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arleton-NTHN

OMMNeTss/Qten (elease) - General #0- omnetppni - /home/madoeryjomnetpp-6.0. workspace_tstbed paperfosatsim/simulations/mdaDemos

ROYOBASE=~ Q0@ — #29.[0: 12678355 10719
1995)

I ndabemos steRelo]pollow 9,656 AETOTSIoNs powo TSI

.....

@ BAAS &

INET Framework - Link

OS?® - The Open Source Satellite Simulator - Link e -
Atlas: OMNeT++ and INET framework for simulation H3 Library - Link

OpenFlow Extension for INET Framework - Link Meteoblue weather data - Link 11


https://omnetpp.org/download-items/OS3.html
https://inet.omnetpp.org/
https://github.com/Avian688/leosatellites
https://omnetpp.org/download-items/Openflow.html
https://h3geo.org/docs/
https://www.kontur.io/datasets/population-dataset/
https://content.meteoblue.com/en/research-education/specifications/data-sources

File Edit Source Navigate Search Project

Run Window Help

ini- OMNeT++ IDE

= B ) BB HvOvQAviFvE vilvee rt & Q ]
% Project Explorer X = omnetpp.ini X = 5
5 inetd.5 [General] o
&% Il ” » network = Demol
4@ > oscsimulator [testh egratic 3 sim-time-limit = 2émin 2
# Binaries s
3 Includes 5 **.numSatellites = 198
2 ot ** numLandingStations = 1
8 > simulations **.numUserTerminals = 1
@ > Demo1
o > results
8 > access_interval_gs.csv
% > config.ini
s Demad ned *+.minute = 40
& 0 **.second = ©
5 DemoApp.mlapp
**_ satsPerPlane = 18
g >Demoz ++.inclination = 98.98
@y >Demo3 *+.altitude = 1325
(@ > Demo4 *+.elevationAngle = 40
i **,raanSpan = 180
& package.ned **_raanoffset = 120
»SIC **_ anomalySpan
> out **. anomalyoffset = @
> Makefile o TorRInaT. #90
*+.userTerninal (6] .mobility.latitude = 68.3407
. 3 ** yserTerminal [8].mobility.longitude = -133.6096
[ Properties x 5= Outline = *+ userTerminal[8].name = “Inuvik"
e Landing Station ###
*+,landingStation[6]).mobility.latitude = 45.5089
**.landingStation[6].mobility.longitude = -73.5617
**.landingStation[8].name = “Montreal
+.userTerninal [6].numApps = 1
*.userTerminal (8] .app(0] . typename = "Pinghpp"
*.userTerninal[e].app[0].startTine = 1s
*.userTerminal[6].app[0] .destAddr = “landingStation[e]"
*.userTerminal[6].app[@].sendInterval = 185
** satellite[*].mobility.typename = “SatelliteMobility"
*+_ landingStation[*].mobility.typename = “LandingStationMobility"
45 ** userTerminal[*].mobility.typename = “UserTerminalMobility
45 _**.controller[*].mobility.typename = "ControllerMobility"
Form Source
[ Problems 7 Module Hierarchy = NED Parameters 3 NED Inheritance € Console x 2B0vQy =
<terminated> Demo1 [OMNeT++ Simulation] src/oscsimulator (4/29/25, 12:12PM -) (Terminated Apr 29, 2025, 12:13:59 PM) [pid: 36113]
3
fee)

13



&
Demo 1:

>

4 ./
OMNeT++/Qtenv (release) - General #0 - tpp.ini - /h d 1 - a

File Simulate Inspect View Help

Dr@»mri@»s RO O8 Q S0~ & 0@~ £10][1: 0075 329. 5781 435
Next: ping0 (inet:Packet, id=4852) In: Demo? satellite[82].ppp[0].ppp (Ppp, id=10938) AL: 1.009386657s (now+0.002057078565s)

el . .

s *10us +100us. +ims +10ms +10ms +1s +10s
» %8 Demo? (Dv {
+ @ simulation Em@ Baae B

satellte[83]

\mﬂ‘tﬁhm

- 3 s =
sagellitel174] teiite]s = e
A / ye S \\\ - \\ re "=
m-mutz{) P Satellte[6] selitel] (PackeUping0 _ sateliels] satelite(100] <atellte[118]

