware

Fully Automated
drone/RFID Integration
with Machine Vision: Fully
Automated Solution

: Drone '
<o . - . =
. o _h ‘ - " y |

o
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Selected Solution

Fully Automated drone/RFID Integration with Machine Vision

Chosen via AHP analysis yielding the highest score.

e JSystem
o VAV "
o Light RFID scanner mounted on & _“ . %
drone s
o Automation via image f yg-z':::“:""'/
recognition technology |
o Benefits
o Automation
o Scalability
o Sustainability
o Practical Implementation
o Promising ROI




Experimental Design

Factors
« Manual drone
* Fully manual

Response
« Time (sec)

« Experimental Process
» Takeoff drone

« Scan each inventory item (vehicle) with RFID &
computer vision

« Experimental analysis
« One-way ANOVA




Experimental Simulation

e Simulation using

accurate data
o Coordinates
o Distances

—

e Data collection at

each vehicle/asset
o RFID scan
o  Probability
associated to
object recognition
o Image of asset

e T[ime data
Re o 6second RFID

scan within 20 feet
of asset

o Normal distribution
of time data
based on
experiment



Experimental Analysis

» The difference between
the drone and walking
was statistically
significant at a 95%
confidence level

 Mean of the drone fime
was approximately
40.793 sec and the
walking fime was 90.946
sec

* The drone fimes were
on average 55% faster
compared to the
walking times

Time (sec)

110
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30

20

Interval Plot of Time (sec) vs Run Type
95% CI for the Mean

Drone Walk
Run Type

indard deviation is used to calculate the intervals

Analysis of Variance

Source DF AdjSS Adj MS F-Value P-Value
RunType 1 50414 50414 38.02 0.000
Error 78 103431 1326

Total 79 153845




System Overview

¢ LEBU 107737 O
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Computer Vision

CAM

Favorites

Dashboard

Assets

Projects

Finance

Timelines

Orders

Analytics

Settings

vehicle 0.89

CHEVRON STATUS DASHBOARD

WELCOME TO CHEVRON'S ASSET TRACKING AND INFORMATICS
MICROSOFT APP. PLEASE CLICK ON ANY OF THE BUTTONS TO THE LEFT TO
ACCESS DESIRED SECTIONS.

human

energy" _»
company”’

CREATED BY CAL POLY'S SENIOR PROJECT RFID TEAM WORKING TO
ENHANCE OUTDOOR INVENTORY TRACKING SYSTEMS UTILIZING DRONES
AND RFID TECHNOLOGY.




Conclusion

« UAV/RFID system integration with
Machine Vision is a solution to inventory
tracking needs in outdoor areas

 Direct solution to inventory shrinkage for
companies holding inventory outdoors

« Promising platform for automation &
Scalabllity



Paper No. SPE-190014-MS
Use of Drones for Oilfield Equipment Inventory

Tali Freed, Professor, Industrial and Manufacturing Engineering Department
Mason Medizade, Professor, Mechanical Engineering Department
Allen Duong, M.Sc. Mechanical Engineering Candidate
California Polytechnic State University, San Luis Obispo
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Inventory of Oilfield Tubulars

Across large fields JW@T & BN BN S
T O KNS

din 4 [" "

Labor Intensive Inventory

Paper No. SPE-190014-MS Use of Drones for Qilfield Equipment Inventory Tali Freed
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RFID to the Rescue

Passive UHF RFID

Tag cost = S0.15

Adhered to pipe cap
or to foam insulator

RFID reader on UAV

Paper No. SPE-190014-MS Use of Drones for Qilfield Equipment Inventory Tali Freed
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ALTI: 0000.0 M

Experimental Flight Range

Read range testing

Zip ties for tag attachment

Promising results — 12’
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Experiment #2 — Reading Reliability on Oilfield Tubulars

