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Company Profile

» Company founded in 1985;
—————,

‘% Corporate headquarters located in Ottawa, Canada;

1

> Manufacturing facility in Ottawa/Canada, 1zmir/Turkey,

i

’ and Jiaxing/China
f
> Seven Product Groups: Laser-to-Fiber Delivery Systems, High Power Fiber

Optic Components, Polarization Maintaining Products, Attenuators, Opto-

Electronic Packaging, Test Equipment,Fiber Optic Sensor Systems

» Sales offices in Canada, USA, Turkey and China
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Company Profile

» Three Product Groups:

Optical Test
Fiber Optic Equipment 25%

Components 5%
70%

» Over 1,000 products
» Leading Edge R&D
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OZ Optics Products

°

|(S
Bhop.ozoptics.com
www.o0zoptics.com

1§ 5

shop.ozoptics.com
www.ozoptics.com

4
PRIVATE AND CONFIDENTIAL




OZ Optics Products
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OZ Optics Products
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Innovation

Product
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0OZ Optics
Foresight™ Series

i
Fiber Optic Distributed

s Strain and Temperature
Sensors (DSTS) i
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Product Innovation
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Company Profile

OZ Canada

Over 470 employees worldwide:

» 260 in Ottawa and US
> D in Turkey
> 60 in China

OZ China
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Company Profile

OZ Optics is lead by an experienced team:

Omur Sezerman, Chairman, President & CEO
» Founder and CEO since inception (31 years)
Zahide Sezerman, VP of Human Resources
« With OZ Optics since inception (31 years)
Garland Best, VP of Components Division
o 24 years at OZ Optics
Gordon Youle, VP of Test Equipment Division
o 17 years at OZ Optics
Martin Powell, Operation Manager
e 12 years at OZ Optics
Sarah Miller, Controller
« 3years at OZ Optics
Metin Sezerman, General Manager of OZ Turkey
o 15 years at OZ Optics
Bing Li, General Manager of OZ Optics China
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Company Profile

» 1S0O9001:2008 certified
» Broad patent portfolio

» Advanced proprietary
processing technology
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Company Profile

» Using our strong direct sales and distributors, we
" address the following markets:
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Company Profile

» OZ Optics has resellers and distributors in over 30
Countries & Regions and over 10,000 customers globally:

%ﬁ ‘ Australia
B Austria

‘ I Belgium

<> | Brazil

E Canada

j China

- Denmark

PRIVATE AND CONFIDENTIAL

.| Czech Rep.

I France

:Germany

Greece

% Hong Kong
H India

l | Ireland

Israel

J_‘ ltaly

nJapan E Spain

mmm| Netherlands =% | Switzerland
_uxembourg -|—| Sweden
3= Norway * | Taiwan
f Poland — Thailand

W@_I Portugal c- Turkey
gy O'Ngapore  >1& United Kingdom

ﬂSouth Korea _= United States

13




In-House Production Capabillities

» Experienced and well-trained staff in following fields:
‘ - optical, mechanical, electronics & software

[R——— <a

‘3

CNd: Machlne Shop AR Coating Femtosecond Laser Lab
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Branch Network

OZ OPTICS TR
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Facility — Ottawa Headquarters

60,000 sq ft. — Manufacturing and R&D Facilities
15,000 sq ft. — Admin, Sales and Marketing
e 15,000 sq ft. — Training and Fitness Facility
 R&D, Product Design, Engineering, Final Assembly & QA
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Facility — Ottawa Headquarters
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OZ Optics — Turkey Factory

Operational since 2000

R——

33,000 sq ft. Manufacturing Facility

Located in Free Trade Zone

Low Tax Rates

Sub Component Parts Manufacturing
Cost Effective Manufacturing

* High Quality Labor
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OZ Optics China

Operational since 2009

tensive Training

-6 months in OZ Canada)
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OZ China Facility

Jiaxing, China
e Located in Economic Development Zone

500 sg meters — Admin, Sales and Marketing
1500 sq meters — Manufacturing Area
» 100 sg meters — Class 10,000 Clean Room
» 100 sq meters — ESD Working Area

b s 20
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Manufacturing Strategy

