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Purpose of this document 
This datasheet describes the functionality of Spirent’s SimGEN when integrated with OKTAL Synthetic Environment’s 
SE-WORKBENCH-GNSS. 
 
This datasheet also provides technical product specification data and configuration information. Please speak to your 
Spirent sales representative to discuss your requirements. 
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Introduction 
 
The SimGEN with SE-NAV Integration allows the user to generate obscuration and multipath effects at RF 
automatically based upon a 3D synthetic environment. 
 
This unique COTS solution makes use of two well established and powerful tools (SimGEN and SE-NAV) to test the 
effect of multipath on the DUT based upon a 3D model. 
 
 
OKTAL-SE SE-Workbench-GNSS 
 
The company OKTAL Synthetic Environment (or OKTAL-SE) has developed a complete set of tools to simulate the 
propagation of GNSS signals in constrained environments. This workbench, called SE-WORKBENCH-GNSS, is 
made of different (geometrical and physical) editors to create advanced 3D mock-ups (also called 3D Synthetic 
Environments) as well as a RayTracing simulator, SE-NAV, to compute and analyse the propagation of the signal 
within a complex environment (such as an urban canyons for instance) 
 
SE-NAV is a deterministic simulator based on asymptotic solving of the Maxwell’s equations: indeed, it uses 
RayTracing combined with Geometrical Optics and Uniform Theory of Diffraction to compute: 
 

- The obscuration created by the buildings or obstacles surrounding the receiver (that can lead to availability 
problem). 

- The multipath (reflections, diffractions or transmissions) reaching the receiver (that impact the system 
performance). 

 
SE-NAV is fully compliant with the SimGEN Remote Control protocol. Connected to SimGEN, SE-NAV computes 
and provides in real time the deterministic propagation information (such as the obscuration, multipath received 
power, delay, phase etc.) 
 
 
 
  



 
 
 
Datasheet MS3103 Issue 1-00 February 2017 

 
Spirent SimGEN with SE-NAV Datasheet 

 

 
 

6  |  spirent.com 
 

Interfaces with SimGEN 
 
SE-NAV supplies three different interfaces with SimGEN: 
 
1) Creation of deterministic Land Mobile Multipath File (LMM) 
 
SE-NAV produces 3D obscuration files in LMM format. SimGEN can directly import these files to model the impact of the 
local environment in a post processing task. This mode is relevant only for static simulation (i.e. the receiver remains still 
during the whole simulation time). 
 

 

 
 

 
2) Real time Interface 
 
SE-NAV can communicate in real time with SimGEN. Indeed, SE-NAV provides client facilities in order to be interfaced 
with SimGEN thanks to the SimREMOTE protocol. 
 
 
3) OTA zone chamber interface 
 
SE-NAV can also communicate with several SimGEN. In that case, SE-NAV deals the computed data to several 
SimGEN clients according to the data attributes (elevation and azimuth of the incoming multipath).  

 
 

  

Figure 1 - LMM Model 
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Use case of the SE-WORKBENCH-GNSS 

 
• R&D and/or measurement campaigns dealing with the propagation of navigation signals in stringent 

environments  
• Detection of black/problem areas  
• Fleet management, safety of transport, communication for transport  
• Aid for the development and the deployment of Localized Based Services (LBS): transportation, tourism, 

environment.  
• Operational conditions maintenance of space and terrestrial systems.  
• Military applications: mission planning and rehearsal, coverage computation in hostile environment, 

electronic warfare, and mission follow.  
• Protection and rescue: fireman and rescuer of the future, soldier and policeman of the future 

 
 

Synthetic environment 
 

SE-NAV use Synthetic Environments to carry out a simulation. A Synthetic Environment is a virtual representation 
of a real environment. It mimics the geometries (terrains, buildings, vehicles etc…) as well as the Physics (material, 
atmosphere…). 
 
Synthetic Environments can be sorted out in two types: 

 
1) “Geo-typical” Environment: These mock-ups model a realistic environment, i.e. an environment that does not 

exist but that looks like familiar (e.g. a European dense city, mountainous areas etc.) 
 

