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Introduction

NovAtel is pleased to announce Version 8.50 of its suite of post-processing products, including Inertial
Explorer® and GrafNav/GrafNet®. This document contains detailed information about the new features
and where to find them.

Licensing

Separate Inertial Explorer 8.50 setups are available for USB and FlexNet (keyless) licensing. If interested
in moving to the keyless version, please email support@novatel.com with your four or five digit licence

number for a demo of this product.
IMU Processing

Leica airborne sensor workflow

Inertial Explorer now includes full support for Leica users, including IPAS-TC and IPAS-PRO customers.
This option is accessible within the “Solution” tab of Settings | Preferences:

Preferences I. ? iE_J

Solution | Bxport | Update

Solution Settings
Automatically load solution on project start

Processing '
Default Datum: \wGsas -
Antenna Comection Profile: [ngsﬂﬂ.abt "’]

Process forward /reverse directions simultaneoushy:
1 Always " Never i@ Onby if multiple CPUs exist on this machine

Perform preprocessing

[ Perform emoathing autn:nmatin::all',r Leica aibome sensor w::nrkﬂn:D

When enabled, raw Leica data (GNSS, IMU and gimbal) is converted to an Inertial Explorer readable
format. A .sol file is also automatically produced after smoothing.

Improved variance factor testing

We have improved our statistical testing methods that determine whether Inertial Explorer accepts or
rejects GNSS updates (position, phase, and range). The new method shows improved results when the
GNSS update rate is high (> 1 Hz) and where the processing environment is more challenging (downtown
and urban environments).
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The new method also provides much faster recovery after a poor alignment. The above figures show an
unsmoothed fwd/rev position separation plot for a ground vehicle survey after processed in both
versions. The IMU used was a SPAN-FSAS IMU and the GNSS update rate was 10 Hz.

New tolerances for automatically detecting Zero Velocity Updates (ZUPTs)

New thresholds are accessible within the “Updates” tab which provide advanced control over
automated ZUPT detection. The importance of robust automated ZUPT detection where GNSS updates
are unavailable cannot be underestimated, as significant errors will accumulate if ZUPTs are not
detected or if ZUPTs are falsely detected.

The “Raw Measurement” tolerance, which uses raw gyroscope measurements to detect ZUPTs, enables
Inertial Explorer to reliably detect many more ZUPTs from MEMS base sensors (such as the ADIS16488)
and in general works well for all IMUs tested.



System |5tates Updates |I'H'Inurrt | User D‘nds|

Varance Factors Applied in GNSS Residual Testing
Postion: 3.0 Range: 2.0

Phase: 10.0

Automated ZUPT Detection Tolerances

1 Raw Measurement: 0.020 degs/s Velocity: 0.100 mis

Period: 1 SED

Improved lever arm estimates

When solving or checking lever arms in 8.40, the result would sometimes diverge if the vehicle moved at
low velocity for extended periods or if the vehicle had frequent stops and starts. We implemented a
minimum speed for solving lever arms in 8.50 which minimizes the chances of this effect occurring. This
value is adjustable if necessary. Further, we have reduced the default initial standard deviation, which

also produces improved results on most surveys.

Ermrar Model

Select erar model;

[¥] Lock selection  [Sr e me

| %
|System States |Updates | Mount | Uzer D‘nds|
Mavigation (High Precision) - Add From
MovAtel SPAN (ADIS 16488)
MowvAtel SPAN (AG11/58) |:| Edit
MowvAtel SPAN [AG17/62)
LT - Remowve

Solve IMU-2GMSS Lever Amm
Solve for Lever Amns

Gn'rtial Std Dev fofzfy);  0.200 im} Min Req Velocity 5.000 {mf’s})




Diagnostics

Distance Measurement Instrument (DMI) Analysis tool

A new plot is available in version 8.50 to help optimize input parameters used for DMI sensors and

troubleshoot DMI processing issues. This plot converts the DMI measurements to horizontal speed and

plots this together with the processed GNSS/INS horizontal speed.

The plot can be regenerated after changing parameters such as the wheel circumference. This tool can

be helpful in determining timing biases or any incorrect initial parameters which may be hindering

Inertial Explorer from using the DMI data correctly.
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GNSS Processing

Support for Absolute Antenna Models

Version 8.50 will feature support for absolute antenna models. All previous versions of Waypoint

Products supported relative models. The default source of absolute antenna models will be ngs08.atx,

however users can download an alternate ATX file and change the default source within “Settings |

Preferences”.