Customer
v OZ CND I

v’ Customer

Qualification Quialification

OZ Canada

OZ Canada

R&D
Design
Engineering

e -
\ ‘ Final Assembly

Quality Assurance
: |
Turke
7 Cgelier Customer
Quialification
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Industry Standards

All products manufactured are In strict accordance

with international industry standards:

> Telecordia Compliance

» CE Compliance [(1

» RoHS Compliance

» 1SO 9001:2008 Certified (China, Turkey and Canada)

» Controlled Goods Directorate Registered

PRIVATE AND CONFIDENTIAL
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Core Competencies

Pioneer in Polarization Maintaining (PM) Components

Leader in Wavelength Flattened, High Power
& Low PDL Components

Leader in High Power Fiber Optic Delivery Systems

Custom Test Equipment, Including Polarization Test
Equipment and FTTH Equipment

Widest Range in Attenuator Product Offering
Fiber Optic Distributed Strain and Temperature Sensors
Complete product line for OCT applications & 2 Micron

PRIVATE AND CONFIDENTIAL
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Leading Technology

» High Power Isolators
- power handling > 50W ,
- low loss, low cost
turnkey solution /

High Power Free Space
and Pigtailed Isolators

Polarization

> Pioneer in Polarization

Maintaining Patchcords

Distributed Stain and
Temperature Sensors

» Fiber Optic Sensor
- fast and simultaneous
measurement of strain & temp

High Power

Collimators/Focusers

('L\
o

-

)7
 d

Maintaining (PM) Components

- wavelength flattened
- high power & low PDL
- PM test equipment

» Leader in High Power

Fiber Optic Delivery
Systems

=large structure health- monitoring

PRIVATE AND CONFIDENTIAL
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OUR VISION

Be the preferred Supplier of I“"
choice '

Capture and expand market
share

Maximize shareholder value
OUR MISSION
e To become the leading provider
of innovative optical products to
telecom and non-telecom sectors

OUR CORE VALUES
Leadership OUR QUALITY POLICY

Teamwork

Boldness Provide our Customers with a competitive
Commlt'ment advantage, leveraging performance, price and
Innovation delivery, through a continuous process of Quality
Rewards advancement in all areas of our Company

Communicate effectively to our Customers,
Suppliers and Shareholders our commitment to
Quality and continuous improvement

Promote opportunities of professional
development for all members of our Company

through education, training and personal
challenge

Omiir Sezerman
President

G 0PIy , 1\l i o5
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Competitive Advantage

i/
Superior Technology

Innovative Engineering LA
—d A

(

Exceptional Competitive *

Quality & Service Pricing

[Juccess
AN

i
VA

= Extensive Experience Global

In Hber Optics Presence
Manufacturing
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Conventional Temperature & Strain Sensors

e Temperature sensor:
thermocouple

e Strain sensor:
electrical strain gauge
— Temperature influence

— Electromagnetic
Interference (EMI)

— Humidity influence
— Point sensor
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Fiber Optic Sensors

o Advantages of Fiber Optic Sensors

— Electrically insulating materials (no electrical cables are required)
— high voltage environments

— Chemically passive, not subject e.g. to corrosion
— Immune to electromagnetic interference (EMI)
— Wide operating temperature range

 Fiber Bragg Grating Sensor
— Strain resolution and accuracy: < 2 ue
— Cannot distinguish strain and temperature
— Point sensor
e Distributed Fiber Optic Sensors
— Raman scattering based — only temperature
—+Brillouin scattering based — both temperature and strain

PRIVATE AND CONFIDENTIAL




Fiber Optic Sensors

Fiber Bragg Grating Sensor
— Sensor medium: Fiber Bragg grating
— Laser source and data acquisition system: Spectrum analyzer

Distributed Fiber Optic Sensors (Brillouin Sensors)

— Sensor medium: Conventional communication fiber (such as
SMF, LEAF, etc..)