2) “Geo-specific” Environment: These mock-ups model a real environment, i.e. an accurate description of a 
real scene in term of geometry and physics. 

 
The creation of a Synthetic Environment is the first issue to solve as it is the main input of all of OKTAL-SE 
software. The scheme below shows how the solution can fulfil the different requirements of creation of a relevant 
Synthetic Environment
 
 

 
Figure 2 - Synthetic Environment Generation
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Figure 3 - SE-AGETIM-LIGHT GUI 

Software description 
 
The SE-WORKBENCH-GNSS is made of several tools. This section describes briefly their main features. 
 
SE-AGETIM-LIGHT 
 
SE-AGETIM-LIGHT is a simple terrain generation tool. Any user should be able to generate a virtual 3D scene, 
ready simulation through SE-WORKBENCH-GNSS tools. The user can import existing data (planimetry, 
altimetry, photography), and slightly modify parts of it. The data is automatically treated (corrected, simplified, 
kept or ignored in the generation process…), and the result are a virtual mock-up ready to be imported by SE-
NAV. 
 
The GIS (Geographical Information System) user interface of SE-AGETIM-LIGHT also requires the third party 
GlobalMapperTM software that is included in the SE-AGETIM-LIGHT software delivery. 
 
The basic features of SE-AGETIM-LIGHT are the following:  

• Source data acquisition via internet  
• Terrain generation (minimizing GIS operation)  
• Priority to the realism and aesthetics of the generated DB  
• Robustness with regard to the quality of source data  
• Opportunist approach: if the source data is good, it is used. If not, it is ignored. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

  
 
SE-FFT AND PLUG-INS 
 
Converting an existing 3D database into native SE-WORKBENCH-GNSS format can be done using SE-FFT 
converters. SE-FFT consists in a set of bi-directional conversion tools used for the import/export from/to SDM 
format (working format of OKTAL-SE simulation software) from/to other standards such as Open FLT, DXF 
and VRML. 
 
The software is delivered with plug-ins to 3DSMaxTM and SketchUp  that enable the import/export and TM

modification of many 3D formats for objects geometry and meshing: 
 
Import & export range of formats 
 
The user can import and export an impressive range of formats that are managed by the 3rd parties’ tools. 
For SketchUp:  

• SKP, KMZ, 3DS, COLLADA, DEM  
 
For 3DSMAX: 

• 3DX, FBX, DWG, FLT, IGES, OBJ, SHP, STL, VRML, VIZ 
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Library of 3D models 
The user can import many different models from the internet, directly from a 3rd parties tools GUI (several 
thousands). These models can be imported and physically enhanced in SDM format. 

 

 
Figure 4 - Example of free F16 Fighter 3D models found on Internet for SketchUp 

 
Complex shapes 
Using 3DSMax, it is possible to import bicubic surfaces (Bsurf, Bezier, NURBS). It is also possible to import CSG 
files (hierarchy of algebra operation on canonical volumes). In both cases, using 3DMax, it is possible to 
automatically mesh these shapes into triangles that can be used in SE-WORKBENCH-GNSS. 

 

 
Figure 5 - After triangle meshing 

 
Figure 6 - Using NURBS 
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SE-NAV 
SE-NAV is a deterministic simulator dedicated to the assessment of GNSS signals reception in constrained 
environments. This software assesses the performance (i.e. availability and reliability) of space and/or terrestrial 
GNSS systems in 3D virtual scenes representatives of real areas. 

 

Deterministic method 
SE-NAV uses the deterministic method of Ray Tracing to compute the shadowing effects and the multipath 
(reflections, diffractions, transmissions) generated by the objects of the environment. SE-NAV uses geometrical 
optics (for reflections and transmissions) and Uniform Theory of Diffraction (for diffractions) to model the influence 
of buildings on the propagation of the GNSS signal. 

 

 
   Figure 7 - GPS reception in Toulouse (Place du Capitole). 

 
White rays model the incoming signal from the GPS satellites (LOS). Blue (diffraction), red (reflections) and green 
(transmissions) rays are multipath (NLOS). 
 
