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loT in Logistics
Sensing and Sensemaking during the Process
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Technology Push Logistical Needs
Mobile sensemaking: The end consumer / business customer / logistics
Smartphone provider must have transparency and integrity along
the supply chain to
Affordable sensors: - reduce losses and damage and
QR, NFC, RFID and loT - increase the utilization level
by
Connectivity: — monitoring shipments and shipping conditions
5G and IoT [LPWAN] of freightand
— optimizing logistics processes and the level asset
utilization.

Cloud computing:
New data services
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Transparency and Integrity along the Supply Chain

Automatic Identification of Transferred Freight

RFID , loT

Discrete tracking Continuous tracking

for
Container management
Prototype development
Serial production
Outbound logistics

Car distribution
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Long Supply Chains
Transferring Freight in Different Spatial Categories
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Freight transfer = Risk transfer

Shipment and shipping condition monitoring
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New Technologies for Better IoT Connectivity
Low Power Wide Area Network LPWAN

[iik Energy consumption

>

-

LPWAN

o)

Large coverage range
Stable radio connection
High energy efficiency
Low hardware costs

Continuous Connectivity
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WLAN
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WPAN LPWAN

BLE, ZigBee NB-loT
NFC LoRa, SigFOx
1\ J
>
Tm Range 15 km

Y f o« 'oe loOT device

Small coverage range
Broad band

Low latency

High security

< € 10 of investment
< 10 years of battery life
< €10 for operating costs/year
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loT Connectivity in Logistics Zones
Spatial Categories

w0 AII Data Power vs. Distance AII

Logistics hub (Leipzig/Halle Airport) Urban area (Berlin)
1 loT gateway at the airport center 9 loT gateways at prime locations
Outdoor connectivity: SF7 Outdoor connectlwty SF12 up to 55 km

]
5

Entfernung in [km!

0 500 1000 1500 2000 2500 300
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TRANSPARENT AUTOMOTIVE LOGISTICS
WITH 10T

1. loT in Logistics: Sensing and Sensemaking

2. The Service Cycle of an Automaker’s Pallet

3. Energy Optimization of an loT Tracker

4. Planning an loT Project
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The Service Cycle of an Automaker’s Pallet

(« K)))

Process Analysis

(« ")))

DELY
10-14

Parked truck

Automaker

Truck
monitoring

e ——

Shop floor 12

Supplier— S\

component

-
Supplier 3 component j

Supplier 2
component
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The Service Cycle of an Automaker’s Pallet
Outbound Logistics

Day 3 No GPS
Supplier 1 component inside truck/inside facility

Day 19 - 21
Supplier 3 component

loT Device <> Gateway Distance

Day 17 - 18
Supplier 2 component
Shop floor
10
OEM
Jun 01 Jun 07 Jun 13 Jun 19
Day
_——

~ Fraunhofer

IFF

© Fraunhofer IFF intern



The Service Cycle of an Automaker’s Pallet
Analysis in Shop Floor 10 to Reduce GPS Activation in the I0T Device

Duration (colour) vs. Samples (number) | Tracker Data 01.06. - 05.06.18

Cluster Size: 0.05km
52.4385 - —

- 30

52.438 - e

25

52.4375 eo

o 9 < " 16 GPS events at the same location
52437 - —
g <
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a
52.4365
o 12 GPS events at the same location
10
52.436 - 11 GPS events at the same location
5
52.4355
52435 1 1 1 1 1 1 1 ] 0
10.7818 10.782 10.7822 10.7824 10.7826 10.7828 10.783 10.7832 10.7834

longitude
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TRANSPARENT AUTOMOTIVE LOGISTICS
WITH 10T

1. loT in logistics — sensing and sense making

2. The Service Cycle of an Automaker’s Pallet

3. Energy Optimization of an loT Tracker

4. Planning an loT Project
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3. 10T Tracker Energy Optimization
Recommendations

GSM tracker loT tracker
flash rate flash rate

Communication GSM LPWAN

GPS tracking A-GPS _

¥
Wi-Fi tracking

r
M
M

WPAN tracking BLE

Acceleration

Other low-power
sensors
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loT Device Energy Management
Focus on GPS Consumption

Percentage power Number of Duration of
consumption/battery events/day event in seconds
Battery power 2500

Acceleration

in standby 2.28
Acceleration
active 1.52 24 120
LoRa in standby 0.53
LoRa active 4.67 96 0.1
BLE active 1.17 24 2
loT PCB 3.50