Santa Maria Holdings Site
Oil drilling pipes

Tags on insulation strips

Results: 3m 100% read 2 minute
hover time

Paper No. SPE-190014-MS Use of Drones for Qilfield Equipment Inventory Tali Freed
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Experiment #3 — Reading 2 Tag Types

Oilfield Tubular Simulated Test
3 Location: California Polytechnic State University — Agricultural Fields

Cal Poly Experimental Site e -

PIPES PIPE 7

Insulated hot water pipes

Insulated tags on metal
Labels on pipe insulation

Results: 2.5m 95% read
2 minute hover time

Paper No. SPE-190014-MS Use of Drones for Qilfield Equipment Inventory Tali Freed



Number of Tag Reads — Reading Reliability

Variability is common
Experiment with tag types

Experiment with insulation

Results: 2.5m 95% read
with adhesive,
100% read of paper tags

Paper No. SPE-190014-MS Use of Drones for Qilfield Equipment Inventory Tali Freed

Pipe Number

(Distance: 2.5 meters | Duration: 160 seconds)

Pipe RFID Tag Reads

70

| 19

28

[ 6]

25

37

30

31

29

62

1

Tag Type

@ Paper

@ Adhesive

130

54

50

33

Number of Reads
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Optimized Route (TSP)

Similar to Autonomous Robot
Collision Avoidance

Low Battery Crash Prevention
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Autonomous Navigation, e.g., Mission Planner

# Mission Planner

ARDULPILOT Mission Planner Home

Versatile, Trusted, Open

TERMMNAL 3

n Planner Over
on Planner (Windo

eontob
ilot firm

n Planner Feature

n Planner Buildir

The Mission Planner, created by Michael Oborne, does a lot more than its name. Here are some of
the features:

e Point-and-click waypoint/fence/rally point entry, using Google Maps/Bing/Open street
maps/Custom WMS.

e Select mission commands from drop-down menus

e Download mission log files and analyze them

e Configure autopilot settings for your vehicle

e Interface with a PC flight simulator to create a full software-in-the-loop (SITL) UAV simulator.

e Runits own SITL simulation of many frames types for all the ArduPilot vehicles.
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PolyGAIT RFID-UAV Studies

Investigated RFID-UAV time limitation [4]
*10 min to scan a 293-acre pasture

*Area divided into hexagons
*Hover time of 1 second for RFID
capture
*GPS data matched to RFID
*Cattle location identified
*Replaces searching for lost cattle on
foot or ATV

RF:D

nan LS

eeeee | JOURNAL @) )
or Global Automatic

entification Technologie:
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RFID for Domestic Animal Tracking

RFID tagging is common in the agricultural and farming sectors

Existing RFID tag reading methods:
* Hand-scanning low-frequency tags
e Strategically placed readers

Current RFID tagging system limitations:
* Limited data points can be gathered

* Large rangeland environments

* Close distance necessary to scan tags
* RFID tags for bulls often fall off due to aggressive behavior
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RFID & Livestock Management

*Ear tags amongst the most
common cattle RFID tags

methods
*Ear tags are typically low-
frequency with short reading
distance (few inches)
*Some ear tag options
are UHF
*Two types of RFID readers:
mounted static readers,
mobile (handheld or wand)
readers

Above: Example
of a Static RFID
Reader Unit

Left: Ear-tagged
cow read with
RFID reader wand
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Industry RFID UAV Livestock Tracking Systems

UAVs have become popular tools within
the livestock industry

Farmers in Australia/New Zealand are

using UAVs to herd cattle [21]
e Removes the risk associated with

manual herding via all-terrain

vehicles
e Allow for remote operation and

herding activities

N RF:D [@
II JOURNAL == MAY 17 - 19, 2022,

PO G AT

LIVE! ;="K



Lab Tested RFID UAV Livestock Tracking
Systems g

Si
Technical challenges depend on UAV type %“1
* Multi-rotor: ‘ m
R n
‘N

-

* Pros: high maneuverability and altitude changs
* Cons: battery life limits area covered ] |

* Fixed wing: PN S f %\
o . 11 1 E ‘ Sl +2
Pros: efficiently cover wide areas SN Nrr—

* Cons: require high altitudes for flight ..ﬁ‘. ________
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Challenges of Animal Tracking RFID UAS .