\ . =
\\ sl i

T

fi7s) satelite[193]
3
> 5 i =
I » satellRs(s] satellité[27] satelita[a5] sateliitals3] satellé(s1] satellitdf99] 4 sateliite[135] Satellte[153) sacellite[171] sateliite]
~ B8 Demo1 (D« landingStation{0] \
» base
» fields
V owned abj \ \
+ parameter \
» signals,stal \
. S
satellite{154] \ \
satelitels] satelital26] satelitefoa] satelite(62] satelitd{80) satelitg(sg] satelite[116] |
b
satellice[195]
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Demo 1:

Pa

OMNeT++/Qtenv (release) - General #0 - omnetpp.ini - /h 2 ® &
File Simulate Inspect View Help

DrO»mr i@ RO O8 Q 20~ & 0@ =) sst: #45 || 15 0565 615 2040: 00055
Next: ping0-reply (inet:Packet, id=4869) In: Demo? userTerminal[0]ipvd.ip (Sdnipvd, id=6199) AL 1.056615204s (now+0s)

g s “100us ims “ioms “100ms s T
' @ s v @ BAQS [

56]

s/!Alitth 741’/4"’_%\ = \\ ==
& = — =
& 4 Pe < gosSerTerminallo] = 3 SR ~ s = & >
itef10] satellite[28] 7 satellite[46] smurtds\A] uuuaz‘{gz) satellite(100] satellite[118] f [t itef: i
| A 7 =t 29 5
(UserTerminal) Demot.userTerminal[0] x \
+ EEQ O RS B \
- \ \ N L
=
o processed 1 pk (648) F £ \ _ vomreal \ = \
== 1l satellitals3] satelité(s1] satellitdfoo] "4 sarellce[117] satelite[135] satellce[153] sacellite[171] satelite]
\ et ‘
J  processed ) pk (648) | \
processed3 pk (168.8) \
processed ok (08) |2 L Lo e 158
itefaq) satellte[62] satellite{so] satellite[s8] satellite[116] satellite[134] satellite[152] salnllihl‘ﬂo]
(Packet)pt :w«ply
processed 0 pk (08)
10.0.64.255 (9010.65.12 (11010.65. {i18)8%5.51 (105)
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Demo 1:
Constant Bit Rate (CBR)

Exponential Distribution

packets senl, packeiBytes in Demol serTerminlfo] spei0]
Wmo oW ®® n )

o 5 LI I JONE DL SO . 0 % w  ws om0 us wm ms 1w =
120 T T ———
1108 110
- . s rme . s . . - . . P . s e e -
s 500
00 o0

*.userTerminal[0].numApps = 1

*.userTerminal[0].ap p[0] typename = "Udp BasicApp"

* userTerminal[0].ap p[0].destAddresses = "landingStation[0]"
* userTerminal[0].ap p[0].destPort = 5000
*.userTerminal[0].ap p[0].mes sageLength = 1024B
*.userTerminal[0].ap p[0] send Interval = exponential(5s)

Normal Distribution

Packets sert, packotBytes in Demol.wserTorinalfo) (0]
L I S A N

-

s s s w15 s

Traffic Burst

s s e L e ) A

[RPSS——

*.userTerminal[0].ap p[0] .destPort = 5000
* userTerminal[0].ap p[0].mes sageLength = intuniform (10008, 1300B)
* userTerminal[0].ap p[0].burstDuration = 5s
* userTerminal[0].ap p[0] sleepDuration = 20s
*.userTerminal[0].ap p[0] .send Interval = 0.1s

' ackem e, i i Do e T AFS)