SE-NAV embeds a proprietary GPU core providing users with relevant outputs in record times. The principle is to 
use the GPU resources instead of the CPU to perform Ray Tracing to decrease drastically the simulation time.  

  

 
Figure 8 - Computation time GPU vs. CPU codes 
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Environmental modelling  
SE-NAV includes a high-performance render engine that displays a 3D scene as well as 3D information such as 
the hiding mask, the multipath reaching the receiver or the coverage within a given area. The electromagnetic 
parameters of each object of a scene are easily configurable by the user thanks to an intuitive interface. 

      
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 9 - Example of Environment Modelling 
 
Left: LOS + NLOS visibility diagram near Roppongi Hills Mori Tower. Right: Reception of signal near Tokyo tower. 
Terrestrial beacons are located on buildings’ roofs 

 

Simulation modes 
SE-NAV defines four simulation modes:  

• Simulations along trajectories (the location, speed and attitude of the receiver can be easily set by the 
user).  

• Static simulations (motionless receivers as time elapses) 
• Coverage (maps computation)  
• Remote Control simulation (interface with SImGEN).  

  

    
Figure 10 - Different Simulations Modes 

 
Left: Example of a static simulation: Reception of signal emitted by terrestrial beacons. Right: Example of a 
coverage simulation: availability of the GPS constellation in Toulouse centre. 
 
SE-NAV also provides replay facilities to display, in 3D, simulations that have been previously carried out. 
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In addition, SE-NAV provides an ergonomic GUI to model GNSS constellations (automatic import of YUMA GPS 
almanacs, creation of GNSS constellation) as well as terrestrial beacons (repeaters, Pseudolite). 

 

SE-NAV outputs 
SE-NAV produces numerous business oriented data stored in ASCII files (SCILABTM/MATLABTM format). SE-
NAV computes the complete link budget of each transmission channel. The received powers of every multipath as 
well as the composite powers of every channel are provided. SE-NAV also computes geometrical output such as 
visibilities (LOS, NLOS, deep NLOS), Dilutions Of Precision (HDOP, VDOP, TDOP, PDOP and GDOP) or Doppler 
shifts. 
 
As SE-NAV is a deterministic simulator, it can also provide multipath branches geometries or satellites and receiver 
locations (in several frames such as ECEF, geodesic frame or topocentrical frame). 
 

SimGEN and SE-NAV integration 
The integration of SE-NAV with SimGEN enable the user to generate obscuration and multipath effects at RF 
automatically based upon the 3D model, digital terrain elevation models are available for a number of cities; when 
working with SimGEN these models generate automatic obscuration and indicative multipath effects.  
 
 

 
 
The SE-NAV and SimGEN integration is supported in both conducted and OTA zoned chamber environments. 
 
When running in OTA zoned chamber mode, Spirent’s solution ensures that the correct multipath signal will be 
generated and then radiated from the right zone in the chamber as computed by SE-NAV.  
 
With an appropriate arrival angle it is expected that the MP effects vary with orientation of the DUT in a chamber 
that would be difficult to simulate in a conducted test. 
 
 
 
 
 
 
 
 

  
•SE-NAV uses synthetic environments to carry out a simulation 

  
•SE-NAV uses the deterministic method of Ray Tracing combined with Geometrical Optics and Uniform 

Theory of Diffraction to compute multipaths (Reflections on surfaces, Transmissions through walls and 
Diffractions on the edges) 

  
•These MP propagation algorithms are executed in real time through a proprietary SE-NAV GPU Ray tracing 

kernel 

  
•SE-NAV returns, in real time (through SimGEN Remote commands), the propagation information (power, 

delay, doppler…) in order to compute the impact of the modelled environment on the performance of a real 
receiver 
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OTA mode overview (zoned chamber) 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 11 - OTA mode System Overview 
 

• Additional group is added to the chamber 
o This consists of a single Host PC running both SE-NAV and SimGEN in no HW mode 

• The synchronisation between all groups and SE-NAV is maintained using MultiSIM 
• SE-NAV group uses the dedicated network to send REMOTE commands to each of the zones 
• SE-NAV is loaded with a zone file identical to the one held in the scenario folder on the base PC 

Conducted mode overview 
  

Existing HW                                               Additional HW 

  

 

 

 

 

 

Figure 12 - Conducted mode System Overview 
 

• A data streaming messages is used to update SE-NAV with all required data to compute the multipath  
• SE-NAV sends REMOTE commands to SimGEN to control the NLOS and multipath signal 
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SimGEN 
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Performance specifications  

Generic performance specifications 

Generic performance specifications apply to both the OTA and conducted mode of operation. 

