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Summary. Planning a flight task by a remote pilot is a very important stage in the process
of preparing a flight of an unmanned aerial vehicle. The smallest mistakes made at the same time can
lead to irreparable consequences for both the UAV and others. The number of remote pilot errors can be
reduced by reducing the speed of flight task planning. However, in actual operation, this can slow down
flight preparation and, as a result, reduce the efficiency of the process as a whole. Among other things,
the speed of flight planning is influenced by the user interface itself, which is a means of communication
between the remote pilot and the machine — the on-board flight controller It is known that human-machine
communication interfaces are very diverse, but in general they should contribute to the smooth and
error-free entry of the input information into the memory of the machine (flight controller), which will later
serve as a guide for the machine in its actions. At the same time, there is insufficient evidence to apply
quantitative interface assessments (assessments of means, rules and methods and techniques) to already
known flight controllers.

The paper presents the results of the analysis and research of the user interfaces of two flight
controllers according to the criteria of ease of data entry during planning, the total number of operations
during the planning of all flight stages, and the amount of work performed within each operation, as well as
the level of visualization (display) of information on the monitor of the ground control station of the
unmanned aerial vehicle. Relative weighting factors based on rating methods were applied to each of the
mentioned criteria. After taking into account the results of the evaluation, the ratings of such dispatchers as
Pixhawk and Veronte were established.

Key words: remote pilot; speed and quality of flight task planning; flight controller interfaces; ground
control station;, main screen; controller operating modes; interface evaluation criteria; weight coefficients of the
i-th criterion.
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Accepted termsand abbreviations:FC — flight controller; UAV — unmanned aerial
vehicle; TP — turning point of the route; LSW — a line of the set way; SFT— software;
PC — personal computer; RN — runway; MS — main screen; RP — remote pilot; GCS — ground
control station.

Introduction.When planning a flight task, the RP encounters objective and subjective
difficulties that reduce the speed of task planning or lead to errors.

The objective ones include the ambiguous statement of the flight task by the
customer; insufficient awareness of the crew about the weather conditions on the route;
poor location of the ground control station; delays in the initialization of existing
digital communication lines and the corresponding difficulties in transferring the flight
task (repeated manipulations are required to download the task) and other objective
reasons.
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Subjective difficulties may be insufficient qualification of the RP and the unsatisfactory
state of his health, unacceptable current cartographic support, unforeseen system failures in the
ground control computer, etc. [1].

The purpose of the work and the task. The aim of the work is to establish the
dependence of the speed and quality of flight task planning on simplicity, as well as the
availability of using the interfaces of different flight controllers.

Solution of problem. For the correctness of the study, the comparison of the
accessibility and ease of use of interfaces was carried out under the condition that there is
a complete current cartographic support, the full technical readiness of the unmanned aerial
vehicle to perform the task, approximately the same qualifications of remote pilots and with
the same type of flight task.

The criteria for evaluating the interfaces were taken as follows:

— convenience of entering data for planning;

— total number of operations during planning;

— the amount of work performed within each operation;

— level of visualization (display) of information on the monitor.

The first to be compared was the interface of the well-known ground control station
«Mission Plannery», which is used for widespread FCs such as «APM» and «Ardupilot
Pixhawk» of various modifications [2].

These FCs are open source, which gives the community ample opportunity to modify
the firmware [3].The second example for comparison was the interface of the ground control
station for FC type «Veronte Autopilot» [4]. The «Veronte» flight controller differs from
the previous ones in that it has closed code, ie the built-in software can be changed only by
the manufacturer (except for the options that are responsible for the current settings required
by the user).

Flight planning using the Mission Planner interface. The «Mission Planner»
flight planning and control station is a software and hardware complex consisting of
a PC and downloaded «Mission Planner» software of the required versions. Visualization
of the current parameters of the UAV (Fig. 1) takes place on one monitor screen, called
the MS.
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Figure 1. General view of the main screen of the station «Mission Planner» (window «Flight datay):
1 — aviahorizon zone; 2 — window of flight parameters;
3 —flight card; 4 — «Menu» panel

In two cases studied, automatic take-off planning, cruising flight and automatic
landing planning were analyzed.