I
v .. 1300
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=2 n OMNeT##/Qtenv (release) - General #0 - omnetpp.ini - /home/madoery/omnetpp-6.0.1/workspace_testbed_paper/osatsim/simulations/mdaDemo6
e m o ™ Fle Simulste Inspect View Help
DHOYMrHO% RO OB QAEE- R @ =— next #29 | 0: 126ms 835:< 11005 71905
Next: data plane packet-0 (inet-Packet, id=1395) In: mdaDemoé.satelik[30] opp[0].opp [Ppp, id=5639) AL0.1301519025 {nowe+0.003316731281)
[1 + + + + 4
L 0 s “ing s +itoms o i
\ 7
Constant oo 2rtt 3
\
\
\
packen:
v s w s w x m  x  w & @ =
1200
1.200-
o0
o
i
pack
o 5w m m m W ®m m & w
1300
1100
- e eemn . e ..
500
.
eI ZVER
* userTerminal[0].num Ap ps Pushing packet, packet = ( d , total ield = 1052 8, identification - 9, = false, = false, fragnent
* N Pulling packet, packet = (7 [TpviHeader, versiof d , total ield - 1052 B, identification - 0, = false, = false, fragnent
-userTerminal[0].ap p[0] ty¢ data plane packet- (1052 8) (inet ::SequenceChunk) length = 1052 B from upper layer.
* userTerminal[0].ap p[0] .de: Packet)data plane packet-8 inet z: SequenceChunk) 1 = 1059 B started. 3)
AwserTerminal[0].app(0] de et
*.userTerminal[0].ap p[0] .me G
0

*.userTerminal[0].ap p[0] ser *
General 20: mdaDemos Msg stats: 37 scheduled / 1985 existing/ 1957 created
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Wireshark

View Go Capture Analyze Statistics Telephony Wireless Tools Help

PDORBE @< >3 --1=

QQ@E

file.pcap

Curl/>

2 9.994964 10.0.66.118 10.0.66.224 IcMP
3 19.994730 10.0.66.118 10.0.66.224 IcMP
4 29.994527 10.0.66.118 10.0.66.224 IcMP
5 39.994354 10.0.66.118 10.0.66.224 IcMP
6 49.994213 10.0.66.118 10.0.66.224 IcMP
7 59.994102 10.0.66.118 10.0.66.224 IcMP
8 69.994022 10.0.66.118 10.0.66.224 IcMp
9 79.993973 10.0.66.118 10.0.66.224 IcMP
10 89.993954 10.0.66.118 10.0.66.224 ICMP
11 99.993966 10.0.66.118 10.0.66.224 ICMP
12 109.994007 10.0.66.118 10.0.66.224 IcMP
13 119.994078 10.0.66.118 10.0.66.224 IcMP
14 129.994179 10.0.66.118 10.0.66.224 IcMP
15 139.994308 10.0.66.118 10.0.66.224 IcMP
16 149.999721 10.0.66.118 10.0.66.224 IcMP
17 159.999712 10.0.66.118 10.0.66.224 IcMP
18 169.999736 10.0.66.118 10.0.66.224 IcMp
19 180.012964 10.0.66.118 10.0.66.224 IcMP
20 190.012612 10.0.66.118 10.0.66.224 ICMP
21 200.008745 10.0.66.118 10.0.66.183 IcMP
22 210.008463 10.0.66.118 10.0.66.183 IcMP
23 220.008210 10.0.66.118 10.0.66.183 IcMP
24 230.007986 10.0.66.118 10.0.66.183 IcMP
25 240.007794 10.0.66.118 10.0.66.183 IcMP
26 250.007633 10.0.66.118 10.0.66.183 IcMP
27 260.005832 10.0.66.118 10.0.66.157 IcMP
28 270.005182 10.0.66.118 10.0.66.157 IcMp
29 280.004558 10.0.66.118 10.0.66.157 IcMP
30 290.003961 10.0.66.118 10.0.66.157 ICMP
31 300.003392 10.0.66.118 10.0.66.157 IcMP
32 310.002854 10.0.66.118 10.0.66.157 IcMP
33 320.002347 10.0.66.118 10.0.66.157 IcMP
34 330.001871 10.0.66.118 10.0.66.157 IcMP
35 340.001430 10.0.66.118 10.0.66.157 IcMP
36 350.001022 10.0.66.118 10.0.66.157 IcMP
37 360.000650 10.0.66.118 10.0.66.157 IcMP
38 369.995363 10.0.66.118 10.0.66.183 IcMp
39 379.995087 10.0.66.118 10.0.66.183 IcMP
40 389.994861 10.0.66.118 10.0.66.183 ICMP
41 399994656 10.0.66.118 10.0.66.183 IcMP
42 409.994482 10.0.66.118 10.0.66.183 IcMP
43 419.994338 10.0.66.118 10.0.66.183 IcMP
44 429.994226 10.0.66.118 10.0.66.183 IcMP

