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Objectives of the investigation
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IMU observations

« INS/GNSS integration forms the central navigation unit for many outdoor ja

Inertial navigation

' ' GNSS equations
applications
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*  Knowledge of IMU sensor errors Closed-loop
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* Impact of accelerometer bias modelling on the navigation solution accuracy EKF i
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Outline

1. Analysis of long-term IMU recordings

Modelling of IMU errors in a loose INS/GNSS integration architecture

Simulation study and results
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Conclusions and Outlook
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Analysis of long-term IMU recordings

* Analysis based on the Allan Variance Method
 Goal: Identification and quantification of the underlying noise processes

 Analysis of a tactical grade IMU (3-axis servo-accelerometer & 3-axis fiber optic gyro)
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Allan Variance - Basic concept )
1 2 n
1. Data record length: 6 hours (non-moving IMU)  ———— e ——p—
() a(r)2 a(r)

2. Compute the average of each block (n ... number of blocks)

List of averages [ti(7); u(1), - (1),]

3. Allan variance [1]

n-—1 i i
62(1) = s Y ()41 — (D), il R B
2(n—1) £ o l : | | ;
: : ? | ] petonts
| | R L 1oLl | \IHII\I [ tandar
Allan deviation: o(t) = +/0o?%(1) E— — 7 i

Quanti. i White i Flicker i Random

noise noise noise walk
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Allan Variance - Results |
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o é? Slide 6/18 s @EST (5 Trimble



ARSAW \\ XXV I I F I G CO N G R E SS Volun te'en'ng for the future -
Ei Geospatial excelience

CONGRESS 2022 Na? 11-15 SEPTEMBER 2022 Warsaw, Poland for a better living

|

Allan Variance - Results |l

» Estimating the parameters of the noise processes
via a LSQ fit 5 |
*  Defining the parameter vector 9 f 104
9 =[5a4 San SaB Tp Sak] g
»  First order GauR Markov (FOGM) process is used 1
to approximate the flicker noise process .

1073 1072 107! 10° 10? 102 10° 10*
Cluster time T [sec]
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Modelling of IMU errors in a loose INS/GNSS integration architecture

« |MU observation model

« |MU bias model
b, = ba,O t+Zgp T Zgk
bg = bg,()
\_'_I

static biases
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Modelling of IMU errors in a loose INS/GNSS integration architecture
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Modelling of IMU errors in a loose INS/GNSS integration architecture

+ Classical s i ' = I35, T 1"
ystem noise VCM: Qi1 =T)_1G}_4 I.S G,_.T,_{At
3Ya,N
—IBSg,N
. . I,S

+  Detailed system noise VCM: Q. =T, G, el . G'r_1T 1At

3Ya,B
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Simulation study

10_2 300

— NBK model -

N model :

1. Classical modeling approach via WN processes (N model)
— Applying the manufacturer WN specification o4
2. Detailed modeling approach via WN, FOGM and RW (NBK model)

— Applying the estimated noise parameters

10~

Allan deviation o(t) [m/s?]

—
S
w

The two modeling approaches are compared for two cases:

1. Continuous GNSS coverage (1 Hz)

10-6 —t r
1073 1072 1071 100 10! 102 10° 10*

2. GNSS signal outage over a period of 5 minutes Cluster time  [sec]

- @ Slide 11/18 e @ESTT BTrimble



AW XXVI I F I G CO N G R ESS Volunteering for the future -
WARS > =i\\ Geospatial excellence

CONGRESS 2022 57 11-15 SEPTEMBER 2022 Warsaw, Poland for a better living

=

Simulation study — Motion scenario

o.0008 L} * _— "'" ..... * _._"'
 True IMU and GNSS observations are determined from the simulated motion -1 1111 L
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Simulation results — Case 1 (No GNSS outages)
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y /| . .
- 5-? Slide 13/18 e @ESIT B Trimble.



Geospatial excellence

CONGRESS 2022 e 11-15 SEPTEMBER 2022 Warsaw, Poland fora better living

HI ez, @y XXVII FIG CONGRESS

Simulation results — Case 1 (No GNSS outages)
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Simulation results — Case 2 (GNSS outages for 5 min)

1072 3= :
] — NBK model H

- :

= = NBK mbdel — == N model
£ 100 ; 5 : | .
= 5
S 10—3
0 = .................................................................................................................. "‘E
N H E
E 100 4 rotational motion %
— translational motion s 107
e} : : :E’
0 e 2
%}

=
<
wv

i 7 7 .
13 14 15 16 17 18 )
. . 10- e —t RIS ——t LLEN N 2 5 £ 411 S N I B 2111
Time [min] 103 10-2 10t 100 10t 102 10° 10*
Cluster time 1 [sec]

o é@; Slide 15/18 e @ESTT BTrimble



} { >
ﬂ W= & XXVII FIG CONGRESS RN

11-15 SEPTEMBER 2022 Warsaw, Poland for a better living

CONGRESS 2022

Simulation results — Case 2 (GNSS outages for 5 min)
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Conclusions

 Successful identification and quantification of the different noise processes for the investigated IMU
* Incorporation of a detailed accelerometer bias model into the loose INS/GNSS integration architecture
— Additional research to include quantization noise

 The largest contribution to the accuracy of the navigation solution came from errors in the gyros and not from errors in

the accelerometers
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Outlook

« Solely estimated standard deviations were investigated
— Investigation of true errors is possible in case of simulation studies

 Environmental induced errors are not taken into account by the AV method, but are frequently encountered in practice
— Vibrations, temperature changes

 The conducted investigations will be verified on real world applications

— Coverage of a wide range of vehicle dynamics
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Appendix |
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Appendix ll.a
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Appendix I
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Appendix IV
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Appendix V

Tab. 1: Estimated noise parameters of the x-axis accelerometer and the x-axis gyro

Noise term Noise Parameter AccX Manuf. Spec. GyrX Manuf. Spec.
2,2 -5 - - -
Quantization noise Sa [’m fl ] lasdle
A [ms™1] - - -
) . Sn [mzs—a] , [Tadzs—l] 6.2865e—2 - 5.3079e—10 -
White noise
N Lu:g/\/Hz] , [deg/v/h] 8.1 < 50 0.08 <0.15
Sp [m?s™"] 2.4360e 11 - - -
Flicker noise B [png], [deg/h] 2.2 < 10 - < 0.1
T [s] 45 - n )
Sk [m?s5] 2.6731e— 12 - - -
Random walk % [ms—5/2] 1 6350e—6 ) A i
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Appendix VI

 Qverall PSD of the stochastic accelerometer errors
(Superposition principle)
S2a(f) = S0 f(F) + Sz (f) + Sz, . (f) + Sz, . ()
« AVis related to the PSD via

sin*(mf1)
(mf1)*

F@ =4[ 5,0 af
0

Overall AV for the accelerometers

02 (¥) = 02, ,(¥) + 02, (¥) + 02, , (D) + 02, ()

Sa,k

+

3San  San . SasT T N 3
_ a,A+ a,N+ a,B B[ B( ) T

1—=—=\3—4e T8 +4e Tr
T2 T T 2T ¢ ¢

Defining the parameter vector 9
9 =[5q¢a San Saa Tp Sakl]

1
i
CRGANISEDRY I G é'
S Y

PLATINOY SPONSR S @ esrr DT“.mbh