Table 1 General Performance Levels 

 

 

Multipath control  

The following control is available in the SE-NAV GUI, these options cannot be modified during run time.   
• Ability to enable reflection only, diffraction only or both 
• Ability to switch MP off (Obscuration mode) 
• Ability to control the maximum reflections calculated per ray5/6/7 

 

 
          Figure 13 - Multipath Control GUI 

 
 
                                                
1 SE-NAV supports these constellations. Constellations are subject to separate Spirent licences. 
2 This is the maximum visible SVs at any one time during the simulation 
3 The rate at which SimGEN calculate the LOS signal and the Hardware is updated 
4 The rate at which SE-NAV update the SimGEN and then subsequently the HW with NLOS and MP modifications 
5 This is the maximum reflection a single ray will make before it reaches the receiver. 
6 Spirent recommends a maximum of 4 reflections, increasing the number above this will add extra computation power on SE-

NAV that might result in higher latency or missed data due to the maximum number of SVs. 
7 Any reflections above 4 are most likely very weak in power and will have a negligible effect on the receiver. 

Parameter Value Foot note 

Supported Constellations 

GPS L1 

1 

GLO L1 
GAL E1 
BEI B1 
SBAS L1 
QZSS L1 

Maximum SV per Simulation 40 SVs 2 

Simulation Update Rate 10 Hz 3 

Multipath Update Rate 2 Hz 4 
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Multipath filtering8 

SE-NAV ray tracing algorithm computes every ray (multipath) for each of SV in view. The need for multipath 
filtering has arisen from the limitation in the hardware and the number of channels that could be simulated. The 
multipath filtering algorithm enables the user to control the maximum number of multipath simulated by SimGEN as 
well as giving the user control over which multipath to choose to send to SimGEN from the vast number of 
multipaths calculated by SE-NAV 
 
In addition, the multipath filtering algorithm is useful as a tool in understanding the DUT behaviour based on 
different set of rays (i.e. multipath sorted by power or delay) 
 
The following Flow diagram explain the filtering mechanism 

 
 

 
          Figure 14 - Multipath filtering GUI 

 
 
                                                
8 In OTA mode, the filtering applies to the whole chamber, specific zones filtering are to be covered in Zone based multipath  
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Motion simulation 

SE-NAV is capable of simulating scenarios with vehicle (DUT) motion. The route of the vehicle is defined and 
controlled in SimGEN as per the usual SimGEN tools - SE-NAV receives vehicle trajectories during simulation 
using data streaming data from SimGEN to SE-NAV 

OTA mode performance specifications 

The specific performances in an OTA mode depend on the following zoned chamber configuration: 

• Number of zones per chamber (zonesper_chamber) 

• Number of channels enabled for each constellation per zone (chanper_zone) 

• Number of channels reserved for LOS (LOSper_zone) 

• Number of constellations enabled for each zone (consper_zone) 

 

Table 2 OTA Mode Specific Performance Levels 

 

 
 
 
MP allocation 
At the start of simulation 1 MP channel is reserved per each SV in view at each zone, this ensure that during 
simulation the multipath signal is simulated from the correct zone based on a pre-set Az and El boundaries. 