54 00 00 00 80
aa 00 00 15 15
3f 3f 3f 3f 3f
3f 3f 3f 3f 3f
3f 3f 3f 3f 3f

Frame 1: 84 bytes on wire (672 bits),
Raw packet data

Internet Protocol Version 4, Src: 10.0
Internet Control Message Protocol

01
00
3f
3f
3f

Protocol Length Info

reply
reply
reply
reply
reply
reply
reply
reply
reply
reply
reply
reply
reply
reply
reply
reply
reply
reply
reply
reply
reply
reply
reply
reply
reply
reply
reply
reply
reply
reply
reply
reply
reply
reply
reply
reply
reply
reply
reply
reply
reply
reply
reply
reply

1d=0x0000,
1d=0x0000,
i

seq=24/6144,
eq=25/6400,

seq=27/6912,
8/7168,
9/7424,
5eq=30/7680,
1/7936,
2/8192,
seq=33/8448,
4/8704,
5/8960,
seq=36/9216,
7/9472,
8/9728,
5eq=39/9984,
0/10240,
1/10496,
seq=42/10752,
seq=43/11008,

1d=0%0000,
id=0x0000,
X0000,
1d=0x0000,
X0000,
X0000,
1d=0x0000,
X0000,
1d=0x8000,
1d=0%0000,
id=0x0000,
X0000,
1d=0x0000,
1d=0x0000,

E--T BV

2222
22279779 22222222
22972 22222222
22972 22222222

B 8
Seq=1/256, ttl1=29
e

/512, ttl=29

ttl=29
ttl=29

, ttl=29

ttl=29
ttl=29

, tt1=28

ttl=28
ttl=28

, ttl=28

ttl=28
ttl=29
ttl=29

, ttl=29

ttl=29
ttl=29
ttl=29
ttl=28
ttl=28
tt1=28
ttl=28
ttl=28
ttl=28
ttl=28
tt1=28
tt1=28
ttl=28
ttl=28
ttl=29
tt1=29
ttl=29
ttl=29
ttl=29
ttl=29
ttl=29

Wireshark

~ Frame 1: 84 bytes on wire (672 bits), 84 bytes captured (672 bits) on inte

section number: 1
Interface id: 0 (ppp2)
Packet flags: 8x08800681
Encapsulation type: Raw IP (7)
Arrival Time: Dec 31, 1969 19:00:01.056615000 EST
UTC Arrival Time: Jan 1, 1976 00:60:01.056615000 UTC
Epoch Arrival Time: 1.956615000
[Time shift for this packet: ©.000000000 seconds]
[Time delta from previous captured frame: ©.000080000 seconds]
[Time delta from previous displayed frame: 0.0880800000 seconds]
[Time since reference or first frame: .008000800 seconds]
Frame Number: 1
Frame Length: 84 bytes (672 bits)
capture Length: 84 bytes (672 bits)
[Frame is marked: False]
[Frame is ignored: False]
Point-to-Point Direction: Received (1)
[Protocols in frame: raw:ip:icmp:data
[Coloring Rule Name: ICMP]
[Coloring Rule String: icmp || icmpvé]
Raw packet data
~ Internet Protocol Version 4, Src: 10.0.66.118, Dst: 10.0.66.170
©100 .... = Version: 4
. 9101 = Header Length: 20 bytes (5)
» Differentiated Services Field: ©x00 (DSCP: CSO, ECN: Not-ECT)
Total Length: 84
Identification: ©x6000 (0)
» 000, .... = Flags: 0x@
...6 0060 00O ©6OO = Fragment Offset: ©
Time to Live: 28
Protocol: ICMP (1)
Header Checksum: ©xe58a [validation disabled]
[Header checksum status: Unverified]
Source Address: 16.0.66.118
Destination Address: 10.0.66.170
[Stream index: 0]

Bl internet Control Message Protocol

Type: @ (Echo (ping) reply)
Code: 0

Checksum: @x1515 [correct]
[Checksum Status: Good]
Identifier (BE): O (©xG000)

Internet Control Message Protocol (icmp), 64 bytes

V! show packet bytes  Layout: | Vertical (Stacked) -
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Omnet++ supports emulation
by providing modules that act as bridges
between the simulated and real domains