Planning of automatic flight of UAV by means of station «Mission Planner» occurs
as follows. Automatic takeoff is implemented by entering the values of specific parameters
(Fig. 2), visualized by the list [5]:
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TKOFF_ACCEL CNT

THKOFF_ALT

TKOFF_DIST
TKOFF_FLAP_PCNT

TKOFF_LVL_ALT

TKOFF_TIMEOUT

Figure 2. List of parameters to be filled in for automatic take-off planning

Next you need to determine the coordinates of the base (the position of the ground
control station); for the first route point the point marked «TKOFF» is chosen [6].
Creating a flight task for cruising mode with the help of the station «Mission Planner»
is divided into several steps. To implement step Ne 1 you need:
- assign the 1st TP(turning point of the route) near the point with the coordinates of the GCS;
- inthe command selection window for the selected 1st TP, select the « TKOFF» property
via the Waipoint list (Fig. 3).

Figure 3. Drawing up a flight plan (step No. 1): 1 — point of the first TP;
2 — drop-down menu of TP parameters for design; «Home» — route point «base»

The second step (step Ne 2) requires:

— to assign to the 1st TP the parameter of the set pitch angle for take-off, and also to
assign to the parameter «Alt» the height to which the UAV should rise before the start of
movement on the TP Ne 2;

— assign the following TP, which are necessary for the implementation of the flight (Fig. 4).

Figure 4. Drawing up a flight plan (step No. 2) for assigning the necessary intermediate waypoints:
1 — height setting for TP 2; 2 — turning points of the route TP3 — TP5
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To perform automatic landing, you must fill in the list of parameters presented in Fig. 5.

LAND_ABORT_DEG 0

LAND_FLAP_PERCNT
LAND_FLARE_ALT

LAND_FLARE_SEC

LAND_P!

LAND_PF_ARSPD

LAND_PF_SEC

LAND_THEN_MEUTRL 0
LAND_THR_SLEW

LAND_TYPE

LEVEL_ROLL_LIMIT

Figure 5. List of parameters to be filled in for automatic landing planning

The third stage is the adjustment of the flight task, which is performed as follows:

— the correctness of the entered data is checked for each TP, especially in cases of
different heights and complex lines (broken, circular, elliptical, etc.);

— the absence of a preliminary flight plan in the flight controller is checked (the «Clear
task» is performed);

— after the complete introduction of the flight task and its approval, it is necessary to execute
«Save the WP file». To load a flight task on board the UAV, you must click «Save TP» (Fig. 6).

Figure 6. Drawing up a flight plan (step Ne 3): 1 — menu for loading and recording a flight task on board

The onboard FC has «manualy, «semi-automatic» and «automatic» operating modes.
Accordingly, the next step is to set the GCS «Mission Planner» mode «automatic» (Fig. 7).

| Quick | Aedicrens | Cratyc | Servo | Noruenemerpu | DataFlash Logs | Bl 14

o B gk

- o B Il
L. B+ CE3

Figure 7. «Actions» window: 1 — button to set the required control mode
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In the process of planning a flight task in automatic mode using the software
«Mission Planner», the total number of required keystrokes on the keyboard (mouse) is
about 40 times.

Flight planning using the «Veronte Autopilot» station interface. The flight plan
is formed in the menu «Missiony; it is necessary to choose the onboard FC in order to keep
the plan on board the UAV(Fig. 8).

Figure 8. «Veronte» onboard FC selection menu

Then you need to open the menu to create a flight plan for a particular aircraft; in Fig. 9
shows the tool for its creation [7].

Figure 9. Tools for creating a flight plan in the onboard FC «Veronte Air»

The takeoff of the aircraft consists of several stages and is planned in the menu
«Takeoft» (Fig. 10).
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Veronte | Connections | Devices | Control | Navigation | Automation | Variables | Panel | HIL
¥ Phases Guidance | Loop | Arcade | TC Pannel
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Landing +
Flare x
Standby
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Figure 10. Menu for creating a takeoff plan
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Stage Ne 1 — takeoff (Fig. 11) begins with planning to control the engine to exit idling
at maximum speed, i.e. at maximum thrust during takeoft.
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Modes
I | |
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Figure 11. Basic commands for planning the engine operation mode during takeoff run

To plan the rise (Fig. 12) you need to open the tab «Climbing»: planning is to assign
values to the following parameters:

- Line attraction — creating a lifting line;

Set limit acceleration — setting the limit acceleration;

Set speed — speed setting;

Route — choose the direction of travel on the route;
Flight-path angle — setting the angle of the rise trajectory.

