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suspension objective. The actuator in an active suspension
system is placed as a secondary suspension system for the
vehicle. The controller drives the actuator, which depends
on the proposed control law. The active suspension system
gives the freedom to tune the whole suspension system,
and the control force can be initiated locally or globally
depending on the system state. Also, the active suspension
system has the supplementary advantages, because, in this
suspension system the negative damping can be afforded and
a large range of forces can be produced at low velocities.
Thus, these forces potentially allocate improvement in the
system performance. The selection of control strategy is
very important in the active suspension system. With proper
control strategy, it will present improved coalition between
ride comfort and vehicle stability. Initially many researchers
assumed that the vehicle models are linear, but these models
have some nonlinearities, like dry friction on the dampers.
These nonlinearities can affect the vehicle stability and ride
comfort.
In the last few years, researchers applied different linear
control methods and nonlinear control methods to the vehicle
suspension models. The best performance assessments of
variable suspension system on a quarter car model are
examined by [2], but only gave information about the heave
of the model and seems overlooked the rattle space limit.
Various linear control techniques are applied on a quarter
car model [17], but did not show any information for large
gain from road disturbance to car body acceleration. The
passenger suspension seat was taken into account in their
control technique by [15]. The quarter car model described
the passenger suspension seat with nonlinearities like shock
absorber damping, bump stops and linkage friction. Since
this model does not give the sufﬁcient information about
the vehicles angular motion, therefore, vibration control
and dynamic behavior of a half-car suspension model is
investigated by various researchers in [5]. [6] used optimal
control laws to compare the performances of the passive
suspension system and active system suspension on quartercar model, half-car model and full-car model [7]. applied
PID controller on an active suspension system. A study on

Abstract—Suspension system of a vehicle is used to minimize
the effect of different road disturbances on ride comfort
and to improve the vehicle control. A passive suspension
system responds only to the deﬂection of the strut. While, the
semiactive system setup can dissipate energy from the system
at an appropriate time, in a way or amount that is right for
all the variables in the system. The main objective of this
work is to design an efﬁcient active suspension control for full
car model with 8-Degrees of Freedom (DOF) using adaptive
softcomputing technique. So, in this study, an Adaptive NeuroFuzzy based Sliding Mode Control (ANFSMC) is used for full
car active suspension system to improve the ride comfort and
vehicle stability. ANFSMC is adapted in such a way as to
estimate online the unknown dynamics and provide feedback
response. The detailed mathematical model of ANFSMC has
been developed and successfully applied to a full car model.
The robustness of the presented ANFSMC has been proved
on the basis of different performance indices. The analysis
of MATLAB/SMULINK based simulation results reveals that
the proposed ANFSMC has better ride comfort and vehicle
handling as compared to passive or semi-active suspension
systems.
Keywords-Sliding Mode Control; Fuzzy Logic; Neural Network; Active Car Suspension;