Solution | Export | Update

Solution Settings
Automatically load saolution on project start

Processing
Default Datum: [WGSEA v]
I (_-_f-'-_rrtenna Comection Profile: [ngsﬂﬂ.atr. vD

Inertial Explorer will perform relative to absolute antenna conversions internally if reprocessing projects
created in previous versions. Therefore no special action needs to be taken by the user if reprocessing
old projects.

Moving Baseline Processing

While not applicable to GNSS/INS processing, Inertial Explorer users can access GrafNav’s new moving
baseline capability by installing GrafNav separately. Previously a separate software package (GrafMov)
was required for this functionality. This option, off by default, can be engaged from the Settings menu
as shown below.

Output Tools Window Help

Coordinate/&ntenna

( Moving Baseline Options )]

Datum
Grid
DEM Plotting

Manage Profiles

Compare Configuration Files

Preferences ...

Only engage the moving baseline functionality if your base station is on a moving platform and you are
interested in the relative vector between base and rover antenna. This is because in moving baseline
processing the base station coordinates are not fixed. Thus, this mode of processing does not deliver
accurate absolute positioning results.

New Advanced ARTK Options

Four new ARTK options have been added to version 8.50 in order to provide more flexibility if
reprocessing is needed. These options provide access to the minimum reliability, maximum RMS,
minimum float/fixed separation (minimum level of convergence) and maximum fixed/fixed separation.



| General | ARTK | Measurement I lonosphere/ Troposphers I Ficed Static | Iser Cmds|

Integer Ambiguity Resolution

@ On () Cff
General

Criteria for accepting new fies: @ Defautt () On engage only
CQuality acceptance criteria (default: G2):

Madmum distance for single frequency:  4.00 {kerm)

Madmum distance for dual frequency: 70.00 {krm)

Engage

[ Engage if distance < |5 {km), reset i distance > |50 {erm)
[] Engage continuously every: 15.0 {min}

Engage on event of poor DD_DOP: 350

[ Apphy manual engagement: Manual Engagements Engage only on manual
Advanced

[] Min. Reliability |2.5 [] Min. float fixed separation | 5.0 {m}
] Max. RMS 30 fmm)  [] Max. feed fixed separation |05 {m}

[ | Oy accept fix from closest baseline

| ok || cance |

Every ARTK fix has an associated RMS and reliability. The RMS which indicates the level of agreement of
the carrier phase measurements within the solution and the reliability indicates how much stronger the
best solution is as compared to the second best. Having direct control over the maximum RMS and the
minimum reliability is a powerful way of avoiding suspect fixes if poor fixes have been identified in the
project.

Controlling the float/fixed separation is expected to be of more use to open sky/aerial applications,
where ARTK is used in “On Engage Only” mode. This option allows you to control the convergence level
of the float solution prior to a fix being accepted. The “fixed-fixed” separation controls the size of the
allowable position jump from one fix to another, which occurs frequently when ARTK is used in
“Default” mode.

Improved multi-base GLONASS data handling

We have added additional states to our Kalman filter to better support multi-base GPS+GLONASS
processing with mixed receiver types. The survey below shows an example of processing warnings that
occur in version 8.40 in a survey where both JAVAD and Trimble GPS+GLONASS base station receivers
are used.
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Wiew | | Pause | [ Stop ] T

These warnings will not occur in version 8.50 as we now have a GPS/GLONASS time offset state for each
base station in our filter, as opposed to one for the entire project.

Interface

Enabling Automatic Smoothing

There is now an option within the “Solution” tab of Settings | Preferences to automatically launch the
smoother after processing. Turning this option on may help streamline your workflow.

Digplay | Solution | Export | Update

Solution Settings
| Automaticalty load solution an project start

Processing
Defautt Datum: |WGSed -
Antenna Comection Profile: |ngsl}E.abr. "’l

Process forward/reverse directions simultaneoushy:
Always Mewver @) Only if multiple CPUs exist on this machine

Perform pn

[11]

processing

{ Perform smoothing automaticaly ) Leica airbome sensor worldlow




Simplification of processing options within “Measurement” tab

-
Differential GNSS Settings A e ]
ARTE | Measuremert | lomospheres Troposphers I Ficed Static I User D‘nds|

Measurement Standard Deviations

Code: 7.00 (m})
Camier phase: 0.020 (m})
Doppler: 1.000 (m ) Automatic

Outlier Detection Level: | Nomal v]

easurement Lsage
Enable GLOMASS processing

lUse Doppler for velocity detemination

Multi-Base Distance Tolerance

Disable baselines when distance becomes greaterthan; | 250

GLONASS processing method
We have removed the “Use base GLONASS satellite” method of processing. The ony method supported

in version 8.50 is what we previously referred to as the “Share GPS base satellite (recommended)”
method. This method has the advantage of cancelling interchannel GLONASS biases, which can be a
major concern, especially when mixing GNSS receiver types at the base and rover.