Zone based multipath filtering  

There are instances where more than one multipath signal is available from one zone, in such cases the user will 
have the option to filter the multipath based on power or delay9 

Ground reflections 
In cases where the chamber’s zones do not cover ground reflections, the user will have the option to simulate 
those reflections from any random zone with free multipath channels.10 

 

Conducted mode performance specifications 
The specific performances in conducted mode depend on the following: 

• Maximum number of channels enabled per constellation (chanper_const) 

• Max SV in view per constellation in the simulation (SVin_view_per_cons_per_simulation) 

• Maximum desired MP per SV in view (MPper_SV_in_view) 

 
 
                                                
9 This option is global for all zones and has to be set pre simulation 
10 This option has to be set pre simulation 

Parameter Value Foot note 
Maximum simulated SVs from single constellation chanper_zone -  LOSper_zone 

 

Maximum MP for each simulated SV per zone 1  

Maximum MP for each simulated SV per chamber zonesper_chamber  
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The following equation defines the allowed Max MP per SV based on Max SV per constellation during simulation: 

 

MPper_SV_in_view          =  chanenabled_per_const  – SVin_view_per_cons_per_simulation 

SVin_view_per_cons_per_simulation 

 

Table 3 Example for a configuration of 64 Channels per constellation 

 
 
 
 
 
 
 
 

 

Related brochures, data sheets and specifications 
 Table 4  Related Product References 

Related Product Description Data Sheet / 
Specification 

GSS7000 Multi-Frequency, Multi-GNSS RF Constellation Simulator MS7000 
GSS9000 High-End Multi-Frequency, Multi-GNSS RF Constellation Simulator MS9000 
   

Ordering Information 
Table 5 Part Numbers 

Part number Description 

TS1431-2 PC host for SE-Workbench-GNSS 
TS1431-3 Bespoke map convertor12 
 
 
 

 

Table 6 Generic Deliverables 

Item No. Quantity Description 

 
 
                                                
11 One of the SVs will have 8 MPs 
12 Optional 

Max SV per constellation Max MP per SV 
4 15 
6 1011 
8 7 

10 5 
12 4 
16 3 
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Item No. Quantity Description 

1 1 PC host for SE-Workbench-GNSS (including GPU) 
2 1 Ethernet Kit 
3 1 SE-FFT (Including SketchUp/3DSmax plug) 
4 1 SE-AGETIM-LIGHT 
5 1 SE-NAV 
6 1 Validation Dossier 
7 1 Protocol Description 
8 1 Urban Database (Center of Toulouse) 
9 1 Physical Model Documentation 
10 1 User Manuals (SE-NAV related) 
11 1 User Manual (SimGEN with SE-NAV) 
   

Please contact a Spirent sales representative to discuss the purchase of additional channels or constellations.  

Glossary of terms 

Az Azimuth 
COTS Commercial Of The Shelf  
DoA Direction of Arrival 
DUT Device Under Test 
El Elevation  
GNSS Global Navigation Satellite System (Galileo +GPS+SBAS+GLONASS+IRNSS+BeiDou) 
GPS Global Positioning System US GNSS system 
GUI Graphical User Interface 
LOS Line of Sight 
MP Multipath 
NLOS None Line of Sight 
OS Operating System 
OTA Over the Air 
R&D Research and Development 
SDM Signed Differential Mapping 
SIR Simulation Iteration Rate 
SV Satellite Vehicle 

 

Referenced documents 

(a) MS3008 SimGEN Software Suite Datasheet Specification [Latest Issue] 

(b) SPIRENT/335-16.355/A-v2.0 SE-WORKBENCH-GNSS package & Training [Latest Issue] 
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For more information 
For more information on any aspect of the GSS7000, please contact your Spirent representative or Spirent directly: 

Spirent Communications plc 

Address: Aspen Way, Paignton, Devon TQ4 7QR, UK 

Telephone: +44 1803 456325 

E-mail: globalsales@spirent.com 

Website: www.spirent.com 

 

US Government & Defence, Spirent Federal Systems Inc., 

Address: 1402 W. State Road, Pleasant Grove, UT 84062 

Telephone: +1 801 785 1448 

E-mail: info@spirentfederal.com 

Website: www.spirentfederal.com 

 

 

 

mailto:globalsales@spirent.com
http://www.spirent.com/Solutions/GNSS-Developers
mailto:info@spirentfederal.com
http://www.spirentfederal.com/
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