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* Optiwave overview

e Software product line

* Weather, temporal and spatial scintillation effects in the channel
* Showcase optical satellite communication system

* Adaptive optics in OptiSystem software

* Machine Learning control for a FSO Systems

* Q&A
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C%Optiwave General Information
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* Optiwave established in 1994 in Ottawa, Ontario, Canada

* Optiwave develops innovative software tools that offer
design, simulation, and optimization capabilities for
components, links, systems and networks

* Optiwave’s software offers users a distinct competitive
advantage through
* shortening product time introduction to the market
* improving product quality
* enhancing productivity and cost-effectiveness
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Product Line

System-Level

-
gN OptiSystem
Optical Communication System
Amplifier Design Suite

i!ﬁsﬁp

OptiSPICE

Opto-Electronic Circuit Design
oftware

Component-Level

—\

OptiBPIV:
Waveguide Optics Design Software
———

—\
OptiFiber
Optical Fiber Design Software
————

Q)

=

OptiFDTD

Finite-Difference Time-Domain
Design Software

OptiGrating

Integrated Fiber Optical Gratings
Design Software

oa

OptiMode

Waveguide and Modal Analysis
Software

OptiOmega

Photonics Device and Circuit Design
Software Package

Instrumentation-Level

Optilnstrument
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Optiwave Key Customers
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()  https://optiwave.com/forum-login/?redirect_to=https://optiwave.com?evaluations A 7 uh] = @ 9 @

(J‘ Opt'wave Apolications +  Products ~  Downlgads v Support ~  Forum Login Q ‘
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OptiSystem Optical
Communication Labs

Downloads 30-Day Free Evaluations

Download Our 3C-Day Free Evaluations,
Lab Assignments, And Other Freeware
Here.

&
OptiPerformer
e

WDM Phasar Freeware

OptiSystem Lab Assignments

WV,

All Other Dawnloads

Learn More About Our 30-Day Evaluations

Username:

Password:

ool Register

0 Keep me signed in

C:\Program Files\Optiwave Software\ 2z

Privacy - Tarms
hd

Lost your password?

https://optiwave.com/?evaluations
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Knowledge Base

* www.Optiwave.com

* Three types of articles
* Fundamental theory

e General structures without
paper confirmation

* Paper reproductions
* Growing number of articles

BEEPEOEBERA ™

YouTube Channel

* OptiwaveHD -
https://www.youtube.com/@

OPTIWAVEHD
* Playlists for each product

* Wide range of applications
and tutorials


http://www.optiwave.com/
http://www.optiwave.com/
https://www.youtube.com/@OPTIWAVEHD
https://www.youtube.com/@OPTIWAVEHD

DESIGN SOFTWARE

&) optiwave OptiSystem Software

* OptiSystem has over 630
components and visualizers
(optical, electrical, Binary, and
M-ary)

e OptiSystem Example Library has | =
over 1100 examples - Rl
demonstrating the different
applications
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1) GROUND TO SATELLITE (UPLINK) 2) SATELLITE TO GROUND (DOWNLINK) 3) SATELLITE TO SATELLITE (CROSSLINK)

Optical link between two satellites
(Tx = Rx)

L3 Satellite B (Rx)

/’7’ Satellite t Satellite : : (Higher Orbit)
b (Rx) ; (Tx)

Optical link from ground station
(Tx) to satellite (Rx)

Optical link from satellite (Tx)
to ground station (Rx)

Orbit of
Rx Satellite
(higher orbit)
Local Zenith
(at ground)

Satellite A (Tx)
(Lower Orbit) Orbit of
T 7 7 7 Tx Satellite
(lower orbit)
Slant Range (R) Slant Range (R)
~ 500 km ~ 500 km o? " e m—— I

> 5 Zenith Angle for SAT-to-SAT
typical LEO typical LEO i
(typ ) (typ ) - Perpendlcular to» Defined at the transmitter (Tx A) as the
Tx orbit (Local Zenith

angle between the perpendicular to the
Ground Station at Tx) Tx orbit (local zenith at Tx) and the line-
(Rx) of-sight (LOS) path to the receiver (Rx B).