* Legal Flight Regulations
* Animal Welfare
* System Cost
* Limited battery life
e Particularly problematic for multi-rotor UAVs
* Payloads further decrease battery life
* Environmental factors
* Both natural and manmade obstacles
e Operational logistics
* Paperwork, pilot training and equipment maintenance
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PolyGAIT UAV Cattle Behavioral Study: Setup

*UAV used: DJI Phantom 4 Pro V2.0
*Smaller than RFID-equipped UAV
*Average flight time: 30 min
*Visual data collected from on-
board camera

*Two factors tested in a randomized
block design
*Direction of approach (front, back)

*Height above ground (3m & 6m)
*Data blocked by individual cow

C "
for Globacln/t%clitomatic IOURNAL

POLY GAIT Identification Technologies

—
=
——

-

W.H‘

=

o ¢

( “D“

Above: DJI Phantom 4
Pro v2.0 UAV used in

testing

Left: Visual diagram of
initial experiment
design, each color
denoting a unique run

MAY 17 - 19, 2022




PolyGAIT CATTLE RFID-UAS Study

Development of a UAS for cattle monitoring using

visual images, UHF RFID, and GPS data

* Decrease in manual labor time and faster data
collection

 Development of a machine learning system for
cattle counting

 Development of GPS data streaming platform

Preliminary study into cattle fear response to

multi-rotor UAVs of different sizes at various flight
altitudes
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UAVs & Animal Behavior

*UAVs known to disturb wildlife, specifically when flying in target-oriented flight

patterns
*Similar distress responses observed in large guanaco herds

*No significant behavioral effect on 2-year-old cattle when flying 9 meters AGL with a

single UAV
*Repeated flights over multiple days resulted in acclimation to UAV presence
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PolyGAIT RFID-UAV Cattle Study: Setup

*RFID tags: Avery-Dennison Dogbone
*UHF passive tag (950-960 MHz)
*Max range: 12m, 8 sec to read

*RFID system: MiniStock
*Developed by Process Expert
*Long-range UHF RFID reader
*Wifi equipped for instant data
transfer

*UAV used: DJI S900

(discontinued, comparable to DJI Matrice)
*Hexacopter design
*Unburdened flight time: 20 min

e e () MAY 17 - 19, 2022
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PolyGAIT RFID-UAV Cattle Study: Setup

*Passive UHF RFID tags placed on cattle collars
2 tags placed on each collar
Collars provided insulation from cow body
*Tags placed in different orientations to
maximize likelihood of read

Left: RFID tags placed on
leather cattle collar

BN

Right: Demonstration of A
cattle collar on heifer e
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el s = MAY 17 - 19, 2022

POLY GAIT Identification Technologies I I I ' W



PolyGAIT RFID-UAV Cattle Study: Setup

*UAV fitted to carry RFID

system
*Secondary power-bank
attached to power RFID
system onboard UAV
*Cell phone hotspot
provided wifi connection for
live/in-field RFID data
transfer without landing

RFiD
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PolyGAIT RFID-UAV Cattle Study: Testing

*Small four-cattle herd used for testing
*Docile cows, all frequently handled
*Two 9-month to 1-year old heifers collared with tags
*Additional two heifers not tagged

*Quiet, small pasture location

*Two UAVs flown simultaneously at unique altitudes
*DJI S900 for RFID data collection
*DJI Phantom for visual reconnaissance

RFiD

JOURNAL

CAL POLY
Center
for Global Automatic
Identification Technologies
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PolyGAIT RFID-UAV Cattle Study - Results

*Cattle initially wary of UAV presence
*Exhibited nervous behavior (increased vigilance, movement away from the UAV)
*No extreme stress behavior (no vocalization, hoof stamping, etc.)