I. I NTRODUCTION
Suspension system is a common property of all vehicles. Suspension system isolates the vehicle body from the
road disturbances to improve ride comfort and good roadhandling. Ride comfort and good road-handling performance
of a vehicle are generally analyzed by the damping feature of
the shock absorbers. A vehicle suspension may be classiﬁed
as passive suspension, semi-active suspension and active
suspension system. Passive suspension system comprises
springs and shock absorbers [1]. The springs are supposed to
have a linear feature and shock absorbers exhibit nonlinear
afﬁliation between force and velocity. So, in passive suspension systems, these components have ﬁxed characteristics
and have no means for feedback control. Whereas, the semiactive suspension system changes the damping coefﬁcient
by the electromagnetic regulator inside the absorber. The
important feature of the active suspension system is that
a peripheral power source is applied to attain the desired
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nonlinear active suspension system [8], [9] were carried out.
Some comparison of PID controlled active suspension and
sliding mode controlled active suspension is proposed [10].
Also PI sliding mode control [12] is applied on an active
car suspension system. [16] examined the active control of
seat vibrations of a vehicle model using various suspension
alternatives.
PID control technique is pertained as a conventional law.
Since this control technique can be applied broadly and
widely, it has performed signiﬁcant role in control applications. But, this control method is sensitive to parameter
changes. If the plant changes its parameters due to uncertainties, then PID controller cannot update their parameters
according to plant parameters. On the other hand, the adaptive PID controller can update its parameters according to the
models parameters. Because of this, adaptive PID controller
has better performance than conventional PID control. But
on the hand, adaptive PID control has not much nonlinearity
as compared to fuzzy logic control to control the nonlinear
system. Fuzzy logic control has been broadly considered and
executed in different control systems [13], [14]. A major
advantage for this kind of control approach is that a precise
depiction of the system is not essential, the system relies on
different sensors, vagueness intrinsic in the measurements
acquired by the various sensors are obligatory. Fuzzy logic
control is perfect for this sort of condition, since exact and
accurate input is not necessary. Because, fuzzy logic control
is a set of linguistic rules, which signiﬁes human thoughts
and arranges the estimation to resolve control approaches for
the whole process. Due to these beneﬁts, many researchers
prefer to look into this kind of control approach to reduce
the tradeoff between the ride comfort and vehicle stability.
In [15], the authors used a fuzzy logic controller tuned
to increase the ride comfort of the vehicle. A variety of
simulations showed that the fuzzy logic control is efﬁcient
to give a better ride quality than other common control
approaches for example, skyhook control [17].
[18] presented a sliding mode controller for active suspension systems. But this does not address the problem of
robustness and models uncertainties. A variety of simulations showed that the fuzzy logic and observer-based fuzzy
sliding-mode control is proﬁcient to give a better ride quality
than other common control approaches [19]. In this study,
ANFSMC control technique is used to enhance the ride
comfort and vehicle stability against the road disturbances.
The passenger seat is also incorporated in the vehicle model
to improve the passengers comfortability.
The paper is divided into 6 sections. Section II, discusses the
full vehicles model. Section III discusses the control problem, Section IV, discusses ANFSMC for full car suspension
control. Finally, simulation results and conclusion are given
in section V and VI, respectively.

Figure 1.

Full Car Model

II. V EHICLE ’ S M ODEL
The full car suspension model is known to be a nonlinear
system, which has eight-degrees of freedom. It comprises
only a sprung mass attached to the four unsprung masses
Mf r , Mf l , Mrr , Mrl (front-right, front-left, rear-right and
rear-left wheels) at each corner. The sprung mass is allowed
to have pitch, heave and roll and where the unsprung masses
are allowed only to have heave. For simplicity all other
motions are ignored for this model. This model has eight
degrees of freedom and allocates the body acceleration and
upright body displacement, pitch and roll motion of the
vehicle body. Full car is professionally ensuring passenger
safety and ride comfort. This model is considering only one
seat and this is very important to take into consideration
other ﬁxed with chassis [16]. The eight degrees of freedom
consists of (x1 , x2 , x3 , x4 , x5 , x6 , x7 = θ, x8 = φ) four
wheels displacement, seat displacement, heave displacement,
pitch displacement and roll displacement. The model of
a full car suspension system is shown in ﬁgure 1. The
suspensions between the sprung mass and unsprung masses
are modelled as nonlinear viscous dampers and spring
components and the tyres are modeled as simple nonlinear
springs without damping elements. The actuator gives forces
that determine the displacement of the actuator between
the sprung mass and the wheels. The dampers between
the wheels and car body signify sources of conventional
damping like friction among the mechanical components.
The inputs of full car model are four disturbances coming
through the tyres, and the four outputs are the heave, pitch,
seat, and roll displacement [20], [21], [22], [23]. The full car
model will be used as a good approximation of the whole
car.
A. Mathematical Modeling
The general class of nonlinear MIMO system is described
by:
y (r) = A(x) +

p 
s

i=1 i=1
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Bij (x)uj +

p 
s

i=1 i=1

Gij (x)zj

(1)

r −1

Where x = [y1 , ẏ1 , ..., y1r1 −1 , ..., yp , ẏp , ..., ypp ]T ∈ Rr
is the overall state vector, which is assumed available and
r1 +r2 +...+rp = r. u = [u1 , u2 , ..., us ]T ∈ Rs is the control
input vector, y = [y1 , y2 , ..., yp ]T ∈ Rp is the output vector
and z = [z1 , z2 , ..., zs ]T ∈ Rs is the disturbance vector.
Ai (x), i = 1, ..., p are continuous nonlinear functions,
Bij (x), i = 1, ..., p, j = 1, ..., s are continuous nonlinear
control functions and Gij (x), i = 1, ..., p, j = 1, ..., s are
continuous nonlinear disturbance functions.
Let
A = [A1 (x) A2 (x) ... Ap (x)]T
The control matrix is:
⎡

b11 (x)
⎢ ..
B(x) = ⎣ .
bp1 (x)

The disturbance matrix is:
⎡
g11 (x)
⎢ ..
G(x) = ⎣ .
gp1 (x)
(r1 )

y (r) = [y1

(r2 )

, y2

...
..
.
...
...
..
.
...

