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FLUIDMESH

Company Background
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Founded in 2005 by a team

_ of researchers from MIT
[ Lima ]O and Politecnico di Milano.

Global Partnerships 6 Continents 75 Countries
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FLUIDMESH

FLUIDITY™

Why do you need connectivity on cranes in a container terminal?

Remote Control
(RTG/RMG)

Autonomous
Operations
(AGV/ASC)

TOS/Positioning

Live Video
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FLUIDMESH

Demand for connectivity in Automation

...... VEHICLECONNECTIVITY

EQUIPMENT AVAILABILITY%

$ PROFITABILITY
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FLUIDMESH FLUIDMESH PRODUCTS

FLUIDMESH HARDWARE
2.3-2.7, 3.3-3.65, 4.9-6.0 GHz

ol 3 -
§ —
FLUDMESH | FM1200 | FM1300 | FM3200 | FM3200 || FEM
PONTE . VOLO : OTTO . BASE . ENDO . 4200/4500
| = = i MOBI
Transportation
Radio
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FLUIDMESH

ABOUT FLUIDMESH

FIXED ARCHITECTURES

- Point-to-point

Point-to-Multipoint U
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FLUIDMESH

FLUIDITY™

FLUIDITYT™MNETWORK TOPOLOGY
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FLUIDMESH

Container Terminal / Intermodals Operations

Telemetry/Safety 10

Cameras on RTGs and
Straddle Carriers for remote
operations

Fail Over System for Stacking
Cranes Fiber Spools

AGV Vehicle Connectivity for
full automation

Reduce Costs by Removing
Fiber Spools on Cranes

Facilitate moving cranes
between blocks

Backbone network for WiFi
APs for mobile
workforce/handheld devices
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FLUIDMESH

Container Handling Vehicles requiring Wireless Connectivity

Wlde Span RMG
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FLUIDMESH

ABOUT FLUIDMESH

WE SUPPORT ALL IP DEVICES

IP & Megapixel Thermal Cameras Audio & Voice
Cameras over IP (VolP)

Enterprise
Backhaul

EMERGENCY
PHONE

Emergency Access Control Access point
phones over IP Wi-Fi

Substation
Automation /
SCADA
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FLUIDMESH ON THE GO

Video and Data streaming from vehicles is difficult

Usable Throughput

<10 Mbps 10-100 Mbps
GPRS
10-300 UMTS
Km/h 3G
= LTE
@
)
;
<10 Wi-Fi
Km/h Wi-MAX
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FLUIDMESH TECHNOLOGY

PRODIGY™ 2.0

Reliable wireless transmission for mission-critical applications

« MPLS-based transmission protocol;

» Build-in in-depth packet inspection
algorithm to assign a specific level of
priority and reliability to every packet
transmitted,;

* Robust in high interference areas;

 Low latency and jitter;

« Fast Roaming for Mobility Applications.
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FLUIDMESH

FLUIDITY™

GOING FAST IS HARD: FLUIDITY CROSS-LAYER APPROACH

Network Layer

MAC Layer

Physical Layer

* IP address management
* Handoff & reachability

»  Service disruption

*  Quality of Service

Make/confirm before break
MPLS-based network reconfiguration
MPLS tables are modified seamlessly

* no packet loss during handoff on network

update
2 patents

* Rate selection
Handoff
* Acquisition

Mobile initiated handoff
Background monitoring RSSI from APs
Select best pairing & notify handoff to net
Predictive rate selection

* 1 patent

*  Doppler effect
»  Signal distortions
* Channel coherence

Larger guard intervals
MIMO-OFDM

*  2x2 MIMO is more predictable
High gain directional antenna design
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FLUIDMESH

FLUIDITY™

Advantages

handoff time

30% Less Wayside
w0500 Mbps ’ Y
Ser vehicle Infrastructure
High Gain Antenna Technology
Oms 99.999%

network availability
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FLUIDMESH System Design

1 Gb/s Trackside Network Roadmap

Gigabit
Wireless

. A Trackside

Up to 1.5 Gb/s

Up to 500Mb/s

Up to 160 Mb/s

2015 2016 2019
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FLUIDMESH

FLUDITY

FLUIDITY: Typical Network Topology

BACKBONE

’7 Fiber/Copper
'}-‘ FM3200 Base "’
® ]

T

Microwave

xDSL
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FLUIDMESH FLUIDITY™

Fluidity: Handoff Time is KEY (Patent no. 8,355,368)

E E

Fluidity |

0 milliseconds lossless handoff.

