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Abstract—In this paper, a digital filter for optimizing airspeed
sensor in Hybrid Vertical Take-Off and Landing (VTOL) UAV will be
presented. The filter itself is a low-pass filter Infinite Impulse
Response that will reduce noise from airspeed sensor readings. The
hybrid UAV needs reliable data of airspeed to perform autonomous
transition smoothly. The main topic of this paper is about design and
implementation of simple first order IIR Filter. This paper also
includes the algorithm of the filter which will be implemented in the
UAV’s autopilot. Therefore, the complex algorithm and the limitation
of microprocessor need to be concerned. This filter algorithm
theoretically will reduce noise in airspeed data acquisition which
disrupt control algorithm in UAV’s autopilot without compromising
main microprocessor, particularly when the hybrid UAV is in
transition state. The algorithm of this filter tested and validated using a
model aircraft and compared before and after adding filter. The result
also presented in this paper.
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1. INTRODUCTION

NOWADAYS Unmanned Aerial Vehicle (UAV) has been
developed and used for myriad practical purposes [1,2,3].
There are two common configurations of UAV, rotary-wing
UAV and fixed-wing UAV [4]. Rotary-wing UAV
configuration has advantages such as does not need large area
to do take-off and landing. However, Rotary-wing UAV draw
much energy. Fixed-wing UAV has advantages such as high
endurance, but it will need area for take-off and landing. The
Hybrid VTOL UAV was designed to take these advantages
[5.6].

The lift of the fixed-wing aircraft is very dependent on airspeed.
When the airspeed drops below the stall speed, the aircraft will
lose its lift. GPS is reliable speed sensor, but with only GPS, it
is hard to estimate actual airspeed especially when in windy
situation. The airspeed sensor itself is very noisy without
proper filter. Accurate airspeed data is very crucial for hybrid
UAYV when in transition state, so the autopilot knows when to
shut down or decrease the power of vertical motors and control
mixing between multirotor and fixed-wing [7]. The autopilot
will turn off all the vertical motors completely after the UAV

Corresponding author: Agus Budiyono (e-mail: budiyono@alum.mit.edu).
This paper was submitted on June 28, 2016; revised on August 3, 2016; and
accepted on August 14, 2016.

reaches transition airspeed. When the airspeed sensor is noisy,
there will be a spiked reading that makes the autopilot hard to
determine whether the transition airspeed has been reached.

II. AIRSPEED ESTIMATION

Airspeed can be estimated through Bernoulli’s equation.
Stagnation pressure, also known as total pressure, can be
written as

P, =P + %pv2 t)

Solving above equation for flow velocity
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where v, p, Py, P; are airspeed, air density, total pressure, and
static pressure, respectively, therefore (P, — P;) is pressure
difference in pitot tube.

Then that equation can be simplified to
v = kAP 3)
where v,k,AP are airspeed, simplified pressure gain,
and pressure difference, respectively.

Equation (3) will be used in airspeed data processing with
input from filtered pressure difference. The filter will be added
after pressure difference reading.

III. FILTER DESIGN

This filter basically is a low pass filter based on first order
Infinite Impulse Response (IIR) Filter. Higher order filter will
give better performance but needs more memory and also
increase execution time in microprocessor, which will decrease
flight performance overall. It also delays data more cycles.

aoy[n] + a;yln — 1]+ -+ apy[n — P | 4)
= box[n] + byx[n — 1] + -+ + byx[n — Q]

Then the above equation can be rearranged to

roay[n—i] = X% box[n —j] (5)
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where x[n], a;, P,y[n], b;, Q are input signal, feedback filter
coefficients, feedback filter order, output signal, feedforward
filter coefficients, and feedforward filter order, respectively.

The equation can be simplified because this filter only use
first order.

apy[n] + ayy[n — 1] = box[n] + byx[n — 1] (6)

with a, = 1, then the equation can be rearranged to

y[n] = box[n] + byx[n — 1] = a;y[n — 1] @

where x[n], y[n], ag, @y, by, b; are raw differential pressure
input, filtered differential pressure output, coefficients of
feedback filter, and coefficients of feedforward filter,
respectively.

IV. ALGORITHM

To implement the algorithm, pressure difference data from
airspeed sensor is required. The sensor only provides raw
pressure difference data, not the total pressure nor the static
pressure. After acquiring the raw data, it is calculated with
calibration offset. Next step, the calibrated pressure difference
is inserted into that IIR filtering in Eq. (7) to reduce noise. This
step is the main filter algorithm. After filtering, clean pressure
difference is inserted into airspeed Eq. (3). Then clean airspeed
data is ready to be used in main control algorithm.

Raw pressure
difference acquisition

Calculation with
calibration offset

Differential pressure
filtering

Insert into equation

L ]

Filtered airspeed data

Figure 1 Filtering algorithm flow

V. IMPLEMENTATION

Raw data was acquired using airspeed sensor of Pixhawk
flight controller with APM Plane firmware [8]. The airspeed
sensor was placed on a manned ground vehicle which then
moved at a constant speed. Raw data from internal log was
extracted and processed using spreadsheet to simulate the filter
algorithm. The coefficients of the filter used in this case was
0.1, 0.1, and -0.8 for b 0, b 1, and a_1 respectively. For
reference, the ground speed data from GPS is included in graph.

After satisfied with simulation result, the algorithm was
implemented to APM Plane source code. The existing airspeed
sensor processing code was replaced with this algorithm.
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Figure 2 Simulation result using spreadsheet

VI. TESTS AND RESULTS

The filter algorithm was tested using the same method as
acquiring raw data. Then, the result was compared with ground
speed data as reference.
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Figure 3 Before adding filter, groundspeed (green) and airspeed
(red)
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Figure 4 After adding filter, groundspeed (green) and airspeed
(red)
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Fig. 5 In flight filter test

Figure 3 and Figure 4 show the airspeed (red) compared to
groundspeed (green), before and after adding filter. There is
noticeable difference between those figures. Before adding the
filter, the airspeed seems noisy, and after filtering, the noise has
been reduced.



The algorithm was also tested in flight using FX-61 flying
wing. When flying in auto mode, the motor of the UAV sounds
more stable as the autopilot automatically adjust the motor
power depends on the airspeed.

VII. CONCLUDING REMARKS

The filter for airspeed sensor has been designed and
implemented to reduce noise in airspeed readings. This filter
also has been tested in flight and gives better performance
especially when in autonomous flight. From flight data record,
the airspeed data show less noise with this algorithm. One of
our future work is to implement the filter into the control
system design of our hybrid VTOL UAV.
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