
Benchmark on Adaptive Regulation - Rejection of
unknown/time-varying multiple narrow band disturbances

I. M EASUREMENTS FORPERFORMANCE ANALYSIS

In order to assess the performance of the proposed approaches used in this benchmark, measurement
procedures have been defined. These measurements will give information both forsteady stateandtransient
behavior.

A. Measurements for Simple Step test

For step application of the disturbance, measurements for the transient behavior and steady state behavior
(tuning capabilities) have been defined. The benchmark protocol for theSimple Steptest defines the time
period for the disturbance application. The disturbance isapplied att = 5 seconds, while the entire
experiment duration is 30 seconds. In this context, thetransientbehavior will be considered in the first 3
seconds after the disturbance is applied. For measuring thesteady statebehavior the last 3 seconds of the
test (before the disturbance is removed), will be used sinceit is expected that the algorithm has converged
at this time.

The measurements considered in the time domain are:
• The square of the truncated two normof the residual force defined by

N2T =
m

∑
i=1

y(i)2
,

where y(i) is a sample of the discrete-time signal to evaluate. This quantity indicates theenergy
contained in the measured signal.

• The maximum valuemeasured in millivolts and defined by

MV = max
m

|y(i)|.

• The transient duration(TD) expressed as the ratio(α) between the square of the truncated two norm
of the intervals 7→ 10 sec and 17→ 20 sec.

α =
N2T(7 : 10)
N2T(17 : 20)

.

The idea is take the residual force after 2 sec of the application of the disturbance and compared it
with the steady state value, considered in the last three seconds of the test.

The measurements in the frequency domain (steady state behaviour) are:
• Global Attenuation(GA) measured in dB and defined by

GA= 20log10
N2Yol

N2Ycl
,

whereN2Yol andN2Ycl correspond to the square of the truncated two norm of the measured residual
force in open and closed loop, respectively, evaluated during the last 3 seconds of the experiment.



• Disturbance Attenuation(DA) measured in dB and defined as the minimum value of the difference
between the estimated PSD1 of the residual force in closed loop and in open loop:

DA = min(PSDcl −PSDol) .

• Maximum Amplification(MA) measured in dB, is defined as the maximum value of the difference
between the estimated PSD of the residual force in closed andopen loop:

MA = max(PSDcl −PSDol) .

For all the frequency domain measurements, only the last 3 seconds of the test are considered.

B. Measurements for Step Frequency Changes

For theStep Frequencies Changesonly time domain measurements were considered. Based on the
protocol for this test, a frequency step change occurs every3 seconds. During this time period the following
measurements are considered:

• Square of the truncated two norm of the transientN2T.
• Maximum value of the transientMV.

C. Chirp Frequency Change

For theChirp Test only time domain measurements were considered. The measurements are:
• Mean Square of the residual force defined as

MSE=
1
m

m

∑
i=1

y(i)2 =
1
m

N2T,

wherem correspond to the number of output samples evaluated.
• Maximum valueMV measured in millivolts.

1Power Spectral Density. The PSD is calculate using the function: spectrepsd rms.m, provided in the website.