Controller
Based Mobility

802.11 Wi-Fi

0 100 200 300 400 500 600 700
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FLUIDMESH

Depot Broadband Wireless for Vehicle Fleets

Upto1l.5
Gbps of
Aggregate
Throughput

FLUIDITY

Telemetry and
Automation
(Profinet)

On-board Video
Surveillance

Wi-Fi Backbone

« POWERFUL WIRELESS BACKHAULING Copyright © 2005-2013 Fluidmesh Networks, LLC.



FLUIDMESH

Wi-Fi: LIMITED THROUGHPUT DUE TO LACK OF CLIENT
COORDINATION

Throughput
per Wi-Fi
Client Sharp drop in performance due
to channel collisions and
overhead

Number of clients per Wi-Fi Access Point
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FLUIDMESH

FLUIDITY SERIALIZED AND COORDINATED ACCESS ALGORITHM
MAXIMISES CHANNEL USAGE MINIMISING OVERHEAD

Throughput
per Client

Fluidmesh: No exponential
decline due to overhead and
conflicts

P

Number of clients per Access Point
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FLUIDMESH

TECHNOLOGY

FMQuadro™

Savelayout | | Load Saved Layout

Map Settinga: OvagMap | icale z Transoarancy

Interactive network manager

Fluidmesh 2200 Configurator

ELUIDMESH
S 5.4.80.208 - MESH POINT MODE

Frequency Scan Tool

GENERAL SETTINGS

Scan on Radio 1 Scan on Radio 2

SCAN TOOL (7]
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FLUIDMESH FM 4200

ONBOARD - FM4200/FM4500 MOBI TRANSPORTATION RADIO

QMA connectors

- O N O e S .

‘M &m’““ 4200010002

CEFALLT > 1348010 mesni: 5 0. 87.94
BEFART SR wons same e

Transportation Standards:

« EN50155
« EN50121-3
Redundant 48V « EN50121-4
DC input * EN45545 (Fire)

« AREMA11.5.1

« |EC 60571
/ . EN50129 (CBTC)
Gigabit PoE M12 connectors
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FLUIDMESH ON-BOARD ANTENNA

TRACKSIDE OMNIDIRECTIONAL ANTENNA

e 12 dBi 2x2 MIMO Omnidirectional Antenna

FM3200ENDO-OMNI-
12

\

Dimensions: 3.3 Inches
(Diameter) x 23.6 in (Length)

12 dBi Gain

« 2x2 MIMO provides highest predictable datarate in outdoor mobility
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FLUIDMESH

ON-BOARD ANTENNA

Horn High Gain ANTENNA

. 10 dBi 90deg X 90deg 2x2 MIMO Horn Antenna

13 dBi 60deg X 60 deg 2x2 MIMO Horn
Antenna
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FLUIDMESH PROJECT

ROAMING AND HANDOFF

<

Fiber Backbone

B

Fiber Backbone
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FLUIDMESH

Wireless V2V — V2| Network Infrastructure

On-board Video ol Emergency

Telemetry and

: Communication
Automation

Surveillance
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FLUIDMESH PROJECT

RTGs Radio/Antenna Setup (Two Radios)

Fiber Backbone

Fiber Backbone
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FLUIDMESH

PROJECT

ASC Radio/Antenna Setup (One Radio - Multihop)

Fiber Backbone

‘
=
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<

Fiber Backbone

®
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SNR (dB) .

