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a consequence the followirgda-modelsare tested and identified:

C Ty ] 1}4 0 X
nLNB = : : [ TIT ] (4.19)
L 0 i 1})7 —T_
e ] [ee 10 k,
nLB = b (4.20)
L0 ] v 1 -7 U
[Ty ] I 1}’+ Uil 0 k,
nLQNB : = : : iy (4.21)
L0 1 [y Y| -7 m
[Ty ] I Yy 1/’+W’+’ L0 kkr
QB |l = Y (4.22)
L 00 [ v v |y n
Exp. B eta-model Watson
Model 7nLNB | nLB | nLONB | 7,LQB
k. [Nms/rad] 36.11 | 39.23| 24.79 | 27.13
k.o [INms® [rad?] - - 62.14 | 57.79
b [Nm] - | -054] - -0.27
n 0.89 | 1.07 0.82 0.92
100?; ‘ (%] 429 | 951 | 23.12 | 28.38
100‘,;“‘ %) - - 49.16 | 57
100‘(;‘[ 7] - [10838] - 209
100 [ 0] 8.06 | 19.58| 8.63 22.9
Jrsg [( m)? 6.13 | 5.693| 4.4542 | 4.3545
v DOF 12 11 11 10
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Exp. B eta-mod Kvh

Model nLNB | nLB | nLQNB | nLQB
k. [Nms/rad] 33.66 | 38.19| 23.08 | 27.84
kvl [Nms®/rad?] - - 54.07 | 43.98
b [N'm)] - -0.83 - -0.51
n 0.8 1.07 | 0.73 0.91
100?,:‘ (%] 429 | 9.01 | 24.89 | 28.95
100‘,;‘7‘ [%] - - 52.85 | 71.08
100‘Jb‘1[ 0] - 69.7 - 117.13
100 [%] 8.70 | 18.57| 10.22 | 24.59
JLs [( m)? 6.1242| 5.159| 4.6204 | 4.3066

v DOF 12 11 11 10

Then < 1 value of they estimate and its very low value of the relative percentile
error shows both, that the expected efficiency loss actually takes place, and that it can
be correctly modeled by the parameter. Moreover the simpieNB model is con-
firmed again to be the best one as both the bias and quadratic drag relative errors given
by the other models are very large. When experiment A is considered also propeller-
propeller interactions among the thrusters on the same vehicle side, i.e. FL-RL and
FR-RR, should be also taken into account. As it is not feasible to distinguish, in this
case, between the loss of efficiency due to propeller-hull and propeller-propeller inter-
actions, they are modeled by a unique parameter as follows. From the above exper-
imental results and the consequent discussion, the most reliable model is the simple
LNB one. Moreover, with reference to the above tables, comparing the residual least
squares cosl; ¢ (4.4) of the experiment B LNB modeli{ s = 10.3(Nm)? for the Kvh
data and/j;s = 7.36(Nm)? for the Watson data) with the experiment;BNB one
(Jrs = 6.12(Nm)? for the Kvh data and/;,s = 6.13(Nm)? for the Watson data), the
nLNB model guarantees the best performance. Intuitively;tie¢B model estimate of
k. is the most reliable as the torque values adopted inltihe8 model are the closest to
the thrust tunnel identified ones. Consequently an efficiency parameter modeling both
the propeller propeller and propeller hull interactions occurring in experiment A can be
introduced as: o

) AT 4 = k) (4.23)
beingk, the linear drag)LNB model estimatey , the experiment A efficiency para-
meter to be identified and, the thrust tunnel model experiment A torque. From the
above tables it follows that the. linear dragjLNB model estimate is

>

» = 36.11 Nms/rad : Watson
= 33.66 Nms/rad : Kvh

>

r
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As a consequence, the LS estimate) pfrelative to equation (4.23) is:

na
Watson : n,=0.854+0.04 = 100—2 =4.7% Jps = 8.26Nm
Na

Ona
Kvh : n,=081+0.03=100—2 =3.7% Jrs = 4.38Nm
Na

where the parameter errors have been calculated according to equations (4.12) and (4.6).