— Laser source and data acquisition system: Brillouin sensor
system

PRIVATE AND CONFIDENTIAL

OZ Optics [Foresight™ DSTS (Distributed Strain and Temperature
Sensors)]

Omnisens (STA)

Yokogawa (AQ8603) (Discontinued)
Sensornet (DTSS)

Neubrex (Neubrescope)

fibrisTerre (fTB 2505)




Working Principle — BOTDA

Brillouin
scattering Unstrained Strained
- Optical Fiber

ﬁ
Vprobe

J\A

vBO+C'T(T—T )+c (6 — g,)

—— ==

T and € are variables

In order to differentiate these two variables, Brillouin peak
In the spectrum is required.
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Working Principle — BOTDA

V,—V,=V

pulse Sensor medium; standard telecom optical fiber

When the beat frequency v

@ matches intrinsic Brillouin
= eI AR R Ve changes linearly with
we will get maximum of the strain and
Brillouin spectrum. temperature exerted.
% vg =Vpo+Cr (T —To)+C, (&)
Vg Vi~Va

Brillouin Spectrum
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Comparison of BOTDR and BOTDA

Reference ¢ Vo

Weak signal

High dynamic range

rv CW
Vo +v(Vy) iy

PRIVATE AND CONFIDENTIAL

3 . )
10 Bh’otons vy Vv,
[
‘._
at most 1 photon

Brillouin scattered light
Vo tv,(vy)

<4
Coherent amplification

Brillouin scattered light >
st

r
V(Vis) .
Vo+V(Vy)
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DSTS BOTDA
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DSTS BOTDA/R Combo
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Foresight™ DSTS

Silver Level Winner

FROST & SULLIVAN

best of

Sensors

eXp02007
BEST
Your Product is being PRACTICES
recognized as a

Silver Level Winner | AW ARD
!

»

‘ NORTH AMERICAN FIBER-OPTICS BASED
\ STRUCTURAL HEALTH MONITORING SYSTEMS
TECHNOLOGY INNOVATION AWARD

=
: )
¢

J
14
|
|
i
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Merits of DSTS BOTDA

Coherent amplification of Brillouin scattering signal

= |longest measured range (100 km sensing range, 160 km
fiber length)

Narrowest Brillouin spectrum (~ 45 MHz )

— highest resolution of strain and temperature

Special low loss fiber components and electronic processing

= high stabllity of system

With proprietary techniques, Brillouin frequency is extracted
accurately

= highest accuracy in measuring strain and temperature
separately or simultaneously

New technology
— quick measurement of strain and temperw as 1
R ERRbLIR) “x it

37
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Merits of DSTS BOTDR

Low noise detection for weak spontaneous Brillouin scattering
signal

= |longest measured range (70 km in one direction)

Special low loss fiber components and electronic processing
— high stability of system

Sophisticated design

— Small size and light weight

or
& ' 2 v ks .
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Competitive Analysis

,1)

Specifications of other vendor’s products are based on their public datasheets.

Company OZ Optics OmniSens Neubrex | Sensornet | fibrisTerre
Technology BOTDR BOTDA BOTDA BOTDA BOTDR BOFDA
M aximum 100km (fiber
Sensing Ranae 70km length up to 50km 27km 24km 25km
grang 160km)
Highest Spatial
Resolution? / 1m3/5cm 10cm?/5cm | 50cm/10cm | 2cm/1cm 1m/50cm | 50cm/5cm
Accur acy
Dynamic Range
I 10dB 7dB NA 0.5dB NA NA
spatial
resolution
Strain /
Temperature | 16pe/0.8°C 2ne/0.1°C NA/0.1°C | 7.5ne/0.35°C NA 2ne/0.1°C
Precision (o)
Strain/__
“Temperature |0.1pe/0.005°C [0.1ne/0.005°C| 2pe/0.1°C NA 10pe/1°C NA
Resolution ——

2) Based on scientific definition, the spatial resolution is defined by pulse width. 10ns pulse width is equivalent to 1m spatial

resolution while 1ns pulse width is equivalent to 0.1m spatial resolution.
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Comparison: DSTS BOTDA and Raman based DTS

Raman based DTS

OZ Foresight™ DSTS

Max Fiber Length

20km (MM)

150 km round-trip (physical distance 75 km)

Fiber Type

Multimode

Standar d telecom singlemode

Responsetime @
20km, 2C Resolution

Morethan 10 minutes

30 seconds to 3 minutes

Configuration

Single ended or double ended

Single ended or double ended

M easurement Base
and Precision

I ntensity based
Require calibrations
Sensditive to attenuation changes

Frequency based
No calibration required after setup
Not sensitiveto attenuation changes