Use P1 instead of C/A in Kalman Filter

We have also removed the option to “Use P1 instead of C/A in Kalman filter (if present)”. If P1is
detected in your raw data file, it will be used by default. It is our opinion that this option, whether
engaged or not, presents no practical benefits and was thus removed.

Distance Effects PPM Value

Also gone from the interface is the PPM value used within the “Distance Effects” section. This setting
controls the weighting of raw measurements as a function of baseline length. Previous to version 8.50,
the default value was not appropriate for all baseline lengths and would lead to significant processing
errors on long baselines (> 400 km). The new value default value has been tested to work well at
virtually all baseline lengths (i.e. from 0 to ~1,300 km).
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Automatically determine base station coordiantes with Precise Point
Positioning (PPP)
A “Compute from PPP” option is now available from the “Master” tab of the Coordinate/Antenna

settings dialogue that provides direct access to GrafNav’s Precise Point Processor for base station
coordinate determination. The dialogue displays the difference between the PPP derived coordinate

and the values initially loaded. An example of this is shown below.

Master | Remote
Base Station

1: harb 2080 | Mame: harb2080 [7] Disabled
I

Coordinates j
Latitude: 25 53 130632 '
longtude: [East__»] 27 42 2608401
Elipsoidal height: 1558.085  (m)

Percent:

HMessages

Getting precise files..._
Found files in project.
Initializing PPPDLL. ..
Processing forward PPP.__
Processing reverse BPP. ..
PPP Finished! Computed coordinates:
-25 53 13.0831%9
27 42 Z6.0B369

1558_110m
Datum: [ITF{FDE! v” Datum Optionis ] ('ﬁErizcntal difference vs current coordinates: 0.009m )
‘I_-I_eight difference ws current coordinates: -0.025m
[Seled From Favorites ] [ Add To Favorites ” Use Average Position ]
Antenna Height i 11 - '
Antenna profie: [ TRM29659.00 <] [ o |

e DClcse when finished
From station file: TRM2536593.00, NONE iew STA File

Mezairad tn

Using PPP for base station coordinate determination is a good choice if surveying in remote areas, far
from other control points. This feature could also be used as a means to check loaded base station
coordinates if several hours of data are collected.

Choosing a default datum

A default datum can now be set within the “Solution” tab of Settings | Preferences:

E=m T
Solution | Export | Update

Solution Settings
Automatically load solution on project start

Processing
@fauh Datum: [WGSEA v]_)
Antenna Comection Profile: [ngsﬂﬂ.atr. v]

Previously, the datum could only be set when entering base station coordiantes or, if processing PPP,
through “Process GNSS” dialogue.

11



Preprocessing warnings displayed prior to processing

Prior to processing, GrafNav scans the base and rover data for significant problems that may affect

results. Examples of items that are checked include gaps in the base station file, base station sampling

rate versus remote sampling rate, missing ephemeris data, large differences between averaged and
entered base coordinates, complete or significant L1 or L2 signal tracking failures and others.

If any significant pre-processing items are detected they are displayed prior to processing. Some of
these items, such as the base station sampling rate, can be fixed automatically by pressing “Continue”
after enabling “Try to fix the issue(s) before processing”.

st= Gaps detected,
Gapsdetectad,

Master dats rate is iwer than remote’s

Mere informadon

e e e

[¥] Try to fix the i

ue(s) before processing: Data Rate™ | continue |
(s] r q | Continue ||

T [ [ [ [ [ T T [T I

Improved automatic antenna profile selection

When importing data converted from RINEX, the radome information (if provided in the RINEX header)

is used to automatically select the antenna type. This helps distinguish between similarly named
antenna profiles, distinguished by different types of randomes. An example of this is shown below:

Master

Base Station
4: BMRY Name: [ZL0I5N4 [ Disabled

File: |E*Data Bank‘\Raw Data“Training_MEFlight02"bmny1020.gpb
Coordinates

Latitude: 33 57 4565635  |Compute from PPP
Longitude: 116 59 043235 | EnterGrd Values
Hlipsoidal height : 787275 im) Enter M5L Height

Datum: [ITF{F{E v” Datum Options ]

[Se!ect From Favorites ] ’ Add To Favorites ” Use Average Position ]

Antenna Height

~

(hntenna profile: | ASH701945B_M, SCIT « [ me )

From station file:  |ASH701545B_M, SCIT View STA File

12



Applying station velocities when loading from favourites

When loading base station coordiantes from favourites, you now have the choice whether or not to
apply published station velocities. The dialgue below illustrates where this option is found.