In conclusion the yaw motion of the ROMEO ROV vehicle in the velocity range
[—10deg /s,10deg /s] is best modeled by apLNB model having a linear drag para-
meterk, = 34 + 2 Nms/rad (KVH value). Moreover the above results have shown
that modeling the left hand side and right hand side turns with different models is un-
necessary and that the propeller hull and propeller propeller interactions may reduce the
ideal thruster efficiency of about% or 20%.

4.2.6 Surge model identification

The considered surge model is the same simplified uncoupled one (4.13) adopted for
the other degrees of freedom, i.e.

Myt = —kyu — kypulu| + 7, + ¢ (4.24)

The experimental data used to identify this model consists in the applied voltage on
the four horizontal thrusters and the vehicles position with respect to the swimming
pool wall as measured by3a3 H z sampling rate sonar profiler. In order to identify the
drag coefficients a constant force has been applied to the vehicle and the corresponding
regime value of the surge velocity has been estimated fitting by least squares the position
measurements. Moreover, to evaluate the loss of efficiency in the surge direction due to
propeller propeller and propeller hull interactions, the input force has been applied with
three different thrust mappings denoted in the following by A, B and C: with reference
to figures (4.1), (4.2), (4.3) the three type of experiments consist in

A Only the front thrusters are used: their efficiency, with respect to the thrust tunnel
identified model, is assumed to b&0% when pushing forward and eventually less
when pushing backwards due to interference between the thruster outgoing water
flow and the vehicles hull.

B Allthe 4 thrusters are used: their efficiency, with respect to the thrust tunnel identified
model, is assumed to be eventually reduced by the interference of the front and rear
thruster water flows between each other and with the vehicles hull.

C Only the rear thrusters are used: their efficiency, with respect to the thrust tunnel
identified model, is assumed to k80% when pushing backwards (negativedi-
rection) and eventually less when pushing forward due to interference between the
thruster outgoing water flow and the vehicles hull.

The underlying idea is that when the front thrusters push backwards or the rear one
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4.23.Surge velocity percentile relative error for experiments A, B and C

push forward, their efficiency may be affected by a propeller hull interaction due to the
fact that in such circumstances the outgoing water flow is directed towards the vehicle.
Moreover when allt thruster operate in the surge direction the outgoing and ingoing
flows of the front and rear thrusters may be affected by the presence of each other
thus giving rise to a propeller propeller interaction. The estimated velocity for each of
the three kind of experiments is very precise as shown in figure (4.23). The relative
percentile errors displayed in figure (4.23) have been calculate@bas /4 beinga the

least squares estimate of the surge velocity @ands estimated standard deviation as
given by the application of equations (4.5), (4.6), (4.12) to the kinematic model

r = ut+e¢
x sonar measurements
The nominal applied surge forcésange from10/N to 60N. Indicating withwu 4,
Uy, Ucy, YA, U ,Uc  TAy, TBisTotsTa—» T andro_ the row vectors contain-
ing the norms of each regime surge velocity and corresponding nominal applied thrusts
of experiments A, B and C in the positiye-) and negativé—) directions, the consid-

As estimated by the thrust tunnel model
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ered surge models are

TA+ _ Uay Uap|tay] 0 kT (4.25)
0] | uct Uctluct| —Toy | ;;W
e ] we |0 ||
To- Uo—- Uc—-|Uc- _
= k
i 0 ] i Us UAfluAfl —T A ] T;@Lu\ (426)
TA+ Uay  Uay|uayl 0 k
To— Uc—- Uc_— ’U,C, ’ 0 v
0 = ) I Euju) (4.27)
s up-|ug | —Ta 0
0 Ucy UcylUcy| —Toy “

being (4.25) relative to the forward direction drag coefficients and the rear thrusters
propeller hull interaction efficiency coefficient, (4.26) relative to the backward direc-
tion drag coefficients and the front thrusters propeller hull interaction efficiency coeffi-
cient and (4.27) relative to a model that does not distinguish the positive and negative
directions. Eachy andr vector in the above equations (4.25), (4.26), (4.27) has dimen-

