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Abstract—The article is devoted to algorithms development of piloting with enhanced safety for micro-
UAV. The critical situations arising during the flight, typical failure of the electrical equipment of the
ground station communication from the unmanned aerial vehicle and the radio equipment of the un-
manned aerial vehicle are taked into account. Also, the synthesis of the unmanned aerial vehicle emer-
gency landing algorithm is held. The technical realization of the emergency landing algorithm is realized
on the basis of micro-UAV PD-1900. Beside, the safety enhancement algorithm of the micro-uav piloting

is developed.

Index Terms—Algorithms piloting; micro-UAV PD-1900; typical failures; emergency landing; manual

control system.
I. INTRODUCTION

The emergence of a critical situation during the
flight, and most importantly, wrong response from
the pilot side, can lead to an aviation event. This, in
turn, generates four problems.

1) The task left unfulfilled.

2) The reason for the incident is unclear.

3) The unmanned aerial vehicle (UAV) itself
lost.

4) Damage caused by an accident UAV.

Problems 2 and 3 do not have serious conse-
quences — these are just technical issues. However,
issues 1 and 4 are essential because they are a prob-
lem for the customer and people or even the envi-
ronment.

In order to prevent such a large number of prob-
lems, it is enough to minimize the pilot's mistakes,
prevent the emergence of emergency situations and
control the flight at any given time. Therefore, the
question arose in improving the safety of piloting.

Thanks to well-built piloting algorithms that take
into account the maximum number of negative fac-
tors and events that may occur, the piloting process
can be brought to a new level. The software emer-
gency response with minimizing an external pilot
(EP) intervention in the piloting process, as well as a
set of measures to reduce technical failures, improve
the current measures to increase the safety of the
UAYV and significantly reduce the number of avia-
tion events.

The development of a fundamentally new algo-
rithm for emergency landing of UAVs, which can be
carried out even if the telemetry signal is specific,
can significantly improve the safety of piloting. And
the combination of the algorithm and the complex
before the flight checks can reduce the likelihood of
failure of the technical nature.

II. PROBLEM STATEMENT

For each UAV there is a unique bounce list that
varies greatly among them, therefore, the following
failures are typical of the PD-1900 used in the
UAV [1]:

— electrical equipment (due to electric shock or
battery discharge);

— radio equipment (high level of interference,
closure, loss of signal);

— servo drives control (ailerons, elevator, and
ruder);

— damage to external contours;

— faulty control panel;

— invalid route task;

— weather conditions (precipitation, wind more
than 10 m/s).

Due to the presence of a sufficient number of typ-
ical failures on the micro-UAV, the task is to reduce
critical situations during the flight, minimize the
impact of the pilot's mistake on the management
process and on the refusals, as well as prolong the
life of the UAV.

III. PROBLEM SOLUTION

Most aviation events involving the UAV occur
due to the fault of an external pilot, but there are
other factors. Flihgt safety is influenced by four
main factors:

1) human (EP error);

2) equipment (technical failure of the UAV);

3) weather conditions;

4) random external factor.

Since it is not possible to track and predict an ac-
cidental external factor during a flight, but three
other factors can be prevented.

The human factor can be the lack of flight prac-
tice, the physical condition of the EP, knowledge
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and skills to respond to critical situations, launch and
landing errors, and so on.

The equipment factor includes the lack of com-
pleteness of components and parts of the UAV, the
performance of individual parts of the UAV and the
ground station, lack of technical inspection and
planned repairs, and so on.

Weather conditions play an important role in the
safety of piloting, and it is precisely because of non-
compliance with the operating standards of the
UAYV, abrupt changes, complications of meteorolog-
ical conditions, aviation events occur.

According to a study conducted by the Aviation
Week & Space Technology [2], about 76% of avia-
tion events in the UAV occur due to mistakes made
during the flight preparation process, and they have
led to critical airborne effects. Therefore, due to the
factors of danger, it is expedient to give considerable
attention to the political tests.

The external pilot follows the following criteria:

1) Ability to launch control system and their
warming during the pre-flight training and identify
their malfunctions that arise during this period.