98.88

m Akku Reserve m GPS Fix m ACC Standby = Acc Active

m LoRa Standby m LoRa Active  m BLE Active m |oT-Platine
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Operation Modes of an loT Device
loT Tracker’s Tracking Mode Optimization

Periodic transmission Q Q9999999 QPPQPPPPPPROPPROPROPPOPQQ,

of GPS events
i @

Transmission of 0099990990909 9999909999090099999999¢9
movementeny B - 1IN
pifferentiation 9999999 99 10090 009 999
between GPS and BLE : o1 : i A
movements E Lo i ! | ! | |
Transmission of Q =) Q | Q iQﬂ : i 1Q Q9! )
start/stop events only : o | E E ! i E
Resulting events Q Qi iQ EQE | i EQ QEQE b Q.

(low-power mode)

10 activity events!
6 GPS events

32 activity events
32 GPS events

Uy Oj,
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loT Device Operating Modes

Secondary Effects of loT Tracker Analysis

a) GPS geolocation in a facility with low absorption

b) Tropospheric propagation in communication uplink

c) [No GPS, activity] > operating mode in a facility

d) [No GPS, no activity] - storage

e) Short duration + identical GPS geolocation - pallet handling

f) Long duration + identical GPS geolocation - storage
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LoRaWAN Communications Strategy

Use Cases with Different Spreading Factors

Payload 20 byte 20 byte

Time on air 49 milliseconds 313 milliseconds
Battery life 202 days 44 days

Duty cycle 30 seconds 30 seconds

7 LoRa Modem Calculator Tool |
Calculator | Energy Profile
Calculator Inputs Selected Configuration
LoRa Modem Settings VR PA
Spreading Factor -
Banduidth 125 v kHz Lie LAAL
T
Coding Rate 1 ~ 4/CR+4 RFI [
Low Datarate [ Optimiser On =
Packet Configurati
: on Preamble Payload ‘ CRC |
Payload Length 20 2| Bytes
Programmed Preamble & 2| Symbols Calculator Outpuis
Total Preamble Length | 10.25 Symbols Timing Performance
Header Mode [ Explict Header Enabled Equivalert Birate 976.56 bps Time on Ar 213,34 ms
CRC Enabled Enabled Preamble Durstion |83 57 ms Symbol Time 2.19 ms
RF Seltings
Certre Frequency 868300000 ] e RF Performance Consumption
Transmit Power 17 =1 dBm Link Budget 149 dB Transmit 50 mA
Hardware Implementation | RFIO is Shared Receiver Sensitivity |-132 dem  CAD/Rx 102 mA
Maxx Crystal Offset |26 ppm Sleep 100 nA

Compatible 5X Products 1272, 1276

SF=10, BW=125kHz, CR=4/5 HeaderDisabled, Preamble =10,25 syms Payload = 20 bytes, Transmit Power = 17 dBm

Semtech LoRa Calculator

\

Z Fraunhofer

IFF

intern



TRANSPARENT AUTOMOTIVE LOGISTICS
WITH 10T

loT in Logistics: Sensing and Sensemaking
The Service Cycle of an Automaker’s Pallet

Energy Optimization of an loT Tracker

H W N o=

. Planning an loT Project
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Planning an loT Project
loT Campaign for Logistics

Draft
specifications:
- QoS

:_s_?\rn 200He Adopt loT - Use case launch
- loT device
- Uplink
- App

Install and Benefit

Requirements:

- Use case with business model
- Useful 10T device with app

- Accessible LPWAN uplink
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loT Project Planning
loT Connectivity

/

Network plan

o Nelt;iiﬁqr_j

/

Connectivity test

Productivity check

Airport Navigation

Dolly position is stored
on the airport server
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loT Pallet Project

Smart Devices around the loT Pallet

Internet access

loT Smart Watch = ———
Handsfree HMI B‘;ﬂsﬁji
‘E\\ \..I ‘ -
'_ 5 ‘ | l] e ‘
Smartphone \ 2 ]

ePaper Node
Integrated sensor tracker
Recorded alerts

Viktoria Kuehne®

loT Box
Sensing

Indoor tracking
Outdoor tracking
LoRa uplink

‘A?VC
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Step-by-Step Plan for Data-Driven Services

Role of Data Governance

Value added service

A

Big data — Smart data

>

Data governance

A

Device management/connectivity
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Fraunhofer Institute for Factory Operation and Automation IFF

Sandtorstrasse 22
39106 Magdeburg
Germany

Hon.-Prof. Dr.-Ing. Klaus Richter
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