sionl1 x 1. Applying the least squares technique to the three models (4.25), (4.26) and
(4.27) yields

ki = (38£T)Ns/m ki, = (333£24)Ns>/m? 7} = (0.72%0.02)
ky, =(B3£7)Ns/m k,, = (347 £24)Ns*/m* 7, = (0.80 +0.02)

ky = (50 £ 8)Ns/m  ky, = (322 + 26)Ns?/m? 7, = (0.76 + 0.02)

where the parameter errors are the standard deviations as calculated by equations (4.6)
and (4.12). To evaluate the performance of the considered models the residual cost
J1s(0) (4.4) and the relative degreesf freedom are reported:

Ty =5433N? vt =22-3=10 Zs_ 286N

Jg=4516N? v =22-3=19 2 =237N?

Jrs =241.1TN? p=44—-3=41 <L =588N?
showing that in the considered thrust and velocity ranges the best performance is achieved
distinguishing two different models for the forward and backward motion which is not
surprising in consideration of the open frame structure of the vehicle shown in figure
(4.1) and (4.2). For a qualitative evaluation of the reliability of the proposed model refer
to figure (4.24) where the experimental data of the C experiment is fitted by

— - - : T
To. = kyuc + l{:u‘u‘uc,]uc,] ‘ue, <0

+ _ ot + T
NuTor = kyucy +kyuci|ucy] :u eg >0
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4.24. Experiment C fitted data.

Finally the loss of efficiency related to the propeller propeller and propeller hull in-
teractions occurring when all four thrusters are adopted for a forward motion has been
estimated with the data of experiment B: assuming the drag coefficients in the forward
direction to bek,| = (38 £ 7)Ns/m andk, , = (333 £ 24)Ns*/m? the least squares
fitting of the model

kfupy + k‘:ju‘UBJr’UBJr’ = TBNau
yields

Nan = (0.75 £ 0.01)

showing the relevance of the considered phenomenon. The above reported analysis
refers to the vehicles configuration shown in the fir§irom top to bottom and from left
to right) pictures in figure (4.1). To evaluate the sensitivity of the drag and efficiency
parameters on the vehicles payload configuration, experiments A, B and C described
above have been repeated with a plankton sampling equipment mounted on ROMEO
as shown in the bottom right picture in figure (4.1). Fitting these data with the models
given by equations (4.25) and (4.26) yields

kb= (40£12)Ns/m k= (305 £ 38)Ns2/m? n} = (0.68+0.03)
k, =(25£7)Ns/m k, (405 £ 24)Ns*/m?* n, = (0.61 +0.02)

ulul —
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4.25.Estimated surge velocity versus the nominal, i.e. thrust tunnel model, applied force with the plankton
sampling payload configuration.

and .

Jfs=109.6N? v+ =20-3=17 2k = 64N>

Jrg=39.6N? v =21 -3=18 2k =29N’
showing that the considered payload indeed has an important, although not dramatic,
influence of the dynamics of the vehicle. The importance of the efficiency parameter
role may be better understood plotting the estimated regime velocities versus the nom-
inal applied thruster forces relative to the experiments A (only front thrusters) and C
(only rear thrusters) as shown in figure (4.25). The solid line in figure (4.25) refers to
the model

To. = kyuc + k:;‘u‘uc,]uc,] ‘ue, <0
T
MaTor = kytucy k), ucilucy| :u'e; 20
and the dashed one to the model
- - - T
NuTa- = k us + l{:u‘u‘uA,]uA,] cu e, <0
T
Tar = kluay+ k,j‘u‘uA+’uC+’ cue; >0
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4.2.7 Sway model identification
The considered sway axis model is
mio = kv + kypvlv| + 7,4+ ¢

in accordance with equation (4.13). As for the surge motion, the sway drag coefficients
have been estimated by constant applied thru3different thrust mapping configura-
tions:

A With reference to figure (4.3), only the left thrusters are used: their efficiency, with
respect to the thrust tunnel identified model, is assumed &% when pushing
right (positivey direction) and eventually less when pushing left (negajidérec-
tion) due to interference between the thruster outgoing water flow and the vehicles
hull.