25-30dB
3-4dB : : :
: ; ) Allows better immunity to attenuation
Dynamic Range May fail when attenuation :
T — Wider measurement range and longer use of
installed fiber
Measurand Temperature Temperature and Strain
M easurement :
Resolutions Comparable @ over 1 minute

PRIVATE AND CONFIDENTIAL
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Competitive Analysis

Feature Highlights:

High spatial resolution. 10cm

High measurement accuracy
Strain: *25u ¢
Temperature: +1°C

Neubrex fibrisTerre

Sensornet Foresight_C Omnisens

orrg f ,
Ql Cs v ks
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New Features

« Unit will auto configure almost everything

e Auto Channel Switch allows continuous scans between
channels.

* Frequency data added to output fileto compare
against previous DST S measurements from
competitors equipment.

* Real-time fault point detection
e Fast measurement
e Simultaneous measur ement

PRIVATE AND CONFIDENTIAL




Merits of OZ Optics Foresight™ DSTS

« Dynamic Measurement
e Fast Measurement

Measurement

Baschae

M Autoves:dy Sam Potersed dda

W dusomascaly Ty Pam Doty
19567 1

Dustance (=}

Dutancs [\'{ff'

P scyrestens
Chewved 42

Puba Wk & AverageNo. 1000

Fow e  OMG 2O gt Rarge SO0

1097) &8 ! MeinMena, o Setlp . A Messurement I m m _ ﬁ

PRIVATE AND CONFIDENTIAL

L



Fast measurement (temperature only)

@ DSTS - Fast Measurement

Fast Measurament
LASER m GJ

™ Auto Channel Switch

Temperature Change Wed Jul 17 18:10:45 2013

™ Enable Alxm

W Automaticaly Save Pocessed dats
™ Contirously Scan Per

™ Patisl Data Py

Zoo MARKER Distance [m]

m}[46.61 Relstive TemperstureldegC [0 35

"nl* - Spatial Step. 0.2
. eWidh  Sns

Fber Type: S ¢ Input Range:

PRIVATE AND CONFIDENTIAL
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Simultaneous modes

(=) DSTS - Simultaneous Measurement Y

DUAL FIBERS SIMULTANEOUS

. | LASERIS OFF

i ‘ed Nov :48:
ST o S Strain Change Wed Nov 27 10:48:33 2013

Strain Distribution [

W 236844
Baseline , h 73
o [T Enable Strain Alarm .

-1236.84
OSU&'! & oo [ Enable Temperature Alarm (a 4035 ‘ 4041

Distance [m]

‘ —Simultaneous Measurement Configuratiorr

Connection Point [m][4048.34 Temperature Change Wed Nov 27 10:48:33 2013
| e[ ] freole | 9520

Temperature Distribution (0203, 2130),

———?
2 2703 ‘/

Load Save Min/Max -9.697

4035 4039 4041
[T Automatically Save Processed Data Zoom
™ Automatically Save Raw Data Off

™ Continuously Scan Per . -Parameter
[ Partial Data Process from PE,'E‘E’ PROCESSNg... Channel:

Distance [} 4042.03 Pulse Width:  10ns
-Data

15:33:43 100% 15:37.24 Sl [ue]|590.07 Spatial Step:  0.1m

ONOONEOOOEENEEMED Temperature [deaCl[21.303 Atedasis: 1000

10599.68 10997.12 10997.12
I ‘Simultaneous l
Hnaa&—\ W Measurement _

Distance [m]

45
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OZ Optics Foresight™ DSTS Benefits

 Reducing risk and influence of failure
— Fast response
— Status trend in long term
— Full range of coverage
« Reducing operating expenses
— No future re-calibration of unit
— EXxpected cable life over 20 years

PRIVATE AND CONFIDENTIAL
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Applications

Qil and Gas Pipeline  Dyke and Levee S [Lme
Monitoring Monitoring Monitoring

——

k ~ Qiland Gas Well Bridge and Building ~ Border Security

= Monitoring Monitoring Monitoring

= OPT; ,
ot a” g

G
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Oil and Gas

e Pipeline Leakage Monitoring
 Waeéll Integrity Management
 Refinery Temperature Monitoring

PRIVATE AND CONFIDENTIAL




Pipeline Leakage Monitoring System

« Policy Requirement
« Economic Requirement

Ambient Temperature
Liquid Spill Temp of sensing Detected
/ / Change cable changes

TCPIP SCADA

local control room

— Temperature Sensing Cable
Pipeline Leakage

Tontering yeer ) . opipdie

A — (|l 49
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Third Party Evaluation

 Leakagesfrom a 1/8" orificewith an injection pressure aslow as
22 psi, and a temper ature difference of 20°F between the soil and
line temperatures, have been easily detected and accur ately
located.