Uit =) MAY 17 - 19, 2022
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PolyGAIT RFID-UAV Cattle Study - Results

*RFID data successfully collected from both tagged cattle
*Cattle quickly acclimated to UAV presence (~2 minutes)
*Successful RFID reads 6m AGL

Uit =) MAY 17 - 19, 2022
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Conclusions & Future Directions

* Drones are very useful for image-based capture of inventory
* Machine learning techniques enables cost-effective inventory count

* RFID Drones are very useful for static and dynamic inventory at large open spaces
 Examples of outdoor inventory include equipment, materials, vehicles, animals,
plants
* Indoor RFID drones may be hazardous and have low ROI
* Challenges: Data capture, autonomous routing, and collision avoidance, &
collaborative operation software development
Additional challenges: Risk and Cost

* Nevertheless - bright and exciting future ahead
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The Need for Precision N\ 4
Agriculture \ /R

* National freshwater shortages are concerning the
agriculture industry

* Improving irrigation efficiency would product
similar yields for less water
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The Importance of Soil Moisture

A crops yield, quality, and lifecycle can be
directly affected by its soil moisture

Soil moisture determines: o
 When to sow crops

How machinery affects the crops
 When a potential drought is incoming
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Active Research in RFID Precision
Agriculture

New innovations in RFID technology allow an
effective low-cost alternative to traditional

SeNnsSors s

 Smart Active Labels (SALs) RFID tags can
communicate with microcontrollers and
Sensors
e Effective: 0.99 correlation between

calculated and actual values
* Cost: Each unit approximately costs S10.
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RFID for Plant P ArbreScan: Autonomous Inventory T..
Nurseries

* Arbre Technologies
* RFID Tags

* measure plant
growth

e Arbretech.com
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Conceptual: The UAV Connection

UAVs would be used in

conjunction with RFID SALs, to

create a network of remote g

sensors [13]

* The drone transports the e~ @) DERLGE

receiver and its gathered data ( Y

* The UAV can collect readings : |

N

without disrupting the RFDTag (RS
I 7 \ *Lx
budding crop AR HEN
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Industry Application: Senitron RFID
Solutions

e Senitron uses RFID tags to track

inventory and growth in plant '
nurseries [19] Bt 12 i e of AW Lok g

"."_ -
»

* End-to-end solutions including:
* RFID equipment
 Unmanned Aerial System
» Data Collection/Inventory

Software
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Wildlife and Domestic Animal Tracking

) MAY 17 - 19, 2022

LIVE'W



RFID for Wildlife Tracking

Traditional wildlife tracking methods involve tagging o
captured animals, which are then read upon recapture
* External tags: bands, collars
* Internal tags: passive integrated transponder (PIT)
microchip
Integrating GPS and/or RFID technology into tags allows
for animal movement to be more thoroughly tracked
* Behavior patterns can be more continuously
monitored

* Physical recapture is no longer necessary to track
wildlife movement
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RFID Wildlife Tracking Systems

Motus: Canadian-based wildlife tracking organization

that uses automated radio-telemetry technology to

monitor wildlife movement and behavior [17]

* Nano-tagged animals are tracked through a
network of towers
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1. Tag

Industry RFID UAV Wildlife
Tracking Systems

Wildlife Drones: Australian-based company 2 Attach
developing tracking systems for commercial UAVs it e
[25] :

* VHF radio transmitter tags
* Real-time tag reading _
e Capable of reading 40 animals at oncel#®

Tag the animals you would
like to track with the VHF
radio-tags of your choice.

3.Fly

When the drone is flown,
the radio-receiver will
listen for all tagged
animals within range.

e System attached to existing commercial drone 4. View
* Conservation-oriented o secaveris hen
* Expanding into agricultural animal tracking sow te ovations of yout

animals live on a map.
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