B With reference to figure (4.3), only the right thrusters are used: their efficiency, with
respect to the thrust tunnel identified model, is assumed16dy& when pushing left
(negativey direction) and eventually less when pushing right (positi\drection)
due to interference between the thruster outgoing water flow and the vehicles hull.

C Allthe 4 thrusters are used: their efficiency, with respect to the thrust tunnel identified
model, is assumed to be eventually reduced, in hatinections, by the interference
of the left and right thruster water flows between each other and with the vehicles
hull.

The measured data consists in the thruster applied voltage and the vehicles position
as measured bya3 H »z sampling rate sonar profiler with respect to the swimming pool
wall. The sway velocity is estimated applying least squares to the position measure-
ments giving rise to very precise estimates (less th&# arror) as shown by the plots
in figure (4.26).

The velocity standard deviation has been calculated according to equations (4.6) and
(4.12). Given these data and in accordance with the surge case, the folbmiodels
have been considered:

] ] ) -
R e I s B N RS (4.29)
0] | VB+ vpy|vpy| —Thy ] ;;\f\
(o] | 0 1]
TB— o Vp- VUp_|Up— k;*
0 T s wvajua| —Ta o (4.29)
. ' Lo
TA+ VAt UA+’UA+’ 0 X
Tp— o Up— UB*’UBfl 0 v
0 | T |va vafoa] —ra || "o (4.30)
N
0 VB Vi|vBr| —Thy v
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being7 44,74 ,vay,v4,vB:, s, Tpy andrg_ vectors whose components are the
norms of the thrust tunnel model calculated thrust and the norms of the least squares
estimated sway velocities. As the experimental data has been acquired for nominal ap-
plied thrusts of norms ranging fro®/V to 60V with 5NV increments, each of the above

7 andv vector has dimensionl x 1. Equations (4.28) and (4.29) assume different drag
coefficients in the positive and negatiyelirection, while equation (4.30) assumes full
symmetry with respect to theaxis. The resulting parameter vector estimates according
to the three models are:

kf = (148 +27)Ns/m k) = (3024 127)Ns?/m? n} = (0.87 +0.05)
ky = (104 22)Ns/m K, = (735 121)Ns?/m? n, = (0.95% 0.04)
ko, = (150 £ 20)N's/m k:v‘v‘ — (363 £ 101)Ns?/m? 7, = (0.90 = 0.04)
(6

v\v\ o

and the residual least squares cHst(0) (4.4) is:

Jie =37089N? 1t =922-3=19 Zs =195N?
Jrs=19487N? p~ =22 -3=19 Z2—10.26N?
Jis = STI6N? y=44—3=41 Jus — 21 4N?

The performance of these models can be graphically evaluated by the plots of the ex-
periment A and B data fitted as follows:

T4 = klv+ l{:v‘v‘vlvl :7he, >0

n,Ta = k,v+k, vlv|:7vhe, <0

vulv|
in figure (4.27),

8 = k,v+k, vv|:1he, <0

ntrg = kfv+k

vulv|
UMU!U! :7He, >0

in figure (4.28). As far as the experiment C (all four thrusters) is concerned, its data
can be fitted with a model that takes into account the propeller propeller and propeller
hull interactions of the horizontal thrusters, and assumes the drag coefficients in the two
directions to be:, k:j‘v‘, k, andk ool previously identified by experiment A (only left
thrusters) and B (only right thrusters) as described above. In particular the following is
considered:

netey = kjv+k) eIl The, >0 (4.31)
NeTo- = k,v+ l{:v‘v‘vlvl :The, <0 (4.32)

and with the usual least squares technique the efficiency paramgtensl; ., are found
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4.27.Experiment A fitted data.
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to be:

nd = (0.7840.02)
ne = (0.7640.03)

The performance of the model taking into account the propeller propeller and propeller
hull interactions of the four thrusters as described by equations (4.31) and (4.32) is
graphically shown in figure (4.29) where the model calculated sway velocity is plotted
with the experimental data of experiment C.