« An impressive leakage detection response time of lessthan 2
minutes has been achieved.

 Evaluation wasdone under laboratory conditionsover a period of
one month, by Southwest Research Institute (SwRI) and funded
by major oil companiesthrough ajoint industry program.
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MARKER

Performance

Temperature Change

\ Leaks

(1014215 0.08)

10150 4

Distance [m]

Temperature Change Fri Jun 13 11:54:50 2014

Distance [m]

Large leakage
detection from 1/8”
orifice with 400 psi
injection pressure,
soil temperature
before test: 85°F,
line temperature:
115°F.

Small leakage
detection from 1/8”
orifice with 50 psi
injection pressure,
soil temperature
before test: 73°F, line
temperature: 90°F.




Soill Temperature Monitoring

13m——
FOS:
Fiber Optic Sensor
TSR:

. N Temperature
~ Sensitive Resistor

(a)FOS

Distance (m)

,\Sﬁ%§

Change of temperature (°C)

FOS —

Change of temperature (°C)

(Unit: mm)

(a) FOS

<
o
g

é
<

2

o

=)

o

Change of temperature (°C)

Distance (m) 7 175 15

Dis!:u.acé (m)

[

in

o
n

Change of temperature (°C)

Change of temperature (°C)

o
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Pipeline Corrosion Monitoring

Pipeline corrosion monitoring in Canmet Materials Technology Laboratory,
NRCan, Ottawa, NACE International — Corrosion 2008 Conference and
Expo, New Orleans (Louisiana, USA 16-20 March, 2008).

—e— 40psi

—m— 140psi
180psi

15 20

Position (m)
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Pipeline Corrosion Monitoring

Pipeline corrosion monitoring in Canmet Materials Technology Laboratory,
NRCan, Ottawa, NACE International — Corrosion 2008 Conference and Expo,
New Orleans (Louisiana, USA 16-20 March, 2008).

= Sensing fibres (axal)

(b)
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Refinery Temperature Monitoring

Refineries usereactorsand
pressure vesselsto transform
heavy oil into synthetic crude oil. Upgrader Wall

Theupgrader reactorsare
operated at very high
temper atures, exceeding 500 °C.

Dueto the thermal stress exerted
onthestructureof thereactor, a PaEERISYAGLT
wall-thinning problem might thinning wall
accur, resulting in conductive
heat dissipation.

Without the proper sensing
technology, the refinery operator
might prematurely shut down
oper ationsto perform untimely
maintenance, or wor se yet, the
problem might go unnoticed,
resulting in a catastrophic
accident.
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Pipeline Buckling Detection

 Pipeline buckling detection in TransCanada Pipeline Ltd, Calgary,
and C-FER Technology, Edmonton
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T
E
s
% { =
» 9
- \ 3
-~ o
ﬂ & -
\I
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® 2 S s -100
Bpn,, LT NG - 8000 6000  -4000  -2000
L . \ .2 | Strain (pe)
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Metal/Polyimide Coated Hermetic Fibers

: . = AK.\unnnurn " .'(‘*((l G i | L,‘Q\_ oV -L,U\)'{’ e‘i f,»-\
tl g aterlals a d e leco v SM ct—)lh“‘l-f;(-.l (" | 1L>E,!(' - | GO0 nm EM
. - 9/125 /160 A1125/ 15 Mo
maximum sustainable B 31125/ 165 pm

temperatures

UV-cured acrylate 100°C 2
UV-cured dual acrylate 150°C /\ \
Polyimide 400°C \
| |
| ;

Copper+polyimide 400°C
Aluminum 450°C
Copper alloy 600°C
Gold 700+°C
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Power Utility

[—— ey,

|+ OPGW Monitoring

\
} * Power Cable (Submarine Cable)
~ Monitoring

58
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OPGW Monitoring

« Monitoring the working status of OPGW

e Abnormal event found and located

 Event caused by broken strand, lightning, frost covering, change
of strain, etc..

or
© ’ | A 1 ~
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The OPGW islocated from Smith Fallsto Merivale-Ottawa, Ontario, Canada.
Thetotal fiber length was close to 140 km.

