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A simplified approach to tune PD controller for the
depth control of an autonomous underwater vehicle

Sujay D. Kadam
Department of Instrumentation Engineering,

Shri Guru Gobind Singhji Institute
of Engineering and Technology,

Vishnupuri, Nanded, (MS), 431 606, INDIA.
Email: sujaykadam7@gmail.com

Kunal N. Tiwari
Department of Instrumentation Engineering,

Shri Guru Gobind Singhji Institute
of Engineering and Technology,

Vishnupuri, Nanded, (MS), 431 606, INDIA.
Email: kunal.n.tiwari@gmail.com

Abstract—The paper presents a simple method of tuning a PD
controller for controlling the depth of an autonomous underwater
vehicle. The non-linear dynamics of the depth of the vehicle are
linearised and approximated as an integrating process with dead-
time. The PD controller tuning is then done using gain margin
specifications.
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I. INTRODUCTION

Autonomous underwater vehicle (AUV) is a robotic device
use to carry out a variety of applications including survey
of ocean floors, post-lay survey of pipelines, anti-submarine
warfare or even as a tow device. The control of AUV has been
area of interest for many researchers. The controlling of AUV
is a challenging task partly due to the complex coupling in the
subsystem [1] and partly due to the harsh and unpredictable
environment in the ocean.

A varied number of techniques have been proposed for the
depth control of AUV. A model of AUV with the three lightly
interacting subsystem for steering, diving and speed control
and autopilot design for the same was proposed by [2]. The
possibility of AUV control by sliding mode controller was
investigated by [3, 4] and the fuzzy sliding mode controller
was proposed by [5]. Other intelligent controls include neural-
networks [6] and single input fuzzy logic control [7]. The paper
asserts the use of a simple PD controller for the depth control
of the AUV making certain assumptions with the dynamics of
the AUV.

II. MODELING OF AUV

The modeling of AUV in 6 degree-of-freedom is done
using two reference frames. The position and orientation of
AUV are described with respect to earth fixed reference frame
while the linear velocities ( surge x, sway y and heave z) and
angular velocities ( roll p, pitch q and yaw r) are described
with respect to body fixed reference frame. The velocity vector
ν and position and orientation vector η can be represented as

ν = [u, v, w, p, q, r, ]T (1)
η = [x, y, z, φ, θ, ψ]T (2)

The mapping between the position and orientation and veloc-

Fig. 1: The six degrees of freedom

ities is given by velocity transformation (also known as Euler
angle transformation) and can be represented as:

η̇ = J(η)ν (3)

The nonlinear dynamics of AUV can be represented in a
compact form as:

Mν̇ + C(ν)ν +D(ν)ν + g(η) = τ (4)

Where,
Mν̇ is the 6× 6 inertia matrix(including added mass)
C(ν) is the matrix of coriolis and centripetal terms (including
added mass)
D(ν) is the damping matrix
g(η) is the vector of gravitational forces and moments
τ is the vector of control inputs

The simplified equations of motion in pure depth plane
can be written by assuming the origin of body fixed frame to
coincide with center of gravity as:

m(ẇ − u0q) =
∑

Z (5)

Iyy q̇ =
∑

M (6)
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The external forces and moments are expressed as :∑
Fext = Fhydrostatic + Flift + Fdrag

+ Fcontrol + Fdisturbance (7)

The simplified version of above equation for the pure depth
plane can be written as:

∑
Z = Zẇẇ + Zq̇ q̇ + Zww + Zqq + Zδsδs (8)∑
M = Mẇẇ +Mq̇ q̇ +Mww +Mqq +Mθθ +Mδsδs(9)

For the vehicle in pure depth plane , we can assume the
forward speed to be constant.Similarly we neglect sway and
yaw modes ( θ = constant and q0 = φ0 = 0). This gives

θ̇ = q (10)
ż = −u0sinθ + wcosθ

∴ ż ≈ −u0θ + w (11)

Together the equation can be conveniently written in a
matrix form as :


m− Zẇ mxg − zq̇ 0 0

mxg −Mẇ Iyy −Mq̇ 0 0

0 0 1 0

0 0 0 1



ẇ

q̇

θ̇

ż

 (12)

+


−Zw mu0 + Zq 0 0

Mw mxgu0 −Mq Mθ 0

0 −1 0 0

−1 0 u0 0



w

q

θ

z

 =


ZδS
Mδs

0

0

 δs (13)

The value of the dimensions, hydrodynamic coefficient and
vehicle parameter are given in table (I). Using these values the
equation can be written as:

ẋ = A(t)x+B(t)u (14)

Where,

x = [w q θ z]
T

A =


−0.6529 −2.4522 0.0855 0

3.2219 −3.1309 −44.6794 0

0 1 0 0

1 0 −4.11 0


B = [0.4147 −3.6757 0 0]

T

u = δs

III. DEPTH CONTROL OF AUTONOMOUS UNDERWATER
VEHICLE

The PD controller presented in has been applied for the
control of autonomous underwater Vehicle in [7]. The depth of
the AUV is controlled using the PD controller with disturbance
observer as the depth dynamics of the AUV exhibit integrating
process characteristics.