Ground Statio {

(Tx)

>, For both Ground-to-Satellite (uplink) and Satellite-to-Ground (downlink):
The zenith angle (8,) is defined at the ground station as the angle between the local vertical and the line-of-sight (LOS) path.

This is the same physical angle in both cases.

Optical Link R . Slant range (link distance along the path) Key: SAT-to-SAT Geometry
(LOS Path) 0, : Zenith angle at ground (angle from local vertical to LOS path) * Tx(Satellite A) is in a lower orbit.
_ ) ) ) ® Rx (Satellite B) is in a higher orbit.
T 0, (a-8) : Zenith angle in SAT-to-SAT (angle from perpendicular to orbit e Zenith reference is the perpendicular to the Tx orbit
; at Tx to LOS path to Rx) at the transmitter (local zenith at Tx).
(Reference) Tx : Transmitter ¢ The zenith angle depends on relative geometry

(along-track, cross-track, and radial separation).

Rx . Recei
ecelver e This definition is independent of any ground point.
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* Link power budget

e Spatial input beam

* Plane and spherical beam wavefronts

* Weather conditions

* Temporal and spatial scintillation

* Loading external scintillation phase masks
 Beam propagation evolution

* Receiver capture loss

* Beam wandering

e Satellite dynamics

* Doppler effect

* Blockage and Line-of-sight visibility effects

BEEPEOEBERA ™ "




S:‘?fe?’:i’;‘i‘cﬁ‘;f Weather Condition Handling

* Dry Weather (Clear, Haze, and Fog)
* Precipitation (Rain, Snow (wet and dry))
* Clouds (Seven types of clouds including user define)

* Two models Kim and Kruse are available to determine
the related parameters of the visibility used in
attenuation calculation
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& optiwave Turbulence Effects In Atmosphere
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[1] Mistazakis H. E., et. al. "Performance estimation of free space optical links over negative exponential atmospheric turbulence channels.” Opfik 122, no. 24 (2011): 2191-2194.

[2] A. Abdi, et al., “Anew simplemnd.el for land mobile satellite channels: First- and second-order statistics,” IEEE Trans. Wireless Commun., 2(3), pp. 319-328, (2003).

[3] -&ntumuJumdu—Na\"as et. al., "General analytical expressions for the bit error rate of atmospheric optical communication systems,” Opt. Lett. 36, 40054097 (2011)

[4] V. Srivastava, A Mandlod, D. Patel and P. Shah, "Performance Analysis of Negative Exponential Turbulent FS0O Links with Wavelength Diversity," 2020 12th International Symposivum on Communication Systems, Networks and Digital Signal Processing
(CINDSFP), Porto, Portugal, 2020, pp. 1-3, doi: 10.110%/CSNDSP49042 2020.9240618.
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Spatial Scintillation
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SAT-Tx to SAT-Rx

SPACE

SPACE
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Spatial Scintillation
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C%Optiwave Adaptive Optics - Free Space Communication
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Confiaured speckle threshold | 0 0001
ModeX Effective anale(c) (deq) -68 7A533660711251

QPSK at 112 Gbps C2 = 107°

d) -1 199921983035185

| | ModeX Effective eta = Ic|*2 0 5370780163732668
s0om ModeX Effective Icl {1 7328560679787449
alc) -0 AB3N297797864391

ModeX Realic) () 2656093678659608

e ModeX counlina after (%) 53 FOTBO1A37 32668

ModeX couplinabefore (%) | 32 44182085321091

stom ModeX counlina aain (dB) 2 189321544876399

ModeX meanspecklesprocess| 0 30

T ModeX phase PV after AO (rad) 6 281358658823942

] j il ModeX phase PV before AQ (ra 6 277950902076832

" ModeX phase PV reduction (%) -0 05428135390455405

) \ f ModeX phase RMS after AO (ra () 7885917980838187

ModeX phase EMS before AQ (r 1 190542764978805
B : ; ModeX phase RMS reduction { | 33 76199316134116
w v _ ) 1 f \ ModeX phase coherence after 0 7711074R70820584

L 0 5100044755257058
ModeX phase coherence impro| 1 511962157365798
ModeX selected speckles (%) | 100)