Clyde River

- g

Possible setups:

simulated node in a real network

a simulated subnet in real network

MUA

real-world node in simulated network
simulated protocol in a real network node

real application in a simulated network node

A roadmap to Digital Twins!
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SQ-ROQ: A Scalable Framework for QoS-Aware
Joint Routing and Queue Management in Satellite
Mega-Constellations

Dhiraj Bhattacharjee’, Pablo G. Madoery', Abhishek Naik®, Halim Yanikomerglu', Giiney Karabulut Kurt®, Colin
Bellinger', and Stéphane Martel*

"Department of Systems and Computer Engineering, Carleton University, Canada
2Polytechnique Montreal, Canada
*National Research Council, Canada
4Satellite Systems, MDA, Canada

Abstract—The modern Internet accommodates a wide range
of applications with heterogeneous quality of service (QoS)
requirements across multiple network performance metrics. Low
Earth orbit (LEQ) satellite constellations have emerged as a
promising solution to support these diverse services, not only
in rural and remote areas but also in urban environments as a

to i Ensuring QoS
in such networks necessitates the joint optimization of routing
and queue management, as effective traffic handling is critical
to maintaining performance guarantees across multiple flows. In

such as surveillance, defense, computing, ing, and navi-
gation with ubiquitous coverage. reliability. and sustainability.
Achieving these ambitious goals affordably requires a pivotal
consideration: the seamless integration of terrestrial and non-
terrestrial networks (NTN) [1]. NTNs are gaining significant
attention from space industry leaders such as SpaceX. Tele-
sat, Amazon, and OneWeb, and are also drawing increasing
interest from the research community. Low Earth orbit (LEO)

cotallita’s mravimit tn Farh affar cianifisant aduantamas e

Non-Terrestrial

SQ-ROQ: A Scalable Frame

%eue Management in Satellite

P.Hio Muwymmaw.mumvmmmom-mum

Demo 2: QoS-aware Routing & Queue Management

Level0

Level 1

- Stable and better faimess|

and user experience.

- Meeting SLA.

- Admission control for

random incoming traffic.

- Adaptive scheduling

policy.

Submitted to IEEE Transactions on Network and Service Management
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Demo 2: QoS-aware Routing & Queue Management

(release) - bed

g T:; I::D!:’ f':"a:":s RO OF Q2E—- @ lact #796] | 75 71417 936, 7041 906,

jext: AF 1packet-d (inet-Packet, id=631) In: Demoz2.satellite(8].ppp[1].ppp (Ppp, id=1009) AL 7.7176304955 (now+0.002693794094s)

: ;] lus “10us. +100us “ms. el e0ms s s B

g @ BRAS (@ RFC 2474 Defines the
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Services (DiffServ)
& g ' architecture
mtﬂm:iﬁallz{ mmfv‘umuﬂ umimwlol
/n/lell‘xe[b] > kel [ B eicels]
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i 5 e Expedited Forwarding (EF)
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i ) (o A Assured Forwarding (AF)
/
satellitef2] u/yiu.u[sl o u’ﬁ[\u]
/ ¥ \
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Demo 2: QoS-aware Routing & Queue Management

) o
7’ /7
OMNeT++/Qtenv (release) - %0- ,. ~
File Simulate Inspect View Help
DrHOw»m»@»n BO O8 Q BE~ & 0@ — 4446 4: 289m: 598 5401 000,
Next: £F1packet-6 (inet-Packet, id=504) in: Demo2.satellite(8Lopp(1] ppp (Ppp, id=1270) AL: 4.293630495 (now+0.004031955)

I‘k’ +100ns “lus s +100us +ims. “10ms “100ms5. 5 105 >
+ 93 Demo2 (Dv 8
® simdltion @ BAAS R

(05Queue1) Demoz.satellie7].ppol2].queue
+ EEQAEwmO BAQL o
[Demoz.satelite7] ppplz] queve
kains 0 pk {0 B) pushed 0 ‘,,;.5,12 ,&,,: 2
‘contains 0 ph o it it I
lled 8 removec 0 dropped 0 | i e i inalf1] el
ves = — o=
= sateliceTS (PackelAF Tpackecs elliels]
(PatkelERTDacket-T A o
containg pk (0 8)pushit0 / /
wﬂgdzz«medndrnpﬂed ",
>
<
) 5 s (0}
(Pat mp:/»,ﬂmomnhu v
conzafns 0 pk (08) pushed 0 i
Fepdaldad a4 sateiie
userTerminalla]
s(hldl*d 2pk(1056B)  schedyled 10 pk (5280 8) y
sf2queve (PacketifFTpackets
pulled 0 removed 0 dropped 0 (P Tpacket:
it orotity a /
satelcels] satelite[s]
7 ~ \
/ // \
/ s A
/. 9 )
] Iandingstation(1] ¥
Iandingstation(o] landingszation(z]
beQueve