Throughput (Mbps)

LER (%)

90000 | . 1
75000 F | ]
60000 F GPS serial device: |ffcommo ‘ ]
45000 F ‘ ]
i . |etho
30000 F Network interface: ‘ ]
15000
0 UDP port: 30000

FLUIDMESH

Fluidmesh Commissioning Tool

L %

Device Settings ‘

| Cancel | OK

il ! 1 N 1
15:21:40 15:21:42 15:21:44 15:21:46

5.2.31.45
5.11.67.108
5.2.31.49
5.2.33.183

Throughput

98000 Kbps
TX 29400 RX 68600

RX Rate

135 Mbps
MCS 06 HT40 SGI

TX Rate

180 Mbps
MCS 12 HT40 SGI

TXL.E.R.
26 %

Real-time data performance
visualization

Performance KPI capture for
post-processing

Parameters Logged:

Throughput

Link Error Rate

SNR received from trackside
radios

Modulation and coding
schemes

GPS position

Handoff
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FLUIDMESH PROJECT

MAP OF TRACK

3B - 50881258 7 >:0:88.151 "2A - 5.0.88:150
: _ 3A.-1510188.153 1A"=/5:0.88.224
4A - 5.0.88.148

1B - 5.0.88.223
4B - 5.0.88°155 0.62 mi
; 1 Km 0.62 mi
o : 0.93 mi 1 Km ,
“5B - 5.0.88.229  5A - 5:0'25.167 1.5 Km
. F 0.93"mi 1.24 mi
! 6B -"5'5.89.195 1.5 Km| 2 Km
6A;‘= Sao.g(}.l.g? 0.49 m| A - ',-
# 0.8 Km
i 1.24 mi
2 Km

Tot coverage area: 6 miles / 9.8 Km
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FLUIDMESH PROJECT

MAPS OF TRACK

0 2(;15 Google # &% / T A, > -65 dBm
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FLUIDMESH

PROJECT

RSSI PLOT + RSSI ENVELOPE

Filtered RSSI
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FLUIDMESH SYSTEM DESIGN

Container Terminal — Conceptual design

Max Number of RTGs: 8-12 Horizontal spacing lightpoles: 120m
Max Bandwidth per RTG: 30 Mbps Vertical spacing lightpoles: 220m

Number of lightpoles: 4
Redundancy needed on Trackside
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FLUIDMESH SYSTEM DESIGN

Container Terminal — Conceptual design

- - i £
2 ’ P - St AL : HARDWARE
,f ‘ r'. % -_ ,  —

g A
== ’ - SOFTWARE
— -— 3 > LICENSE

14
' 4 8x FM3200B-HW

8x FM3200-MOB-
TRK-UN

8x FM-VLAN

8x FM3200-EEW-3Y
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FLUIDMESH SYSTEM DESIGN

Container Terminal — Conceptual design — One Radio per RTG

W s T — HARDWARE

SOFTWARE
LICENSE

1x FM4200E-HW

1x FM4200-MOB-
TRK-UN

1x FM-VLAN

1x FM3200-EEW-3Y
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FLUIDMESH SYSTEM DESIGN

Container Terminal — Conceptual design — Two Radios per RTGs

T ) HARDWARE

SOFTWARE LICENSE

2x FM4200E-HW

2x FM4200-MOB-TRK-UN

2x FM-VLAN

2x FM3200-EEW-3Y
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FLUIDMESH

Successful Track Record

B ART
s
= oo
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o0 X PORT OF
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RArLwAay

A Finmeccanica Company
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FLUIDMESH
BNSF LPC Intermodal Yard — Fluidmesh RMGs Backbone

------

Number of RMGs: 6
Bandwidth per RMG: 60 Mbps

Cameras per RMG: 29

Wayside Lightpoles: 17

No Need for Dedicated Towers

$500k

in Cost Savings

Fiber Optic Backbone
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FLUIDMESH

Cosimo Malesci
EVP Sales & Marketing
Fluidmesh Networks
E-mail: cosimo.malesci@fluidmesh.com

| - | @fluidmesh

www.fluidmesh.com

« POWERFUL WIRELESS BACKHAULING Copyright © 2005-2013 Fluidmesh Networks, LLC.