PRIVATE AND CONFIDENTIAL
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OPGW Strain Monitoring

« Power line/OPGW monitoring in Hydro-Quebec, Montreal

1.5 cm out-layer crack

Aluminum Clad Staal Wire |
Central Stainless Steel Tube
Optical Fibers

Aluminum Alloy Wire azs

93 m, 2 loose regions & stress region

region B in the mi

Loose region D /
Splice box

Loas:
Splice box

Centrol room

Brillouin scattering

30 40 50 sensor system

Position (m)

< m'.',;’ f . 61
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High Voltage Underground Cable with Fiber

orry
o G
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Concrete Beam/Highway Monitoring

 Concrete beam/Highway monitoring on HW40/University of
Sherbrooke, Dr. Brahim Benmokrane

orn, {,\
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GeoDetect With Embedded Fibers
I ————

.
Y
-

31 die

oo

Vhidoaidld i,

ARALL Vata

Y
4l
i

| ashie
-"n-—u R

.ﬂl

U ra SURN SEFIISTE

"-w

A 3

- .‘ AE )‘-‘1'
-

e
:
U
|
erL

-7 ¢ urr,\
/0

M 64

l' H |I'u

_ WAWWIoZopticsYconm,

\\ ‘/[ [//|

PRIVATE AND CONFIDENTIAL (

\

‘mn\,o



Crack Detection

Crack detection in University of California, Irvine, Dr. Maria Feng, 19" International
- Conference on Optical Fiber Sensors, Perth (Australia, 14-18 April 2008).

) l i
- e b 2
-

Strain distribution

18 185
Position (m)
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Crack Detection

Crack detection in University of California, Irvine, Dr. Maria Feng, 19" International

200

400

Conference on Optical Fiber Sensors, Perth (Australia, 14-18 April 2008).

600 800 1000

Position (cm)

—a— Reference
Crack A
Crack B

- Fiber was B—l;oken here

[ ——n

gl

1200 1400 1600
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Brillouin Sensor Monitoring of Telecom Fibers

« Detects minor events that are too small to be seen by OTDRs.

« Canreplace OTDRs for monitoring fibers.

« Can be used to monitor new or existing fiber installations.
Permits performance monitoring of fibers above or below ground.
* Avoids unnecessary replacement of old fibers, saving millions of dollars in installation costs.

Yogokawa's results from AT&T's old telecom
fiber, very broad Brillouin spectrum, which

results in poor resolution and accuracy.
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OZ'’s results from AT&T's old telecom fiber,

very narrow Brillouin um, which results
in high resolutipn and accuracy? 67
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The Cost of Catastrophic Failure

« Example: Druzhba Pipeline July 2006
« Small 50 cubic meter leak results In:

— Interruption of $100M/day pipeline
— Global spike in oll prices

— Report of environmental
catastrophe
— Months of investigation and
ecological monitoring
e Single point of failure in 3,000 km pipeline
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The Cost of Catastrophic Failure

o Example 2: Nigerian Pipeline July 2006
e Accidental leak

¢ 180,000 barrels / day shutdown

e 180,000 * $74 = $13M per day

e 10-day shutdown = $130M

e Brillouin operation << $1/m/year

e Single production shutdown far exceeds

ifetime sensor operating costs.
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The OZ Optics Commitment

OZ Optics is committed to providing a
complete solution, lab evaluation,
and field trial to meet your structural
health monitoring requirements.

PRIVATE AND CONFIDENTIAL

71



OZ Optics

Your solution provider for existing and next generation
fiber optic components and test equipment

Please Contact Our Sales Depit:
Tel: 613-831-0981 ext 3370
Toll Free: 1-800-361-5415

Email: sales@ozoptics.com.
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OZ Optics

Thank You for Choosing OZ!
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