> ) 0:18/00:42

O

arleton-N

RFC 2474 Defines the
Differentiated
Services (DiffServ)
architecture

Expedited Forwarding (EF)
Assured Forwarding (AF)

Best Effort (BE)
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Demo 2: QoS-aware Routing & Queue Management

A (

dle Simulate insp
3 O
Adext: pppEnd TxEvent.
T

1
s "ns

» 2§ Demo2 (D
)

simulation

(DSQueue1) Demo2.satellite(S].ppp{2].queve

T EEQAEm@® BAQAS

O
% iffservQueue #0 - omnetpp.ini - /h o 7 o

Demo2 satetlite(5] pop[2].aueue

contains 0 pk (0 8) pushed 0
pulled 0 removed 0 dropped 0

contains o! k(08)Busied 0
pulied 12 ttmmdommd 0

coftains: Epk:v-!)usnea n
pyiled g'removed 0 dropps

schedulgd 15 pk (792

Eﬂ%&&%

(DSQueue1) Demoz.satellite[7).pppl2].queve

+ EEQ w0 BA_S B

bemoz.saullirt{nwp(zl queue
0.0k (08) pushed 0
puled 13 removed 0 dropped 0

}\nhrd o

uuuumeﬁmd dropped 0

ains T pkio o sm 3
lied0removed 0
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End-to-end latency (in sec)

2

Expedited Forwarding (EF)

10!
—— ef default route fifo queue
—— ef modified route fifo queue
— ef default route diffserv queue
—— ef modified route diffserv queue
1004
10-14
1072

0.02 0.03 0.04 0.05 0.06 0.07 0.08

Changing route gives some advantage upto a point

0.09
Packet Generation Rate (in packets per second)

End-to-end latency (in sec)

10!

Assured Forwarding (AF)

10° 4

1014

1072

af default route fifo queue

af modified route fifo queue

- af default route diffserv queue
af modified route diffserv queue

0.02

0.03 0.04 0.05 0.06 0.07 0.08 0.09
Packet Generation Rate (in packets per second)

0.10

End-to-end latency (in sec)

We need the queueing architecture to see the real gain here
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Fig. 1: Average end-to-end latency vs Traffic Load for EF, AF, and BE traffic

Research Question: How to select routes and weights to improve QoS and fairness?
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Dynamic Assignment and Activation of SDN
Controllers in LEO Satellite Constellations

‘Wafa Hasanain*, Pablo G. Madoery*, Halim Yanikomeroglu*, Gunes Karabulut Ku

, Sameera Siddiqui,

Stephane Martelf, Khaled Ahmedi, Colin Bellingert
* Non-Terrestrial Networks (NTN) Lab, Department of Systems and Computer Engineering, Carleton University, Canada
|| Poly-Grames Research Center, Department of Electrical Engineering, Polytechnigue Moniréal, Montréal, Canada
§ Defence Research and Development Canada, Canada
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Abstract—Software-defined networking (SDN) has emerged as
a promising approach for managing traditional satellite com-
munication. This will enhance opportunities for future services,
including integrating satellite and terrestrial networks. In this
paper, we develop an SDN framework using the OMNeT++
simulator to model the behavior of SDN controllers and switches
in non-terrestrial networks (NTN). Dynamic assign-

its benefits, SDN also presents new challenges when applied
to NTN. The controller assignment problem is a significant
challenge that is critical in large-scale distributed networks.
This problem involves determining the optimal number of
controllers required for efficient network management and

i atellites (or switches) to controllers 10 maximize

ment is one of the most significant challenges for large low
Earth orbit (LEQ) constellations. Due to the movement of
LEO satellites, satellite-controller assignments must be updated
frequently to maintain low propagation delays. To address this
issue, we present a dynamic satellite-to-controller assignment
(DSCA) optimization problem that continuously adjusts these

Accepted at IEEE PIMRC Conference and under review at IEEE Open Journal of Vehicular Technology 24

network resilience and quality of service (QoS) [2]. Satellite
networks with dynamic topologies add another level of com-
plexity. Since satellites orbit the Earth rapidly, their relative
positions o SDN controllers change constantly, resulting in
fluctuating communication latencies. As a result, satellite-to-

Demo 3: Software-Defined Network Architectures
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Research Questions:

How many controllers
and where?