Experiment C

Sway velocity [m/s]

Sway force [N]

4.29.Experiment C fitted data.

4.2.8 Inertia parameters identification

An identification procedure of the inertial parameter of a decoupled model of an UUV is
proposed. The main idea is to consider the drag parameters known and use this knowl-
edge to design a sub-optimal experiment for the identification of the inertial quantities.
The model to identify is given by equation (4.13) here reported for reference

mé = —ke€ — ke €l€] +neTe + e (4.33)

wherem is the inertial parameteg, is the velocity,¢ the accelerationr, the nomi-

Giovanni Indiveri, Ph.D. Thesis 94



On board sensor based ROV identification

nal cavitation tunnel identified force (or torque),the propeller interaction efficiency
parameterk;, k¢ the linear and quadratic drag coefficients anthe noise. 7 is
considered known as the propulsion system has been modeled and identified as shown
in section (4.2.2). The drag and efficiency coefficients are also assumed known from
the identification experiments described above. Within this framework the design of
the inertia parameter identification experiment has to take into account some important
constraints: due to the absence of accelerometers the identification process must be per-
formed with the only velocity and position measurements and force estimate. Moreover
the adopted propulsion model is known to be very accurate when the propellers do not
suddenly change revolution direction so a second constraint on the experiment design
is to keep constant,s sign during the whole experiment. Supposjrg be

5 — 50 + Af sin(wt) (434)
with £,, A, constants and\, << &, equation (4.33) can be linearized to
mé="F—k & (4.35)

beingk; = ke + 2|&o| keje) and7e = 07 + kejl|€o/¢0- EqQuation (4.35) corresponds to
a first order system

k!
o V(s) = — (F'(s) + m&,) (4.36)
with time constant m
T=mlk = ————. (4.37)
ke 4 2|&o| kel

The linear system (4.36) will have an output as equation (4.34) if the ifpid the
sum of a constant and a sinusoidal wave of frequeandyotice that asn is the sum of
inertia (known) and added mass (always positive) and .|, {, are known, a lower
bound of the time constantis known. Moreover as added mass is expected to be at
most100% of the inertial mass, also an upper bound @ given. This estimate can be
very useful to choose the exiting frequencyf the input force. A common criterion
[58] [56] for choice of the inputs is to maximize the cost function

J = —logdet M (4.38)

being M Fisher’s information matrix which depends on the adopted inputs. In robotic
applications this criteriondcoptimal criterion) has been successfully adopted by Sw-
evers et al. [71] [72] for the identification of an industrial arm. Classical identification
theory [56] states that a first order system as (4.36) can be optimally identified (accord-
ing to criterion (4.38)) with a single sine input of frequency

1
ot = ———. 4.39
Wopt \/§T ( )

The input force for the inertia identification experiments is thus chosen to be of the
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form:

f(t) = f() + Af sin(woptt) (440)
The f, constant is selected so that its corresponding regime velggdgyn the standard
operating rangel ; is selected to bé& ; < f, so that force inversions are avoided and
the d-optimal frequency,,, is selected in accordance to equation (4.39). The system
time constant needed to compute,,, is a priori estimated by equation (4.37) as the
drag coefficients are known amd is supposed to be equal to the inertia inrajg, plus
a term ranging from 0% to 100% of m,;, that models added mass. The outpih of
the linear system (4.35) with inpét = f(¢) given by equation (4.40) is reported for
reference:

- - Ay sin(wopit) — WoptT(cos(wopet) — 1)
1 = t/T @ 1 — e ¥T =7 op op op
£< ) 506 + k:l < ¢ ) + k:l 1 + wgptTQ

beingr given by equation (4.37).
To cope with the absence of an acceleration measurement, equation (4.13) must be
integrated giving

mE) —m &g = (1) — ke (C(1) — Co) — ke 1(t) +50 (4.41)
mé&(t) —mé&y—keCy—bt =y
beingy(t) fo T¢(¢v)dv, (t) the position I (t) fo )|dv, andb an eventual

bias due to the mean efand to the numerical mtegratlons performed to calcutedad

1. Notice that the integration process does not affect the d-optimal frequency choice
as the integral of equation (4.35) has its same structure, in particular the same time
constant. As the drag constants, velocity and position are known equation (4.41) can be
written in discrete-time regression fonm= H @ being

[ — k£C1 - kf\f\ll
Py — keCy — ke L

y = : (4.43)
L on — keCn — keje| dn
& -1 -t

w= | (.40
L&y —1 —in

0 = [m7<m£0+kfgo)7b]T (445)

and N the number of samples. Notice that the linearized system frequency related to
equation (4.37) for the translational DOFs is below the Nyquist frequehég/{ =)
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relative to the slowest on-board sens@&$1i = for sonars). For surge, ~ 38Ns/m,
Kyl = 333Ns?/m? assumingn ~ 675Kg andug = 0.2 m/s, v = 1/7 = k;/m =
Rut 20 Runl — 0.25H 2,

Within this approach the uncertainty on the inertia parameter estimate is expected
to be at least of the same order of magnitude of the drag parameter uncertainty. As es-
timating the inertian is somehow equivalent to estimating the systems time constant
T = m/k;, by standard error analysis it follows that/7 = 6k, /k; ~ 10%. Moreover
the applied force, assumed to be known perfectly, will be actually affected by some
error that must be reasonable thought to be of ab@it Numerical errors will be also
introduced in the computation gfas due to the absence of a velocity measurement the
I quantity is calculated filtering the acquired position signal with an off line Savitzky-
Golay polynomial filter to evaluate the velocifyand then integrating numericalfy¢|
over time. Numerical integrations must be also performed on the position signal and on
the applied fore in order to compuge These considerations and the fact that the sam-
pling rate of the position measurements is very |8 {7 = for sonars used for the linear
DOFs andl0 H = for the yaw) suggests that the inertia parameter identification by only
on board position measurements can not be expected to be very precise. Nevertheless
the estimated value is generally good enough to provide reliable and useful models for
modeling and control purposes.

4.2.9 Surge inertia parameter identification

The above described technique has been experimentally implemented on the surge and
yaw axis of the ROMEO RQW he surge experiments have been performed applying

an input force as the one given by equation (4.40) with the only front thrusters: with
reference to figure (4.3) and to section (4.2.6) this means that the drag coefficients are
assumed to b&, = (38 £ 7)Ns/m, ky, = (333 £ 24)Ns*/m? and the efficiency
parameted. The results of three different experiments labeled SWifrde inertia),

SUI2 and SUI3 are reported. In accordance with the input design criteria described in
the previous section the applied force Nrewton, in each experiments is:

ot
fu=35+25 sin(%)

beingT = T, = 26.8s, 15, = 40.2s and’l; = 53.6s in the SUI1, SUI2 and SUI3
experiments corresponding to frequenaigs= 0.23H z, vy = 0.16 Hz, v3 = 0.12H 2.

With reference to section (4.2.6) the regime veloeigycorresponding to the constant
surge forcef, = 35N can be estimated to bg ~ 0.2m/s so that assuming the drag
coefficients to bé:, = 38Ns/m andk,,| = 333N s*/m? as stated above and the inertia

m = 450 + 50%(450) = 675K g equations (4.37) and (4.39) suggest an optimal input
frequencyw,,, ~ 0.15H 2. Figure (4.30) shows the data relative to the SUI1 experiment.
From the top left plot in clock wise direction the following are displayed: the input force,
the 3.3H = sampling rate sonar profiler position measurement, the difference between
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4.30.Surge inertia parameter estimation experimen. For a detailed describiton of the plots refer to the
text.
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4.31.Surge inertia parameter identification experiment.