(2)

⎤
b1s (x)
.. ⎥
. ⎦
bps (x)

The aim of this control strategy is to improve the ride
comfort and vehicle stability against the road disturbances.
The comfort is examined by the vertical displacement and
acceleration felt by the passenger. The lifetime of elements
of vehicle is conserved by keeping away from hitting the
rattle space limits, i.e., to stay away from the allowable peak
to peak displacement of the system. Hence, the controller
goal is to minimize the displacement and acceleration of the
vehicle body with reference to the open-loop, to avoid the
suspension travel should not hitting the rattle space limits.
So, the controller performance is good when it reduces the
vehicle vibrations under road disturbances. In this study, a
road proﬁle is expressed as.

p×s

(4)
p×s

, ..., yp(rp ) ]T

y (r) = A(x) + B(x).u + G(x).z

(5)

A(.) ∈ Rp×p ; B(.) ∈ Rp×s ; G(.) ∈ Rp×s

⎧
⎪
a(1 − cos8πt)
⎪
⎪
⎪
⎪
⎪
⎨
z(t) = (b1 − cos8πt)
⎪
⎪
⎪
⎪
⎪
⎪
⎩0

The generic nonlinear car model is,
ẏ = f (x) + B(x).u + G(x).z

(6)

y = h(x)
(16×16)

(16×4)

Road Proﬁle
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(3)

⎤
g1s (x)
.. ⎥
. ⎦
gps (x)

Figure 2.

(7)
(16×4)

f (x) ∈ R
, B(x) ∈ R
, G(x) ∈ R
, state
vector x ∈ R(16 × 1), u ∈ R(4 × 1) and z ∈ R(4 × 1). The
above matrices can be shown in state-space form, with state
vector x that is also represented in row matrix form.

1 ≤ t ≤ 2, 9 ≤≤ 10
15 ≤ t ≤ 16 and 17 ≤ t ≤ 18
3 ≤ t ≤ 4, 7 ≤≤ 8
13 ≤ t ≤ 14 and 20 ≤ t ≤ 21
otherwise

Where a = 0.10 m and b = 0.15 m are the amplitudes
of two different bumps on the road. These road proﬁles are
very helpful for observing the heave, pitch and roll of the
vehicle. Figure 2 shows the road proﬁle.
The control problem is that the suspension travel should
be less than the amplitude of disturbance i.e., 0.15 m. The
maximum displacement of the road proﬁle is 0.15 m. The
time delay between front and rear wheels is given by:

f (x) = [A1 (x) A2 (x) A3 (x) ... A16 (x)]
x = [x1 x2 x3 ... x16 ]T
A1 (x) to A8 (x) are velocity states and A9 (x) to A16 (x) are
acceleration states of four tires, seat, heave, pitch and roll
[16]. The disturbance inputs for each tire individually are
represented in the form of z matrix.
z = [z1 z2 xz z4 ]T

δ(t) =

zn are n disturbances applied to full car model. un are n
controllers output to full car model, to regulate the car model
disturbances. yn are n states of car. rn are n desired outputs
of the controller.

(s1 + s2 )
V

(8)

Where s1 = 1.2 m and s2 = 1.4 m are the values of
distance between front wheels and rear wheels and V is the
vehicle velocity, which is uniform.
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IV. A DAPTIVE S LIDING M ODE C ONTROL BASED
N EURO -F UZZY S TRATEGY
As sliding mode control is a nonlinear control strategy,
which can provide robust state feedback for the nonlinear dynamic systems. The sliding mode control forces the systems
state to stay on the switching surface. When the system states
reach the sliding surface, then, the system stay insensitive
to internal constraint oscillations and irrelevant disturbances
[28]. The sliding mode control structure should satisfy two
requirements, i.e., the closed-loop stability and performance
speciﬁcations. Consider the following sliding mode surface
by using a sign function, i.e.,
q = ksgn(s)

Figure 3.

s
sat( ) =
ψ

(9)