Select Station From Favourites

Current Station Information

Mame: harb2080
Position; -255313.06319 27 42 2608369  1558.110m

Dratum; ITRFOS Epoch; 2010573
Anterina Height: 3.052 Antenna Model: TRMZ3653.00
) ) Selected Station Information
Station [D Group Diztance Dratum )
Site ID: HARE
mHARE IGS 0.1m ITRFO5 Group ID: 1G5
m HARE, IG5 B9.6m ITRFO5 ]
& HRAD IGS 2284. 7 ITRFos  (EERIEES S L)

Longitude: 27 42 26.08538

Height: 1553.084m [elipsoidal height)
Daturn: ITRFOS

Epoch: 2012753

Antenna settingsz: Mot available.

Station velocities that will be applied:
WA T8 7 00mmdr
WE: 17 400nmnyr
WU -0, 400mm. e

Attributes to Apply

|| Position/D atum |V Velocities | Station Hame Antenna Froperties

[ Select station | | Cancel | [ Favourites Manager l

New “Automatic” setting for the Advanced Tropospheric Error State

Residual tropospheric error can result in decimeter level biases on long aerial surveys (200+ km
baselines) and/or where there is a very significant difference in height between the base station(s) and
rover (~3000+ m or 10,000+ feet). Our advanced tropospheric state can help reduce the residual
tropospheric error, which is often the largest error source in these types of surveys.

The tropospheric error state should not always be engaged however, as adding states to the filter when
they are not needed, or when they cannot be adequately observed, is likely to increase error rather than
reduce it. “Automatic” will only engage this option if the average base/remote distance is over 150 km
or where the base/remote height difference exceeds 3000 m and where at least two hours of data is
common between the base and rover.

13



Pl X

| General | ARTK | Measurement | lonosphere/Troposphere | Fixed Static | User Cmds |

TC GM3S Settings

lonospheric processing
@ Automatic (distance tolerance: 7.0 km)
i 1 0n

Tropospheric emor state

@ Automatic
71 0n

o

Check for updates from the Help Menu

Version 8.40 included an “Auto-Update” feature that would provide a notification when a new build was
available. Several customers reported that their anti-virus software automatically disabled this feature.

As such, we have provided an alternate method of checking for updates directly within the interface.

This option is found within the “Help” menu as shown below:

Help

Help Topics

1 C Check for update...

Download manufacturer files

D

Movitel Waypoint Products

About Inertial Explorer

If an update is available, you will be able to directly download and install it.

Controlling what is displayed to the Map Window

Version 8.50 provides complete control over what items are displayed to the map window. You can
choose to exclude text, epochs, feature marks, ARTK fixes, base stations and static sessions. These
options are found within the “Display” tab of “Settings | Preferences” as shown below.

14



Display | Solution | Export | Update
General
Zoom increment scale factor: Bl o | Show texd
se H:M:5 m/d/y for default time system | Show epochs
| Show direction amows on trajectony | Show feature marks
| Show grid lines in map window | Show ARTK marks
| Show legend at bottom of map window | Show base stations
Diraw white background instead of black Show static sessions

Disabling the display of base station(s) can be helpful if they are far from the project area. Disabling the
display of features is helpful when many thousands are collected as they will completely obscure the
quality number of the processed epochs.

As an example, the first plot below shows the processed results of a ground based LIDAR project as it
would be displayed in version 8.40, with both feature marks and base stations displayed to the map. It
is difficult to visually juge the processing quality due to the map scale, and also because the feature
marks completely obscur the processed quality numbers.

I=| TC Combined - Map

il
i

i
N

#|
o

Lat: -37 45 16.56371 |Lng: 144 52 1298333 |+ Unk | Q1 |+ Q2 |+ Q3 |+ Q4 |+ Q5 [+ Q6 [GEC, DMS/m

After removing features and base stations from being dispalyed to the map window, the processed
reuslts are much more clearly displayed.

15



e o o

+Unk |+ Q1 [+ 02 |+ 03 |+ 04 : 8 |G

Lat: -37 49 3597758 || ng: 144 16 15 79664

Improved Google Earth Plotting

When exporting a processed trajectory to Google Earth from Output | Export to Google Earth -> “Export

and View”, you will notice a new option available when right clicking the “Epochs” folder. This new

option will display an elevation profile as shown below

4 |8 L= Temporary Places )
s W& em09 1209022753 Snapshot View

I3 Screen Overlays

Y| ED Base Stations
{ Show Elevation Profile )

ED Features
YD static/KAR Properties

Cllabirram "N TS

When choosing this option, you will see a velocity and a height profile appear at the bottom of the

Sort A-Z

screen:

16
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You can also use the “Time Slider Animation” bar in the top left hand corner to replay the survey from
the beginning, or start at any point in the trajectory:

o pm

Utilities

Improved seach in Download Utility when using “Position From GPB” Option

The “Position from GPB” button is used within our download service utility to search for nearby base
station data. This function returns a list of base stations, sorted by distance to the average position in
the GPB file.