How to activate them
dynamically over time?

How to associate satellites
to controllers over time?

What are the advantages
and what are the penalties?

How to balance performance
and overhead?
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Energy-Efficient Satellite [oT Optical Downlinks
Using Weather-Adaptive Reinforcement Learning
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* Non-Terrestrial Networks (NTN) Lab, Department of Systems and Computer Engineering, Carleton University, Canada
| Poly-Grames Research Center, Department of Electrical Engineering, Polytechnique Montréal, Montréal, Canada
T National Research Council Canada, Canada
t Defence Research and Development Canada, Canada
b Satellite Systems, MDA, Canada

Abstract—Internet of Things (1oT) devices have become in-
ereasingly ubiqui with lications not only in urban areas
but remote areas as well. These devices support industries such as
agriculture, forestry, and resource extraction. Due to the device
location being in remote areas, satellites are frequently used to
collect and deliver ToT device data to customers, As these devices
become increasingly advanced and numerous, the amount of data
produced has rapidly increased potentially straining the ability
for radie frequency (RF) downlink capacity. Free space optical

Accepted at IEEE PIMRC and the IEEE International Conference on Communications (ICC 2025)

In recent years free space optical (FSO) communications have
been proposed due to the high data rates that can be achieved.
However, FSO communications are heavily impacted by
adverse weather conditions such as cloud cover. As cloud
cover can be forecasted using physical weather models such
as the regional deterministic prediction system (RDPS) [2] or
machine learning-based techniques (3], using this information
to make intelligent routing decisions is possible.
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Demo 4: Weather-aware Routing
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Research Questions:

How many and which backup
routes to configure?

What are the advantages
and what are the penalties?

How to balance performance
and overhead?

How to use weather forecasts
and Reinforcement Learning
to configure backup routes?
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Green Traffic Engineering for Satellite Networks
Using Segment Routing Flexible Algorithm
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Abvlracl—Lurgc-uale I«w-Eurih-«)rhll (LEO) constellations de-
mand routing that energy,
delivery under congestion, and meets latency requirements for
time-critical flows. We present a segment routing over IPv6
(SRv6) flexible algorithm (Flex-Algo) framework that consists of
three logical slices: an energy-efficient slice (Algo 130), a high-
reliability slice (Algo 129), and a latency-sensitive slice (Algo
128). The framework provides a unified mixed-integer linear
program (MILP) that combines satellite CPU power, packet

enables dynamic control over the network, supporting green
TE for energy-constrained satellite constellations.

Flexible algorithm (Flex-Algo) represents a pivotal inno-
vation in SR, extending interior gateway protocols (IGP)
to compute constraint-based paths within the control plane
[8]. Flex-Algo can create multiple virtual topologies based
on different real-time metrics, such as latency and energy

delivery rate (PDR), and end-to-end latency into a single objecti

allowing a lightweight software-defined network (SDN) controller
to steer traffic from the source node. Emulation of Telesat’s
1 shows that, with different
routing schemes, the proposed design reduces the average CPU
usage by 73%, maintains a PDR above 91% during traffic bursts,
and decreases urgent flow delay by 18 ms between Ottawa and
‘Vancouver. The results confirm Flex-Algo’s value as a slice-based

Accepted at IEEE Global Communications Conference (Globecom 2025)

and dy lly select paths at the source node

once Ihu SID stack is assigned. The lnht.n,m flexibility of Flex-

Algo simplifies network lability, and

supports intent-based networking frameworks [9], making it

particularly suitable for satellite networks that must mpully
adapt to link failures, load ions, and energy

This paper proposes a comprehensive framework that inte-

Green Satellite Networks Using Segment Routing and Software-
Defined Networking
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