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5. Conclusions and Future Work

« Finally, the quality metric (or the quality factor), based on which the healthiness of the automotive
radar can be evaluated, is defined and estimated by means of three different estimation methods.

In addition to the assumptions of accurate leg length of , the known range of and that the orien-
tation error in azimuth is the only error that affects the received RCS, assuming no additive noise
and RCS fluctuation being the only source of noise, quality factor is estimated by Method of Mo-
ments by equating sample and population values of the first four central moments using formulas
given in 4.12 and 4.13. The estimation formula in terms of the sample variance and sample skew-
ness from equation (4.13) delivered more accurate estimation results which are also validated in
terms of the mean squared error of both estimators. Furthermore, estimation accuracy improves
with the increasing number of observations.

In the presence of additive noise and prior information on the quality factor and considering
multiple measurements of the same realization of a single target, an estimation of the quality
factor is done by means of Maximum a Posteriori (MAP) estimation. An evaluation of the estima-
tor performance in terms of the estimation error is made by means of Monte Carlo simulations
for different SNR values, orientation errors, prior pdf’s of and number of measurements. It is
shown that increasing the SNR and taking more measurements improve the performance of the
estimator. Furthermore, performance of the estimator is independent of the amount of orienta-
tion errors as well as different normal distributed prior pdf’'s of

Again considering the multiple measurements of the same realization of a single target, the case
when in the presence of additive noise and assuming no prior information on the quality factor
is available, an estimation of the quality factor is done by means of Maximum Likelihood Esti-
mation (MLE). Evaluation of the estimator performance in terms of estimation error for different
SNR values, orientation errors and number of measurements showed that the estimator perfor-
mance improves with increasing SNR and number of observations whereas the performance of
the estimator is in this case also independent of the amount of orientation errors.

The developed statistical approach of dynamic evaluation of the automotive radar performance is

novel and can directly contribute to real-time evaluation of the radar performance and be used for an
appropriate sensor fusion at an autonomous vehicle.

5.2. Future Work

« Trihedral corner reflector was selected to be the most appropriate calibration target to use in
this project among the discussed ones. However, it can still be meaningful to consider possible
another candidates of calibration targets in the future research.

» The algorithm to estimate the quality factor either by means of MAP or MLE is derived for
the case of multiple measurements of the same realization of a single target because equation
(4.29) can be quite complex to solve. In this case it requires the integration over the loss factors
of multiple targets. Hence, in presented study we did not solve the most general problem when
the radar sensor health estimated using multiple sequential measurements of multiple calibration
targets that have statistical uncertainties in their production quality and installation errors. Solv-
ing equation (4.29) is left open for future attention in order to solve the full estimation problem in
which the case of multiple measurements of multiple independent targets have to be considered.



Symbols used in the Highway
Configurations and Their Numeric
Values in a Table

In the next pages, the most important symbols used throughout the figures 2.12, 2.13 and 2.14, their
meaning, formulas to calculate their numeric values and their numeric values are given in tables, re-

spectively.
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A. Symbols used in the Highway Configurations and Their Numeric Values in a Table

Table A.1: Important symbols and their numeric values from Figure 2.12

Car 4 and Calibration Target

Description .
Formula to Compute Numerical
Symbol of the
Numerical Value Value
Symbol
Detection Range of
- 200 m
the Automotive LRR
Number of Lanes - 3
Lane Width - 3.75 m
Emergency Stopping Lane
_ 2.5 m
Width
Personal Car Width - 2.0m
Automotive Radar
Antenna Azimuth - 15¢
Scan Angle
Nearest Possible Target
Q " « [ )+ Q(x,y) = (200 m, 13.75 m)
Position to ESL
Furthest Possible Target
P Vtan( ) P(x,y) = (200 m, 53.589 m)
Position to ESL
T Calibration Target Position - T(x,y) = (200 m, )
Maximum Distance Between
d («« [ )+ + )E05 )/ tan( ) 66.243 m
Two Successive Calibration Targets
Distance between Q and T - 5.0m
Azimuthal Observation
Angle Car 3
Azimuthal Observation !
= ) 243
Angle Car 1
Radial Distance Between
+ (05 + + ) 200.180 m
Car 1 and Calibration Target
Radial Distance Between
+ ((( [ )+ + )EO05V ) 200.786 m
Car 3 and Calibration Target
Radial Distance Between .
(¢ \ )+ + )E05) )/sin( ) 68.581m




99

Table A.2: Important symbols and their numeric values from Figure 2.13

in Azimuth Plane

Description .
Formula to Compute Numerical
Symbol of the
Numerical Value Value
Symbol
Detection Range of
- 200 m
the Automotive LRR
Lane Width - 3.75 m
Emergency Stopping Lane
- 2.5m
Width
Personal Car Width - 2.0m
Automotive Radar
Antenna Azimuth - 15¢
Scan Angle
Distance betweenQand T - 5m
See figure (0.5 + + )/tan(
Radial Distance Between .
05V + + )/sin( 32.841m
Car 2 and Calibration Target
Azimuthal Observation
= ) 2.43¢
Angle Car 1
See figure 90 £ 75%
Range of Incident Angles
Y 8 8 90¥E & 12.57¥
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A. Symbols used in the Highway Configurations and Their Numeric Values in a Table

Table A.3: Important symbols and their numeric values from Figure 2.14

Description .
Symbol of the Formula .to Compute Numerical
Symbol Numerical Value Value
Detection Range of
- 200 m
the Automotive LRR
Number of Lanes - 3
Lane Width - 3.75m
Emergency Stopping Lane
- 2.5m
Width
Personal Car Width - 2.0m
Automotive Radar
Antenna Elevation - ¥
Scan Angle
Distance between Q and T - 5.0m
% Automotive Radar Height - 0.5 m
Maximum Possible
% Target Height \tan( ) 1.72m
above %
Radial Distance
Between Car 1 + (0.5 + + ) 200.180 m
and Calibration Target
Radial Distance
Between Car 3 + ((( Y )+ + )E£05V ) 200.786 m
and Calibration Target
Radial Distance
Between Car 4 (« [ )+ + )EO05V )/sin( ) 68.581 m
and Calibration Target
Radial Distance
Between Car 2 0.5V + + )/sin( ) 32.841m
and Calibration Target
See figure - 5.0m
Ilimunation Angle
into Calibration Target ( /% ) 89.501¥
from Car 1
Illimunation Angle
into Calibration Target ( /% ) 89.501¥
from Car 3
Hlimunation Angle
P into Calibration Target ( I ) 87.002¥
from Car 2
Hlimunation Angle
into Calibration Target ( /% ) 88.563%
from Car 4
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