2) Perform UAYV take off depending on the con-
ditions of the base, the atmosphere, the power of the
aircraft and other factors.

3) The EP the UAV on the route or in the aero-
drome zone in accordance with the set task.

4) To carry out UAV landing depending on the
conditions of the base, the atmosphere and characte-
ristics of the concrete UAV sample.

5) Adequately respond to abnormal situations
that arise during take-off, flight in or on the route,
and during landing.

6) To be able to carry out an emergency landing
with minimal losses of the MF and with minimal
danger to the environment, buildings and people.

7) Build a flight task, set route parameters de-
pending on weather conditions and takeoff.

8) Select the correct take-off and landing point if
the flight is outside the aerodrome.

9) The physical condition of the EP must meet
the standards.

The complete equipment of the UAV PD-1900
consists of a ground station and UAV, which are
allocated the following criteria:

1) Availability of all components and nodes.

2) All mechanisms must be capable of operation
and secured.

3) The software should be the latest version, both
in the ground station and in the UAV.

4) The batteries of the aircraft, remote control,
and ground station must be fully charged.

5) Presence of repair kit with all necessary spare
parts and consumables for flight.

Weather conditions play a key role in aviation,
which is why it all depends on its success or vice
versa failure of the flight. Like all other criteria,
special attention is given to meteorological condi-
tions, since it is necessary to take into account not
only its fluid state at the take-off point, but also to
know the weather conditions for the entire flight
time and in all areas of UAV flight. Taking into
account the design features, the technical characte-
ristics of the UAV PD-1900 weather conditions must
meet the following criteria:

1) The wind force shall not exceed 10 m/s.

2) Visibility should be at least 300 m.

3) No precipitation, except dry snow.

Separately, the take-off and landing site of the
UAYV should be distinguished if the flight takes place
outside the air force. According to [2], approximately
71% of aviation events occur precisely during take-
off or landing of UAVs. That is, the right choice for
take-off and landing gives the outside EP more op-
portunities for precise take-off and landing, time to
make a decision in the event of a critical situation,
the possibility of an additional boarding range, main-
tenance of the serviceability and integrity of the
UAV, better opportunities. Taking into account the
technical characteristics and design features of the
UAYV PD-1900 to the take-off and landing site, the
following conditions are taken into account:

1) The surface within a radius of 30 m should be
even and clean from foreign objects and plants
(trees, shrubs, power lines, etc.).

2) The take-off and landing site must be located
within the radius of the ground station, preferably
away from the objects that may affect the signal.

3) If the flight will be conducted near airports,
security facilities, etc., departure should be agreed
with the management.

Consequently, compliance with these prior to
flight checks is an integral part of the safety im-
provement algorithm. The consistency and correct-
ness of these actions is the basis for a successful
flight.

IV. EMERGENCY LANDING ALGORITHM

An external pilot is responsible for the safety of
the flight, people or property that may suffer in front
of the customer: for the failure of the task, the dam-
age caused by the aircraft event, and for the equip-
ment that was damaged in the accident. The EP must
have the knowledge and skills that will help them to
make the right decision quickly and correctly in a
critical situation.

But the exceptions are the events from which the
EP's actions will not flush the result. In the class of
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the micro-UAYV, such events can include flights at
low altitudes (up to 50 m), the event is discarded for
1-3 s, the disappearance of the telemetry signal at
the ground station during flights outside the UAV's
view, because the signal delay lasts 1-8 s, which for
making decision is critical.

The usual procedure for improving the safety of
piloting the micro-class UAVs operating on Ardu
Pilot controllers is to turn on the "return home"
mode when emergencies occur. This mode allows
you to return the UAV to the take-off point at the
height that it is pre-assigned. From my own expe-
rience, I can say that this mode allows you to solve
an emergency situation that concerns only the disap-
pearance of the telemetry signal. This method is not
effective in terms of weather conditions, low battery
discharge; long distance from the take-off point,
signal interception, and situations where decision-
making is a short time.

Considering specific typical situations, one can
distinguish such algorithms for decision-making.