This search method does not work well for projects that cover large areas, as returning the distances of
base stations to an average project position does not indicate which stations are directly under the flight
path. Adding base stations that are under or very near the flight path will be the most beneficial to
projects, as these stations have a high likelihood of achieving ARTK fixes.

The new search checks the distance of all base stations at regular intervals along its trajectory, and
reports the minimum distance to each base station. To illustrate the differences, the 8.40 and 8.50

17



search results are shown below for a large aerial survey project flown in Southern California, where

there is an abundance of base station data to choose from.

(B Combined - Map

Lat: Lng: Unk |- Q1 [+ Q2 [+ Q3 |+ Q4 |+ Q5 |+ Q5 |GED, DMS/m
8.50 Download Utility 8.40 Download Utility
— T P [ M
H..é‘, Download GNSS Raw Service Data _E [—— I® Download GMNSS Raw Service Data I g i)
Dowrload || Add from Lst | AddClosest |oions | ad | Addfrom Ligt  Add Closest | Options |
Pozition
Laltude:  [Moth =) |31 [B3 [EBAIBOT .o | Motk wll33 153 lsearenz | Position
ozition from foor 20D

Longitude: [wiest =] [17 [33  [47.46757  CGFEFie ‘ west =] [117 |33 [47.43787 File

|Update Dawmload tab with timz, interyd, date and path W Update download page with time, cate and path [v

aren | py | Dk | - | Settings
‘tl.:tlon “;;wce ,I1S[[ m) Elre,non - td awiniunn Distance: 500.0 [kmn]

amry Z =

‘ Sy LHAVCO 21 E b amirum nurmber of stations: s00
A odz IG5 25 w
4 mud IGS z W Station | Service | Lat. | Lan. | Diist{km) | Cirectin »
F 1GS 20 e e IG5 34.0M 177w BB S
‘ =it IG5 zh W ‘ bwarns UMayCO 3400 e BB S
‘ zitl IN&WCO zh W .‘ naca IEE-1 R 14w 144 sk
A -in Cools 5 it Ak noco UMAVCO 339N M7Ew 124 SE
‘ swhz IG5 zA M ‘ noco CORS[..  339M 7B 124 SE
A b LIHAVCO o= M Ak noco CORS_2 339N M7Ew 124 SE
A mghs UNaWED za W A roco CORS 339m 76w 124 SE
A sohs IGS 9 i A clar CODIS  34°N 177w 130 h
F e CORSIGLCMA... =8 M A clar UMAWCO 347N 7w 130 ks
Ak =z CORS o] M A = IGS MM 7™ 130 b
A oo CORS_2 8 M A crpp IG5 I N7EW  1BE g
A =20 UH&VED I8 W 4 chpp UMAVCO 339N 1176w 166 5 =
e CODIS 8 N/ < i )
A =201 IGS oy Mt -

Find Statiors | | | Plotin Google Earth | Find Stationz Add Al |

Cownload | Close | Download | Close




Further, version 8.40 no longer uses maximum distance and number of stations in its search. It will
automatically apply a distance tolerance of 2,500 km and 2,500 stations, which should not be limiting for
any application.

In order to further assist in choosing base station, another new feature within the “Add Closest” tab is
the “Plot in Google Earth” option. This will plot the average position and any stations you select in the
list. To select multiple stations, hold down the Ctrl key and left click.

Calendar in the Download Utility and Mission Planner
. @ Download GMNSS Raw Service Data l 7 s

Download lﬁu.dd from List ] Add Closest ] Options l
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Download Close

Support for South Africa’s TrigNet service in our download utility:
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@ Download GN55 Raw Service Data Iiléj
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Download Close

The FTP folder structure included the name of a city for each station in the 1s service above, which was
not supported in version 8.40. We have added this field to 8.50 which makes it possible for us to
support this service.

Support for NavCom Sapphire within Raw GNSS Conversion utility

NavCom data collected by receivers that output the Sapphire format, such as the SF-3050, can now be
converted directly to GPB within the Raw GNSS Conversion utility.
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@ Convert Raw GNSS data to GPB

Receiver Type

@I MavCom Sapphire
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