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Agenda

• Introduction – Background and Story

• SatCom Link Budget

• PathWave System Design and System Toolkit (STK) Link

• Complete System Simulation – The Digital Twin
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Digital Mission Engineering – The Digital Twin 

Create Digital Twin from Bits-in to Bits-out
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Scenario Architecture/Story

AGI - HQ

Rcvr

Sat (DL) XmitSat (UL) Rcvr

KEYS - HQ

Xmit

SETUP

Two ground stations with Xmit/Rcvr Object 

communicating with a passing LEO 

satellite with applicable Xmit/Rcvr objects

Satellite Comms

The comm equipment modeled on the 

satellite is assuming a Tx/Rx phased array 

antennas with adaptive beamforming 

utilized to focus on the ground 

transmitter/receiver

Ground Comms

The comm equipment modeled at the 

ground stations are defined with parabolic 

dish tracking antennas.

RF Link Quality

The links can be explored separately, both 

the Uplink and Downlink path.  Access has 

already been calculated and there are 

Reports within the Report & Graph 

Manager to explore the link metrics that 

are intended to be used within SystemVue
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Link Analysis: Satellite – Bent Pipe Version 12/21/20

• Home grown tools such as this one are:

• Difficult to follow from a Management or Design perspective

• Many engineering hours spent on customizing for each project, 

i.e., not easy to leverage for other projects

• Prone to data entry and modelling mistakes

• Can only handle anticipated impairments
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PathWave System Design – Link Analysis

• Validated across Aerospace/Defense and wireless industries.

• Unique RF Modeling Excellence that provides faster operational  confidence
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RF Engineering Designs
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Phased Array Designs
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Circular Dish Modeling
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* Spreadsheet table format results can be viewed and exported, see Appendix for an example.
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RF/µW Circuits 
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PathWave System Design: Your Digital Engineering Flow

Antenna Array
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STK & PathWave System Design Integration

System Design (SystemVue)

Reference Mission Design Reference Platform
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Connection to STK Scenario

• The connection to STK is via 

the SystemVue STK_Interface

component.

• SystemVue will recognize the 

STK scenario and objects in 

this scenario.
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Utilizing STK Scenario Dynamic Channel in SystemVue

• The STK_Interface output can then be used in SystemVue to form a dynamic 

channel (i.e., one that includes Kinematics)

• This schematic utilizes the propagation delay, propagation loss and equivalent 

temperature to form a time variant noisy channel with fading and doppler effects

• In SystemVue the waveform is then perturb by this dynamic channel

Added 

Noise
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Utilizing STK Scenario Dynamic Channel in SystemVue – cont.
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Channel Model

Time Varying Channel Setup

1. Transmit Antenna Gain

2. Delay Bias cancelation, helps speed 

simulation (optional)

3. Time varying delay

4. Propagation loss, multiply by -1 to 

convert STK value to negative dB 

value

5. Receive Antenna Gain

6. Temperature dependent noise 

source
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Satellite Uplink and Downlink – First System Test

• Simulation can have more than one STK_Interface component

• In this example two dynamic channels are formed, uplink and downlink

• Initial assessment such as this one can be done to verify mission parameters are as expected 

and that a successful and accurate link is being modeled with high fidelity

Satellite Converter
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SystemVue Scenario Time Sweep

• Scenario Time is controlled from STK scenario properties

• SystemVue controls Sampling Time and the Number of Samples used to characterize the 

waveforms.

• SystemVue has a dedicated STK Sweep controller.
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Received Satellite & Ground Station Spectrum Over Time

• The orbital Kinematics effects 

are visible from the reduction in 

power (fading) over time and the 

frequency shift (doppler) effects 

noticeable on this plot

• Spectrum over time data that 

matches actual satellite flight 

performance
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Flexible Modulated Waveforms Emulating Digital Modem

• The DigiMod Source and Receiver in SystemVue provide a flexible digital modem

• Frame structures with Idle Time, Preamble and Data Payload can be specified

• Large selection of digital modulations from BPSK, QAM (thru 4096 levels) and APSK are 

available for Preamble and Data Payload

• Addition of Noise Density component determines Signal to Noise Ratio (SNR)
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Waveform Demodulation and BER

• VSA demodulates and analyzes our 

custom waveform

• Connectivity with the VSA SW allows the 

users to perform demodulation of 

practically any waveform

• The VSA sink can be connected to any 

node in your schematic

• Combining the BER sink with a SNR 

parameter sweep shows BER vs EbNo

• BER can be lengthy simulations

• Doing BER at this stage before kinematics 

and impairments are added, provides insight 

that helps with complete system simulation
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Complete System Simulation

• Including RF Tx, RX, Bent pipe RF and Phased Array Designs

• Using RF_Link and PhasedArray_Link.  

• Once the Tx, RX and Phased Array 

designers have a working design you 

can add fidelity to the twin.

You can also add other twins (evil twin?). 

In STK added a cell tower near Ekton Mall
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Detailed Phased Array Designs using COTS Parts

• Satellite has two Phased Arrays, Tx & Rx.

• This is the Rx Phased Array

• 3D/Conformal Array with RF COTS parts
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Detailed RF Designs using COTS Parts

• RF Circuits are a mixture of 

COTS parts and basic 

SystemVue parts

• The point here is you can 

start evaluation even if you 

have not identified all the 

actual parts needed

Satellite Bent Pipe RF Transceiver

Ground Station RF Receiver
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Results – Satellite Transmitter
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Communications Transmitter Location

1.75 Km

Frequency: 6.075 GHz

EIRP: 100 W

BW: 100 MHz



31

Results - Interferer Level Sensitive 1
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Results - Interferer Level Sensitive 2
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Results - Interferer Level Sensitive 3
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Thank You!

Visit us at: https://www.Keysight.com/find/system-design

https://www.agi.com

https://www.keysight.com/find/system-design
https://www.agi.com/
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Appendix A
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PathWave System Design - Detailed Analysis