TABLE I: Parameters of AUV and their values

Parameter Value
Iy 0.001925
m 0.036391
Mq̇ -0.001573
Mẇ -0.000146
Mq -0.01131
Mw 0.011175
Mθ 0.156276/u2

0
Mδ -0.012797
Zq̇ -0.000130
Zẇ -0.031545
Zq -0.017455
Zw -0.043938
Zδ 0.027695

A. Model of the AUV

The state-space model of the AUV is given by equation
(14), which is a coupled system. The transfer function between
depth (z) and stern plane displacement (δs) is obtained as,

Z(s)

∆s(s)
=

1.4147s2 + 25.4301s+ 22.5863

s4 + 3.7838s3 + 54.634s2 + 28.8957s
(15)

which can be represented as,

Z(s)

∆s(s)
=
K

s
G(s) (16)

Where, G(s) is the non-integrating part of the above transfer
function given in equation (15).

G(s) =
0.9623s2 + 17.299s+ 15.3648

s3 + 3.7838s2 + 54.634s+ 28.8957
(17)

and K = 1.47, is the steady state gain of the overall transfer
function. Since G(s) is of a sufficiently high order, we can
assume G(s) to contribute some time lag (dead-time) i.e.
G(s) = Gp(s)e

−ds. We can thus represent equation (16)
as,

Z(s)

∆s(s)
= Gp(s)

K

s
e−ds

We will ignore the dynamics contributed by Gp(s) as pole at
origin is very much dominant to any of the other poles of the
transfer function given by equation (15).

B. Approximation of AUV depth transfer function as IPDT
process

Approximation of the transfer function given by equation
(15) has been done as shown in Fig. (2). The integrating
part of the non-linear depth dynamics has been approximated
as an integrator with gain K after a dead-time of d. The
approximation of the open loop response of the depth transfer
function gives the following IPDT process:

GAUVdepth(s) =
1.47

s
e−0.5s (18)

i.e. K = 1.47 and d = 0.5.
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Fig. 2: Approximation of AUV depth transfer function as IPDT
process

C. PD Controller settings

The PD controller of parallel form is considered for the
depth control of the autonomous underwater vehicle approx-
imated by equation (18). The depth dynamics being of inte-
grating nature, integral mode is avoided. The parallel form PD
controller transfer function is given by,

GC(s) = KP +KDs (19)

where, KP and KD are proportional and derivative gains
respectively. The PD controller stated above is tuned by the
tuning rules given by equations that follow.

KD =
d

K
(20)

KP =
d

Am
√

1 +KKDd
(21)

where, Am is the desired gain margin.

The values for the PD controller gains for the approximated
AUV depth transfer function are given in the table (II) below.

TABLE II: PD controller settings

Am KP KD

1 0.4472 0.3401
2 0.2236 0.3401
3 0.1491 0.3401

IV. SIMULATIONS

The step response of the depth transfer function of the AUV
is shown in Fig. (3). The effect of varying the gain margin

Fig. 3: Unit step response of the depth of AUV controlled by
PD controller and the corresponding stern plane displacement

specification as Am = 1, 2, 3 is demonstrated in Fig. (4).
With an increase in the value of gain margin specified, the
response of the depth change becomes sluggish. The variations
in Bode plots after using the controller settings for different
gain margins (Am = 1, 2, 3) are shown in the Figure. (5).
The responses of the AUV to changes in depth command

Fig. 4: Effect of varying the gain margin specification

inputs is shown in Fig. (6).

The effect of depth tracking of the AUV on the heave
velocity, pitch and pitch velocity is shown in Fig. (7).
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Fig. 5: Bode plots for different gain margin specifications

Fig. 6: Response of the AUV to change in depth and corre-
sponding stern plane displacement

Fig. 7: Changes in heave velocity, pitch and pitch velocity with
the change in the depth

V. CONCLUSION

The paper has presented the depth control of a autonomous
underwater vehicle by approximating the non-linear dynamics
of the vehicle as a process with integration using a simple
PD controller. The simulations show that the PD controller
performs acceptably with respect to the depth control without
significantly affecting the values of pitch and heave velocities
and the pitch angle. Also the stern plane displacement is
smooth and achievable for a practical actuation system.
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