the trapezoidal rule numerical integral of the velocity signal (last plot) and the measured
position and the velocity signal computed with a Savitzky-Golay offdifierder filter
having a symmetrical window &f1 points. The solid curves in the position and force
plots refer to the data actually adopted for the identification process while the dashed
ones show the whole batch of data. Notice in the sonar measurement data the presence of
two multiple echoes at the beginning of the batch. Applying the LS estimation technique
outlined in the previous section to the data of the SUI1 experiment, the inertia parameter
is estimated to be

SUI1 experimentm = (884 £ 55)Kg
being the estimation error computed on the basis of equations (4.12) and (4.6). Itis
worthwhile remembering that this estimation error calculation method is approximated
as the measurement variarcan equation (4.6) is replaced by its estimated value given
by equation (4.12). This is equivalent to the tacit assumption [68] that the fitis "good’,
i.e. Jps(0)/v ~ 1 beingr the number of degrees of freedom of the fit. In the present
situation the fit is actually quite poor @5(9)/11 = 687N2s%. As a consequence, and
on the basis of the considerations developed in the previous section, the above reported
inertia parameter estimation error must be underestimated. This is also confirmed by
the scattered values of obtained processing the data of experiments SUI2 and SUI3:

SUI2 experiment :  m = (554 £ 31)Ky
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SUI3 experiment: m = (632 £ 39)Ky

and by the large values of the residual cabts(8) /v = 676 N2s* (SUI2) andJ,s(8) /v =
1032N2s% (SUI3). Figure (4.31) shows the data relative to the SUI2 experiment. From
the top left plot in clock wise direction the following are displayed: the nominal input
force, the3.3H z sampling rate sonar profiler position measurement, the difference be-
tween the trapezoidal rule numerical integral of the velocity signal (shown in the last
plot) and the measured position and the velocity signal computed with a Savitzky-Golay
off line 4 order filter having a symmetrical window dfl points. The solid curves

in the position and force plots refer to the data actually adopted for the identification
process while the dashed ones show the whole batch of data.

As pointed out in the previous section the proposed methodology for ROVs iner-
tia parameter identification is very simple, low cost, reasonably fast and based only
on standard on board sensors: the major drawback being a relatively large estimation
error. Nevertheless as standard ROV manoeuvres are performed with very limited ac-
celerations, the above estimated values of the inertia parameters, although affected by
an apparently large estimation error, can be successfully adopted to model the system
for filtering and control purposes. To quantitatively evaluate the reliability of the esti-
mated surge model the position measurement data of experiments SUI1 and SUI2 has
been compared with the model predicted position relative to the same input forces. In
figure (4.32) the position measurement of experiment SUI1 has been plotted with the
position predicted by two models having inertias= 550 K g andm = 860K ¢ and the
drag coefficients fixed to their nominal values = 38 N's/m andk,, = 333N s?/m?.
while in figure (4.33) the position measurement of experiment SUI2 has been plotted
with the position predicted by two models having inertias= 705K g (~ mean of
550K ¢ and860K g) and drag coefficients, = 38Ns/m, ky. = 333Ns?/m?* and
ko = (38 + T)Ns/m, kyu = (333 + 24)Ns*/m?. The position error between the
model and the experimental data is remarkably small during the whole length of the
trials for both experiments.

4.2.10 Yaw inertia parameter identification

In order to implement the above described methodology for the yaw axis the system time
constantr must be a priori estimated to compute the input torque frequengy As
described in section (4.2.5), the yaw model in the standard yaw rate operating range is
linear. Moreover the yaw inertia identification experiments have been performed apply-
ing the input torque with a thruster mapping having unit efficiency, i.e., with reference
to figure (4.3), the front left (FL) and rear right (RR) thrusters have been used for posi-
tive torques and the front right (FR) and rear left (RL) ones have been used for negative
torques. As a consequence the considered yaw model is
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