Where k is a constant and it is the maximal value of the
controller output. s is called switching function, because,
the control action switches its sign on the two sides of the
switching surface s = 0 . s is deﬁned as [29], [31].
s = ė + λe

−1
1

(10)

if s < 1
if s > 1

or it can be written as
q = k.tanh

s
ψ
s
ψ

|≤ 1
|> 1



ė + λe + c
ψ

(13)

(14)

where ψ and c are the constant and λ is the thickness of
the sliding surface. It is proven that if k is large enough, the
sliding mode controllers of (9), (12) and (14) are guaranteed
to be asymptotically stable. The nonlinear switching curve
is shown in ﬁgure 3. This nonlinear curve shows that the
switching band around the switching line is there to alleviate
chattering.

(11)

where τ is a positive constant that ensures the system
trajectories will meet the sliding surface.
The aforementioned sign function for the sliding mode controller structure often cause chattering in practice. Chattering
is undesirable, because, it may excite the high frequency response of the system. In order to resolve the chattering issue,
a boundary layer around the sliding surface is introduced
[32].
q = qs

sgn( ψs )

if |
if |

s
q = k.tanh( )
ψ

This control strategy will ensure that the system states
move towards and stay on the sliding surface, s = 0 from
any initial condition if the following condition meets
sṡ ≤ −τ | s |

s
ψ

This controller is actually a continuous approximation of
the ideal relay control [29], [30]. The result of this control
scheme is that invariance of sliding mode control is lost. The
system robustness is a function of the width of the boundary
layer. A variation of the above controller structure is to use a
hyperbolic tangent function instead of a saturation function
[33], [34].

where e = y − yref , here y and yref are the actual and
desired states. λ is a constant, then sgn(s) is a discontinuous
function given as:
sgn(s) =

A nonlinear switching surface

A. ANFSMC Structure
The TSK fuzzy system is fundamentally adaptive and
nonlinear in nature, which provides robust performance
for the parameter variations and load disturbances. The
fundamental idea of the fuzzy modeling was given by Zadeh
in [35]. The proposed ANFSMC connects TSK fuzzy logic
system with sliding mode functions. In the ANFSMC, linear
function or constant in the consequent part of the linguistic
rules in TSK fuzzy systems are replaced with hyperbolic
tangent function to enhance the estimation power of the
neuro-fuzzy system by using the information of hyperbolic
tangent function. Each rule in a TSK fuzzy logic control can
be a sliding mode controller. The sliding mode controller in
each rule can have various forms. The boundary layer and
the coefﬁcients of the sliding surface become the coefﬁcients

(12)

Where
s
qs = k.sat( )
ψ
where ψ is a constant which denotes the thickness of the
boundary layer and sat( ψs ) represents the saturation function
which is deﬁned as:
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of the rule output function and have their physical meanings.
The ith fuzzy sliding mode rule can be expressed as, i.e.,
IF x1 is Ai1 AN D x2 is Ai2 AN D ... AN D xi is Anm (15)
s
T HEN ym is k.tanh( ), i = 1, ..., m
ψ

Where x1 , x2 , ..., xm , y1 , y2 , ..., ym are the input-output
variables and Aij is the membership function of ith rule
and jth input. The ANFSMC structure is given in ﬁgure 4.
In the antecedent part, fuzzy reasoning process is performed
and in the consequent part of the rule sliding mode control
process is performed.
Layer 1: In this layer fuzzy reasoning process is performed. This layer accepts input values. Its nodes transmit
input values to the next layer.
Layer 2: In this layer fuzziﬁcation process is performed
and neurons represent fuzzy sets used in the antecedents
part of the linguistic fuzzy rules. The outputs of this layer
are the values of the membership functions. Then Gaussian
membership function is given by:
ηj (xi ) = e

−

(xi −gij )2
σ2
ij

,

Figure 4. Schematic diagram of back-propagation learning algorithm for
ANFSMC

1) Parameters Updating Learning Rules: The ANFSMC
learning is to minimize a given function or input and
output values by adjusting network parameters. Unknown
parameters are mean, gij and variance, σij of membership
functions in antecedent part, λl , cl , ψl and wl are the
update parameters in the consequent part of the rules. In
this study, the gradient descent technique is used reduce
the cost function. To minimize the error between the actual
output value of the system and the desired value, the gradient
descent method can be expressed as:

i = 1, 2, ..., m, j = 1, 2, ..., n (16)