SAIEE #] mmevr X

Veronte | Connections | Devices | Control | Navigation | Automation | Variables | Panel | HIL

v Phases Guidance | Loop | Arcade | TC Pannel

Takeoff
Climbing

Waypoints Climbing

e o e

New Pha: Deceleration |7}
/ Setspeed

Gy (T

V] Route

Flight-path angle 017453 rad [mn]|  Distance (2000 n
Radivs 500 m]  Senseof arcs @ Clockwise
Altude 700 & Couerclocimsq

Figure 12. Parameters programmable for the implementation of automatic control of aircraft lift

If necessary, to complete the lifting phase programming, you can additionally set the
radius of the trajectory of the circle performed by the aircraft after takeoff and the distance from
the end of the ascent to the beginning of the circular trajectory, as well as the height to be
reached during takeoff.

To create a waypoint — TP, you need to open the tool «newwaipoint» (Fig. 13).
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Figure 13. Toolbar to create a new point
To manually change the coordinates of the points, you must double-click on the point;
the display for entering parameters will appear (Fig. 14).

®) Absalute

Latitude

0.66795915

Longitude | -0.010381334

WGS84 225.3578643796828 7

Mst [17497960231705142

AGL | 119.97969231705142

T o

Figure 14. Method of creating a new point (turning point of the route)

To move the obtained route points you just need to «drag» them with the cursor. Planning
and implementation of automatic landing requires opening the appropriate tab (Fig.15).

vmm:mcmﬂwmnm]vm lellHlL
¥ Phases Guidance | Loop | Arcade | TC Pannel

e
Climbing i)

Flight-path angle 013962634 rad -1
Horizontal distance for descending | 2750 m
Radius of head turn 800 m
Radius of helix 1000

m
1) Use dimbina initial Touch point

(] Use ciimbing headina

Figure 15. Bookmark «automatic landing»
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Due to the fact that the approach to the runway of a particular airport may require
additional maneuvering, the software contains the appropriate tools. Figure 16 shows the use
of'the following additional commands: «Spiral radius» — spiral radius; «Radial turn of the head»
and «loiter rejecting» — waiting on the descent.

Figure 16. Tools for additional maneuvering of the UAV before its arrival on the runway

Criteria for evaluating interfaces. Among other criteria for evaluating the user
interfaces of different flight controllers for UAV, this paper uses the criteria of ease of data
entry for planning, criteria for the total number of operations and the amount of work
performed within each operation, and the level of visualization (display) of information on
the monitor .

Ease of data entry for planning. Thisparameter characterizes the time
spent searching in the interface of the cell that contains the window for entering data
when planning a flight. It is known that certain interfaces have only the so-called
«drop-down list» of parameters from which to select the necessary. Other interfaces
have specially designed "drop-down windows" in which the parameters that need to be
changed are in a certain order and do not take time to search for them. Accordingly, the
latter will be given preference and the score should be higher. For this criterion, the
weighting factor is 0.5. The grade is set from 1 to 10; more user-friendly interface has a
higher rating.

Total numberof operations. This parameter characterizes the number of clicks on
the manipulator that must be performed to fully plan the flight task. The lower need for
clicks allows you to evaluate the interface of this flight controller and vice versa: with
increasing need for additional clicks, the quality of the interface decreases. The criterion of
the total number of clicks has a weighting factor of 0,3. The total number of transactions is
estimated from 10 to 1; while the greater the number of required operations is assigned a
lower score.

The amount of work performed within each operation. This paragraph refers to the
need for additional work to obtain the final value of a parameter in relation to its inclusion in
the flight plan. For example, finding and entering geographical coordinates requires much more
work than entering the speed of detachment of the aircraft from the runway. The weighting
factor of this criterion is equal to 0,2. Evaluation of the criterion in the range from 4 to 1; an
increase in the volume of a particular transaction leads to a decrease in valuation.

When entering planning data, it is much more convenient to have additional
visualization, which helps to clarify, for example, the position of a particular TP on the
map. In addition, coded commands make it much more difficult for staff to understand their
content. Interfaces with commands that are written in a clear way, such as «Climbingy,
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«radius turny», etc., have a significant advantage. This criterion is assigned a relative
weighting factor of 0,1; evaluation of the criterion in the range from 1 to 4. Thus, the better
visualized interface is assigned a higher score.