When the telemetry signal is lost (Fig. 1):

l.a At an instantaneous loss of the signal —1 it is
necessary to send antenna on the UAV — 2. When
the signal appears, transfer the flight to automatic
mode or landing — 6.

2.b If it does not lead to a signal or the loss of a
signal more than 8 seconds, you will need to turn on
the "Return home" mode on the remote control or
the base station — 3. When the signal appears, trans-
fer the flight to automatic mode or landing — 7.

3.c If this action does not lead to the appearance
of a telemetry signal, it is necessary to go to the
UAYV meeting — 4, before the signal or visual control
from the UAV. When the signal appears, transfer the
flight to automatic mode or landing — 8.

4.d If these measures did not lead to the appear-
ance of a telemetry signal, then we can assume that
there was an aviation event —5.

Fig. 1. Flight algorithm with the disappearance
of the telemetry signal

In the case of a sharp disappearance of the tele-
metry signal, it is necessary:

l.e You need to turn on the "Return home"
mode on the remote control. Make landing imme-
diately, at the onset of visual control.

2.f If this action did not lead to the elimination
of the critical situation, then it is necessary to go to
the UAV and at appearance visual control with it to
make landing.

3.g If these measures did not lead to the elimina-
tion of the critical situation, then we can assume that
there was an aviation event.

By analogy, in the event of a technical malfunc-
tion during the flight, which allows piloting of the
UAYV, it is necessary:

1.A You need to turn on the "Return home"
mode on the remote control. To make landing im-
mediately, at the onset of visual control.

2.1 If this action did not lead to the elimination
of the critical situation, it is necessary to transfer the
UAYV using the control switches to the "Stabilized
flight" mode, and to try to land.

3j If the "Stabilized Flight" mode does not re-
sult in the control of the UAV, then it is necessary to
transfer it with the help of the toggle switches or the
control ground station into "Manual Flight" mode
and try to land.

4.k If the "Manual Flight" mode does not result
in the control of the UAYV, then it can be assumed
that there was an aviation event.

So, when aggregation of telemetry faults, deteri-
oration of weather conditions or technical malfunc-
tions it is necessary:

1) You need to execute actions 1.e, 2.7, and later
3.

2) In a result we can receive 4.k.

Considering such algorithms for responding to
critical situations when piloting a micro UAV with
an ArduPilot autopilot, the need appeared to create a
new flight security algorithm that would more likely
to reject such events.

The algorithm of critical landing are actions
aimed at increasing the probability of a successful
landing, increasing the level of piloting safety, at
which, at the moment of a critical situation, the
UAY, in the place where the incident occurred, falls
to a safe altitude and automatically makes landing
irrespective of the direction of the wind. The reduc-
tion takes place in a spiral, which in turn allows the
EP to take a subsequent decision or to land a landing
independently of the telemetry signal and weather
conditions during the time of reduction.

This algorithm begins with the autopilot setting
mode and synchronization the channels of the con-
sole and the ground station. In the autopilot set-up,
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the “Loiter (Hovering)” function is selected and the
permissible lower altitude is shown, based on the
trajectory location. This is done so that the UAV at
falling down does not collide with foreign objects on
its way.

Such a permissible height is the highest point in
the flight zone with an additional stock of 10—15 m,
depending on the accuracy and error of the UAV
altimeter. After lowering the UAV to the given
point, whirling around it, the radius of decrease and
turning is selected based on the technical characte-
ristics of the UAV so as to prevent overload during
the downward and circling.

This mode allows you to solve typical critical sit-
uations, when it is not possible to control the UAV
flight, to quickly respond and to land the UAV with-
out the participation of the EP. In addition, the EP at
any moment can intercept the control of the UAV
into one's hands. After this stage, the EP can inde-
pendently decide on the further continuation of the
flight. If no decision can be taken, based on the criti-
cality of the situation or the state of the UAV, the
next step of the emergency landing is performed.

With the help of autopilot settings, the mode on
the control panel or on the ground station "Stabiliza-
tion Flight" is switched on, at which the altitude is
reduced, not exceeding the permissible an angle of
attack and given speed of the UAV. The approach
angle and approach speed are chosen solely from the
technical characteristics of the UAV used in such a
way that there is no overload greater 1.The algo-
rithm of critical landing is presented in Fig. 2.