Where ηj (xj ) shows the membership function, gij and gij
are the mean and variance of membership function of the jth
term of ith input variable, m and n are the number of input
signals and number of nodes in second layer, respectively.
Layer 3: In this layer each node represents a fuzzy rule. In
order to compute the ﬁring strength of each rule, and min
operation is used to estimate the output value of the layer.
i.e.,
μj (x) =
Where





ηj (xi )

1
(yref − yi )2
2 i=1
n

J=

(20)

Where yref and yi are the desired and current output
values of the system, respectively. The update parameters
wl , λl , cl and ψl of the consequent part of network, and
gil and σil (j = 1, 2, ..., n) of the antecedent part of the
network can be formulated as:

(17)

i

is the meet operation and μj (x) are the input

i

values for the next layer (consequent layer).
Layer 4: In this layer, hyperbolic tangent function are
represented.
Layer 5: This layer estimates the weighted consequent
value of a given rule,i.e., the hyperbolic tangent function
are multiplied with the third layers output value. Therefore,
the output value for this layer is given by:
 
s
(18)
pl = wl k.tanh
ψ
Layers 6,7: In these layers, the defuzziﬁcation process is
performed, i.e.,
n

μi (x)pl
l=1
u= 
(19)
n
μi (x)
l=1

Where u is the output for the entire network.
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wl (t + l) = wl (t) − γ

∂J
∂wl

(21)

λl (t + l) = λl (t) − γ

∂J
∂λl

(22)

cl (t + l) = cl (t) − γ

∂J
∂cl

(23)

ψl (t + l) = ψl (t) − γ

∂J
∂ψl

(24)

gij (t + l) = gij (t) − γ

∂J
∂gij

(25)

σij (t + l) = σij (t) − γ

∂J
∂σij

(26)

Where γ represents the learning rate.
By using chain rule, the partial derivatives of the
∂J
∂J
∂J
∂J
∂cl , ∂ψl , ∂gij and ∂σij can be expressed as:

∂J
∂J
∂wl , ∂λl ,

∂J
∂J ∂y ∂u ∂pl
=
∂wl
∂y ∂u ∂pl ∂wl

(27)

∂J
∂J ∂y ∂u ∂pl
=
∂λl
∂y ∂u ∂pl ∂λl

(28)

∂J
∂J ∂y ∂u ∂pl
=
∂cl
∂y ∂u ∂pl ∂cl

(29)

∂J
∂J ∂y ∂u ∂pl
=
∂ψl
∂y ∂u ∂pl ∂ψl

(30)

Figure 5.

∂J
∂J ∂y ∂u ∂μj
=
∂gij
∂y ∂u ∂μj ∂gij

(31)

∂J
∂J ∂y ∂u ∂μj
=
∂σij
∂y ∂u ∂μj ∂σij

(32)

B. Online Adaptive Neuro-fuzzy Sliding Mode Control Algorithm
Figure 5 shows the closed-loop control structure for the
proposed ANFSMC control. This structure is employed
to update the parameters of the ANFSMC control. The
calculations at any instant of time can be described in the
following steps.
Step 1: Set the input-output, yref and y of the system.
Step 2: Update the parameters of the ANFSMC scheme, i.e.,
gij , σij , wl , λl , cl and ψl by using equations (21 − 26).
Step 3: Calculate the output of the ANFSMC scheme by
using equation (19).
Step 4: Finally, output of the controller added with disturbances is given to system.
Step 5: Repeat steps (2-4) until solution converges.

∂y
is approximated by a constant r [26],
Where the quantity ∂u
[27]. By taking the derivative of the above equations, it give



ė + λi e + ci
∂J
μj
= er  ktanh
∂wl
μj
ψi

(33)

j



ė + λi e + ci
∂J
μi
= e2 r  wi ksec2 h
∂λl
ψi μj
ψi

C. Simulation Results

(34)

In this study, it is assumed that the vehicle is moving with
uniform velocity unless the road disturbances create the
undesired oscillations in the vehicle body. The closed-loop
structure for full car suspension control is given in ﬁgure 5.