_ UM | BER-=0
A EVM%=19.323 -
N SER=0 * Channel length = 6 km, attenuation =0.4

dBm
e Scintillation ‘CZ = 10~¢
* Spatial phase noise is corrected based on

Power:-2.960 dBm  Power:-4.788 dBm Power:-4.430 dBm speckles
 Amplitude is corrected based on the

BEPUEODERARX




('q Opnwaveq

ESIGN SOFT

Indoor FSO Demonstration

uOttawa

* Turbulence Implementation via Spatial

g
Light Modulation (SLM). sinrn WM egge= WP3:FSO-Benchtop
o . ;1 : | — = ? F: |=L T il npgelr MBr/eDEEc!d?ag
* Integration of custom-built VIS/SWIR (! SR e i N
Shack-Hartmann wavefront sensor. — = Y i .-
 Characterization of the applied C? via L____________fgf_l_ols_m _______ e e
Total optical length:292"/7.42m

focal plane power measurements
(scintillation effects).

* |ntegration between Photonics lab
optical system characterization and
OptiSystem software.
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Red and Green Allgnment
Laser to retroreflector
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Machine Learning FSO System
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Real-Time Signal Quality Assessment and Power Adaptation of
FSO Links Operating Under All-Weather Conditions Using Deep
Learning Exploiting Eye Diagrams
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This pegur proposes an intelligent power adaptation framework for FroeSpace Optios
(PO commumic stion wystemns opeTating Gnde r Senert wy sthe 1 comditons explodting a
docp earning (D) anadysis of rovived cye dagram images. The sysiem incorporates Seo
Comvobumonal Newral Network (UNN) anchisoctanes, LelNet and Wide Ressdual Network
Wide ReaNet) algorithans o perform segresshon tasks that predict seoeved signal guality
mwtrios wach s S Quality Factor (M actor) and Bt Frror Rawe (BEX) broen S srovtwed ey
dagram. Those mosiels sve evaluated using Mean Squard Frore (MSE) and the coeticent
of detwrmimation (K° scoee ) to sscws prodaction accuracy. Addirionally, a castom ONN.
based cClasdfier s trained 0 determine whether the R roading from Sw eyw diagram
wnaveds & critical threshold of 10 %, this clasdfier achloves an overall accuray of W,
cormotly detecting 194/ 190 “acceptable™ and 4/5 "enacccptable”™ intanors. Rased on the
predicand sagnal quality. the framework activates & duslamplifr condignuration compeising
& pre<channed amplifier with & manimum gain of 23 &8 and » post<chunned amplificr with »
maniomems gatn of 10 48 The wotal gain of the smpdificrs s adpusted 1o sppoet he operastion
of the FSO sysiem under albavather conditions. The PO system wws 2 15 dlies Lot
sousce a2 1550 nem. The DL modelds ane tested on both intermal and external datasets 1o
vabdaw hetr prmcralization capabiity. The sesults show that $he mrpromeon models achicve
strong preditive performane. and S clasdifer mliably detseits Segraded sgonal condmaona,
enabling the mealtime gain control of the amplificrs 1 achicve the quality of tranemission.
The proguwed smduticon sopperts sobont PO commeanacaton under dhalienging strmesgde
conditions iInchading dry seow. making it suitable for depdoyment in regions ke Norhern
Fusvpe, Canada, snd Nocthern Japan

Keywords faw-space option. LelNet sogprewson; wide ResNet rogresson, ONN classifier;
wye dlagrama seabtiow dgnal gaality prvdiction

L Introduction

Over the past several decades, mobile commumaation vystems have undongow » raped
evolution, with cach porwraion comerging roughly cvery Won years sincr the trodocson of
firvt-orration (1) metworks in the 1980 The sllocated carrier tguency spuctrum of 16
10 fourth-penerstion (406) Sechnologies has priosardy ranged froem 200 Mibe 10 24 Gl 1)
Howevey the limssed bandw idth within s rangr, coupled with the exporential inovase
n mobde devioe perwtration and ghobal data traffic, has wesudved n persistent challenges
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* OptiSystem Software enables data and quantum
communication for ground to satellite, satellite to
satellite, and satellite to ground systems

* Do not hesitate to contact Optiwave at
Info@optiwave.com to request demo or discuss your
requirements
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ahmad.atieh@optiwave.com

support@optiwave.com
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