Descent . .
Begin on safe Going Pitch- End
. round down
height

Fig. 2. Emergency landing algorithm

Since the emergency landing consists of a
process of descent and stand-alone landing, each of
these components can be used separately as a tool to
overcome critical situations.

When using this sequence of actions (see Fig. 2),
it is necessary to activate the circling mode in ad-
vance of the critical height, not less than 30 m.

Another case of using a possible application is
only the dive (pitch-down) function until the plant-
ing itself. The reasonability of this measure is possi-
ble in the event of a critical situation, over large
settlements, when the battery is discharged above
the terrain where it is not possible to land or the
surface is not intended for landing.

With regard to UAV PD-1900, then the approach
angle for it should not exceed 15 degrees, and the
approach speed is up to 8 m/s. These figures are

based on the technical characteristics of the UAV
and are experimentally confirmed.

This algorithm of emergency landing can be used
on different designs of UAV aircraft type, working
on autopilot ArduPilot or derivatives from it. For
using this algorithm on other types of autopilots, it is
necessary only the presence of the regimes "Stabili-
zation Flight" and "Loiter".

The landing algorithm is consisted of main three
parts: descent to safe height, hovering and landing.
The process of reducing and freezing is configured
as follows. First, you must adjust the height reduc-
tion mode. The tuning of autopilot control is ex-
ecuted in the Mission Planner program.

It is necessary to set set the third additional flight
control channel "Loiter" in the Con fig / Tunning
tab, under Flight Modes (Fig. 3).
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Advanced Params
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Planner

Fig. 3. Setting the "Loiter" mode

This mode allows you to hold the position make
circles about the point where it was applied. With the
GPS receiver the point, in which the “Loiter” mode
was used, is held in the controller's memory. In this
mode, there is also complete stabilization of the flight.
Permissible wind, at which it is possible to hold this
point without displacement is equal to 10 m/s.

The radius of rotation is given as follows. You
need to set "Waipoint Loiter Radius" parameter
(WP_Loiter_Rad) in the Configuration / Tunning tab
in the Standard Params section. As folows from the
experimental research, the optimum radius of rota-
tion is approximately 80 m. Next step is to set the
height of the hovering. It is necessary to set the val-
ue of Loiter U to 30 m in the Flight Data tab, the
"Actions" section. This height is chosen depending
on where the flights are conducted now. The height
is chosen so that on the way of its circles the UAV
did not come across an obstacle. In this case, the
height of 30 meters totally corresponds to this.

Now, after turning on the "Loiter" mode, the
UAV from the given altitude will desent to the
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height of the hover. Experimentally it was deter-
mined that the reduction speed is 0.7 m/s for UAV
PD-1900. This indicator may vary depending on the
wind speed.

The process of autonomous landing is configured
as follows. It is necessary in the Flight Modes, the
section "Config / Tunning", on the fifth additional
channel to set the “Cruises" mode. This flight mode
allows you to perform a stabilization flight, but with
pre-defined settings for the flight speed and pitch
angle.

Next you need to adjust the speed and pitch an-
gle. In the Config / Tuning tab, the Standard Params
section,it's necessary adjust the Mount title / pitch,
when retracted position (MNT retract Y) parameter,
to set the angle of 10 degrees. Namely, the pitch
angle 10-15 degrees is optimal for the UAV PD-
1900 at landing. In order to ensure the optimal ap-
proach speed, you must do the following: adjust the
Maximum Airspeed and Minimum airspeed in the
Standard Params section, the Config/Tunning tab.

Let's set indicators 7 and 6, respectively. This pa-
rameter will allow us to fix the approach speed from
6 to 7 meters per second, which is recommended for
the UAV PD-1900. If the speed parameters relative
to the ground are lower than the wind speed or 40%
higher, then the Autotune level (Autotune level)
adjusts the speed relative to the ground to 5 m/s.

This function is intended to avoid landing at a
very high speed (greater than 10m/s) or low (less
than 5m/s), when landing downwind, upwind or
perpendicular to wind.