i



ė + λi e + ci
∂J
μi
= er  wi ksec2 h
∂cl
ψi μj
ψi

Closed-loop control structure for active suspension


(35)

i



ė + λi e + ci
∂J
μi
= −er  wi ksec2 h
∂ψl
ψi μ j
ψi
i


ė + λi e + ci
ψi2

In order to fulﬁll the aim of the active suspension system,
the proposed active suspension strategies are successfully
implemented on full car suspension system to improve the
vehicles stability and passengers comfort. The comfort is
examined by the vertical displacement and acceleration felt
by the passenger. The controllers goal is to minimize the
displacement and acceleration of the vehicle body with
reference to the open-loop, so, as to avoid the suspension
travel hitting the rattle space limits. So, the controller performance is good when it reduces the vehicle vibrations under
road disturbances. In this section, the simulation results
of displacement and acceleration of the heave, pitch, roll
and seat (with and without controller) are given. These
results are compared with passive suspension and semiactive suspension systems. The simulation time for the road
proﬁle is 24 seconds.
The performance index (PI) used for evaluation of different

(36)

∂J
yj − u
2(xi − gij)
= er 
μi (xi )
2
∂gij
μj
σij

(37)

∂J
yj − u
2(xi − gij)2
= er 
μi (xi )
3
∂gij
μj
σij

(38)

i

i

Hence the equations (33 − 38) give the required change for
∂J
∂J ∂J
∂J
∂J
∂J
the values of ∂w
, ∂λ
, ∂cl , ∂ψ
, ∂g
and ∂σ
respectively.
ij
ij
l
l
l
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Figure 6.

Seat displacement without control

Figure 7.

Heave displacement

Figure 9.

Pitch displacement

Figure 10.

Roll displacement

Seat displacement with control

algorithms is given by,
PI =

Figure 8.

1
2



T
0

(ZPT QZP )dt

(39)

where, Zp is the vector for displacement or acceleration, Q
is the identity matrix. The Root Mean Square (RMS) value
for displacement and acceleration of heave, pitch, roll and
seat has been calculated by,


1 T
rms
[h(t)]2
(40)
zdisp. =
2 t=0

rms
=
z̈disp.

1
2



T

[h(t)]2

(41)

to passive suspension. The seat with controller increased the
passenger comfortability by 10%.
Figures (9 − 10) show that the response of heave, pitch
and roll is improved as compared to passive suspension and
semiactive suspension system. In passive suspension and
semiactive suspension, the maximum value of displacement
for heave is 0.065 m and 0.045 m while, for the ANFSMC
control, the maximum value of displacement for heave is
0.019 m. Here, the value of heave is improved by 79% as
compared to passive suspension and 68% as compared to
semi-active suspension system. In passive suspension and
semiactive suspension, the maximum value of displacement
for pitch is 0.035 m and 0.029 m while for the ANFSMC
control, the maximum value of displacement for pitch is

t=0

Figures (6−7) show that the response of seat with control
(wc) and seat without control (woc) is improved as compared
to passive suspension and semi-active suspension system. In
passive suspension and semi-active suspension, the maximum value for seat displacement is 0.084 m and 0.062 m
while, for the ANFSMC control, the maximum value for
seat displacement is 0.025 m. Here, the passenger comfort
is increased by 71% as compared to passive suspension and
60% as compared to semi-active suspension system. The
response of seat with controller is better than seat without
controller. Also, the settling time of ANFSMC controller is
reduced and steady state response is improved as compared

113

0.013 m. Here, the value of pitch is improved by 70% as
compared to passive suspension and 57% as compared to
semi-active suspension system. In passive suspension and
semi-active suspension, the maximum value of displacement
for roll is 0.062 m and 0.045 m while, for the ANFSMC
control, the maximum value of displacement for roll is
0.020 m. Here, the value of roll is improved by 68% as
compared to passive suspension and 56% as compared to
semi-active suspension system. This increased the vehicle
stability, ride comfort and passenger comfortability. Also,
the settling time of ANFSMC controller is reduced and
steady-state response is improved as compared to passive
suspension.
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Table I
P ERFORMANCE COMPARISON
DOFs
Seat (woc)
Seat (wc)
Heave
Pitch
Roll

Control Algo.

rms
z̈disp.

rms
z̈acc.

PI

Passive
Semi-active
ANFSMC
Passive
Semi-active
ANFSMC
Passive
Semi-active
ANFSMC
Passive
Semi-active
ANFSMC
Passive
Semi-active
ANFSMC

0.0166
0.0134
0.0074
0.0166
0.0134
0.0071
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