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Abstract: Micro Air Vehicles(MAV) are characterized by their small sizes,low powers and load abili-
ty,so it is difficult to obtain the full state measurements in real time and short of a full control degree.
In order to solve the problems of autonomous fight control and stability, this paper presents a guidance
algorithm for the relative miniature GPS-based navigation system of an electrically MAV. One stand-
ard geometric method for solving autonomous flight is adopted to derive a class of algorithm based on
the heading angle error and yawing distance error and the MEMS sensors are used to design a flight
control system. Simulation and practical experiments show that the guidance algorithm used in the
MAVs is effective with different PID controlling parameters, which can obtain a yawing distance error
less than 30 m. The TH680 equipped with the GPS-based autonomous flight control system loading
the designed geometric algorithms has been successfully tested in a flight, and the yawing distance er-
ror is less than 30 m in a 2 level wind.
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1 Introduction

Micro Aerial Vechides (MAVs) are very
practically aircraft in the field of surveillance and
reconnoissance for military and civilian applica-
tions. Their instability, difficulty of guidance
and relative control compared to an Unmanned
Air Vehicle(UAV) and normal missiles due to
their small scales, less flight speeds, less ser-
vos, less carrying weights, less power and so on
renders them to be operated only by a strong pi-
lot. AeroVironment Inc has developed and op-
timized a Black Widow MAV, which carries one
color camera in MAVs and a RC remoter for the
pilot on the ground to guide the operation of the
vehicle. Lockheed Sanders Group* developed a
MAYV named MicroSTAR with a 5g GPS-naviga-
tion system for control by ground station, devel-
oping the digital video transmitter within 2 km.

The decreasing vehicle size and increasing
functional complexity of MAVs have generated a
challenging variety. These challenging research
topics in MAVs design fall into many catego-
ries?™ . In this paper, the field of stability and
autonomous flight control is presented especial-
ly. Guidance algorithm and relative control
process are very different from UAVs and nor-
mal missiles because of less scales, less servos,
less power and the lack of carrying weight.
Many researches on stability and autonomous
flight control have been developing™*.

Many guidance algorithms for UAVs and
missiles are derived from physical information,
for example kinematics and their relative vari-
ants derived from mathematic techniques. Re-
cent Trends in guidance design could be classi-
fied into two main approaches, optimization the-

L B3] Guidance al-

oriest’”! and geometric methods
gorithm takes the optimization theory to mini-
mize some specific objectives, such as trace
routes and trace time. Although theoretically

appealing, the guidance algorithms in practice

are often difficult to implement in MAVs be-
cause of difficulty to obtain the full state meas-
urements in real time and lack of full control de-
gree.

In order to solve the problem of autonomous
flight control and stability, design of guidance
algorithm based on geometric theory is proposed
with efforts and experiments, and the mini-GPS
based autonomous flight control system™ is im-
plemented and tested by TH680. In contrast to
UAVs and normal missiles, the MAV guidance
algorithm and relative control methods are obvi-
ously very different from the normal missile and
UAVs because of the constraints of target
MAYV, such as no rudders, less weights, less

scales, less carrying weight capacity and insta-

bility.

2  Geometric guidance algorithm

heuristics and relative control

The aircraft developed for use in this re-
search has wingspans from 60. 96 to 12. 7 cm.
For initial flight tests a 53. 34 cm MAV, the lat-
est research is shown in Fig. 1. Because of high-
est payload capacity, the 53 cm (21 in) plane is
capable of carrying 120 g in addition to its prima-
ry flight systems including servos, a motor, re-
ceiver, and batteries. Using a standard configu

ration , the MAV equipped with a color and

Fig. 1 Initial flight tests by using MAV with wing-

span 53 cm(21 in)
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transmitter is capable of sustained flight for up
to 50 min. This flight time is essential for close-
range surveillance missions. With the practical
application, the ARC is used in MAV with
wingspan 30. 48 cm. Without rudders, the ARC
utilized the geometric algorithm could navigate
and guide MAV with flap and elevator steadily.

In finishing stability control of 30. 48 cm
and 53. 34 cm, autonomous flight control is be-
ing focused on. The trace of mission for MAV
consists of several trace points. As shown in
Fig. 2, the predicted route is consists of several
trace points. The main processor will store the
geographic coordinate and decide which next
trace point is according to the MAV position.
What is more important, the predicted trace and
points are generated by real mission and opti-
mized route. ARC could control autonomously

from trace point 1 to 5, which shown in Fig. 2.

Theoretic 2

Set trace
route with:
optimization

Fig. 2 Predicted Trace Curve and real flight route

In this paper, our main objective is to de-
sign the guidance algorithm valid for any initial
trace, as shown in Fig. 2, the desired trace is
composed of several trace point, No. 1, No. 2
and No. 5. Using a valid navigation reference
frame, the kinematic equations for the aim are as
follows with the proportion coefficient.

As the Fig. 3 showns, y= ¢+ . according
to coordinate relationship, regulated value of az-
imuth angle is described as ¢ =y, —f., where y.
is theoretic trace angle of route, ¢, is the theo-
retic azimuth angle,f, is the wind sliding angle
with the affect of constant wind, d is the yawing
distance.

From geometric theory to guarantee MAV
flight along the theoretic and designed trace, the

control target model in this paper with the geo-

Theoretic trace angle

Fig. 3 Relationship of flight angles in trace navigation

metric theory has the form, which shown as fol-

lows:
Ay=0, (D
Where could make the right flight direction:
d=0. (2)

Where could make the right desired trace
for MAV flight.

Here Sign + is assumed that flies right-
wards to designed trace, that means d>>0, and if
MAV is turned left, than means Ay>>0, so the
relationship of the warp which described as navi-
gating deviation could be written as:

u =Ky Ay—Kud (3

Where the absolute value of K, Ay and K,d
would be limited. And the relationship between
d and Ay could be obtained:

d=ViAy » D

The Inerratic Turn is the base of the hori-
zontal navigation, where the aileron is the main
controlling channel and elevator is the slave con-
trolling channel. In this paper, the aileron is
used to modify the trace through the navigating
deviation.

The control equation of the aileron de-
scribed as 8, can be defined as follow that based
on the PID control method"*" .

0. = Kyu (k) + K (u (k) —

k
w (k— 1) +K; > u (i) (5)
i=0

Where the coefficients expressed by K, , K,
K, are the gain of proportion, difference and in-

tegral process,respectively.
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3 Simulation and experimental re-

sults

In terms of several yaw rate, simulation test
has been implemented based on the geometric al-
gorithm, which makes a theoretical trace from
initial point coordinate (0,0,50) to (100,1 000,
50). Wind level is below 2-Class, and flight ve-
locity is 10 m/s. the initial flight trace angle and
azimuth angle is respective 0 and 180 degree,

and control frequency is 25 Hz. (Fig. 4)
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Fig. 4 Several flight traces and yaw distances in dif-

ferent control rates
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