V. FLIGHT SAFETY ALGORITHM OF MICRO-UAVS

One of main tasks of UAV PD-1900 is to scan
the surface. A feature of the scanning process is the
flight over the points given in the form of a zigzag,
during which aerial photography takes place (Fig. 4).

To get the desired level of photo overlays, the
points are set in this way. Scanning is often done for
relatively large areas, for example, near 200 hec-
tares. This suggests that the plane has to pass a fairly
large route, about 60 km per flight on one accumula-
tor, which for a UAV of such a class is significant.

In addition, depending on the weather conditions,
the battery charge can reach critical levels — 11.2 V,
so it can be one of the factors that affect the safety of
piloting.

In the Figure 4 is shown neighbourhood of Ta-
shan village, Kyiv region, Pereyaslav-Khmelnitsky
district. The survey area is 250 hectares. At moment
of work the wind was from northwest, so the route
was built perpendicular to the wind and the swive-
lings of the UAV were served against the wind.

L
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Fig. 4. The PD-1900 UAYV Route task for surface scaning

Taking into account such tasks, below is con-
structed a safety enhancement algorithm of piloting.

First, it is necessary to execute pre-flight check-
ing (Fig. 5). After passing pre-flight checkings, be-
ing sure of the weather conditions and the take off
place, by constructing the flight task, you can pro-
ceed to the next stages: the UAV launching and a
flying through the route points.

2
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Fig. 5. Pre-flight checking algorithm

This algorithm was designed such a way as to
maximally anticipate possible critical situations.

During critical situations in which it is impossi-
ble to observe the telemetry of the UAV, at moment,
when it is necessary to react quickly to the event, the
given algorithm will allow lowering it to a safe alti-
tude and provide landing without the participation of
an external pilot (Fig. 6).

Consider each of the blocks of the algorithm.

Block 1 is the start of algorithm work, namely,
i.e. completion of the pre-flight checking.
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Block 2 is the launch of the UAV, which is per-
formed from a hand or with help by a catapult. If the
startup is in normal mode, then is executed Block 3.

However, during the launch, the following criti-
cal situations are possible, such as drawdown of
height at launch, the failure of the electronics of the
UAV.

Block 5 corresponds to the process of eliminating
failures. In this case next actions can be taken by the
external pilot:

Fig. 6. The PD-1900 safety improvement algorithm

1) Transfer the UAV to manual flight mode with
subsequent withdrawal to the working height.

2) Switch off the engine during take-off. Next,
the UAV is restarted.

If the problem is not solved, than is executed
Block 6.

Block 3 is a performance of regular flight. In our
case, it is aerial photo shooting of the village. If it
passes normally, then is executed the next phase.
During the flight, the following critical situations
may occur:

1) the disappearance of the telemetry signal;

2) changes in weather conditions that do not
comply with the norms of the UAV operation;

3) the appearance of technical malfunctions in
the process of performing the task;

4) set of series negative factors.

Block 7 is a process of troubleshooting. If stan-
dard algorithms reaction do not lead to an exit from
a critical situation, an emergency landing should be
used (Block 8).

Block 4 is the regular UAV landing after com-
pleting the flight route. During landing the following
critical situations are possible:

1) changes in weather conditions that do not
comply with the norms of the UAV operation;

2) the appearance of technical malfunctions in
the process of landing;

3) set of negative factors;

4) high speed at landing;

5) rough landing.

To prevent high-speed landing, it is necessary to
control the pitch angle so that its value does not
below minus 15 degrees. In order to prevent a rough
landing, it is necessary to control the approach speed
and the chosen point of landing must be equal and
without foreign objects, becouse it could cause dam-
age to the equipment. If a critical situation is not
eliminated the EP must make a decision on emer-
gency landing (block 10). Block 11 is the end of
algorithm work.

VI. CONCLUSION

In the paper algorithms for responding to critical
situations that arise during the flight are constructed.

The technical realization of the emergency land-
ing algorithm is realized on the basis of micro-UAV
PD-1900. Beside, the algorithm for improving the
safety of the PD-1900 flight piloting has been devel-
oped. This algorithm may be useful for other types
of micro-UAV.
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