In the table. 1 shows the value of the relative weight of the criteria for evaluating the
user interfaces of different flight controllers for UAV.

Table 1

Summary table of the relative weight of the criteria for evaluation

No Parameter name The relativg Weight of the
criterion
1 | Ease of data entry for planning 0,5
2 | Total number of operations 0,2
3 | The amount of work performed within each operation 0,1
4 The level of visualization (display) of information on 0.1
the monitor ’

Estimates were calculated using the direct placement method. It is known that the sum
of the coefficients of all weights must be equal to [8, 9]:

w1k =1, (1

wherek; — are of the coefficients of weightsthe of the i-th criterion.
The specific assessment of the i-th criterion was obtained as follows:

Oi.cr. = ki X an.cr.a (2)

where B,,,, ., — dimensionless numerical value of the i-th criterion.
The input data for the calculation of scores by criteria are given in Table 2.

Table 2

Data for calculating estimates of flight controller interfaces

The name of the controller «Ardupilot «Verqnte The relative
Pixhawk» Autopilot» | weight of the

Parameter name Evaluation by criterion criterion
Ease of data entry for planning 6 10 0,5
Total number of operations 4 8 0,2
The amount of work performed within each ) 4 0.1
operation >
The level of visualization (display) of
. . . 2 4 0,1
information on the monitor

The total score of the specific interface was obtained as follows:

D Oier. = 04y +0pz + 045 + Oy
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In the Table 3 shows the results of calculations of total estimates of criteria for
evaluating the interfaces of different flight controllers.

Table 3

Evaluation results and rating of interfaces of various flight controllers

The name of the controller «Ardupilot Pixhawk» «Veronte Autopilot»
Total valuation 4,2 7.4
Rating 2 1

Conclusions. From the point of view of the content component of the interfaces
of different flight controllers, it can be stated that for planning the flight of unmanned
aerial vehicles in automatic mode, their interfaces are very similar and contain
approximately the same number of input or changed parameters. A significant difference
between them is that some are built on the principle of «drop-down window», ie have
specially designed windows in which the parameters that need to be changed are in «one
window» in a certain order.Others are based on a «drop-down list», where the parameters
are summarized in a list.

The application of the method of rating evaluation of flight controller interfaces
allowed to quantify such criteria as ease of data entry for planning and the total number of
operations in planning, the amount of work within each operation and the level of
visualization (display) of information on the monitor.Based on the generalization of
quantitative characteristics, a rating was obtained, which can be used to subjectively assess
the future speed and quality of flight task planning with one or another interface.

It is established that preference will be given to interfaces with «drop-down
windows», such as «Veronte Autopilot», which requires much less time to find the
parameters that need to be changed.Interfaces with drop-down lists, such as «Ardupilot
Pixhawk», are much simpler to set up, but increasing the speed of flight task planning can
lead to planning errors. In addition, denoting commands in the form of abbreviations, such
as «TKOFFACCELCNT» etc., is likely to lead to additional errors and reduce the speed of
scheduling tasks.
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OIIHKA KOPUCTYBAIIBKUX IHTEP®EMNCIB PI3HUX
HOJBOTHHUX KOHTPOJIEPIB IJIA BIIC

Muxaiino Mariitunk; Muxaiiio ®@y3ik; Osexcanap Pudanbuenko; Jenuc
Mariiiuuk; Hatanis CyBoposa

Hayionanvnuii asiayivinuti ynisepcumem, Kuis, Yxpaina

Pestome. IInanysants nonbomuo2o 3a60aHHA OUCMAHYIIHUM HITOMOM € OYJIce 8aAdCIUBUM emanom y
npoyeci ni020mosKu noabomy 0e3ninomHo20 noGimpaAHo2o cyoua. Haiimenwi nomunku, donyweni npu ybomy,
Mooicyms npuzeecmi 00 HeNONpaGHUX HACHIOKIG 5K Ol camo20 6e3niomHO20 NOGIMPAHO20 CYOHA, max i 0/
omouytouux. Kinekicms nomunox oucmanyiiino2o ninoma MOJCHA 3MEHWUMU 30 PAXYHOK 3HUIICEHHS HUM
WBUOKOCMI NIAHY6AHHA NONbOMHO20 3a60annA. OOHAK Y peanvHill excnayamayii ye Modce YnoGilbHumu
ni020moeKy 00 noIbOmy i, K HACTIOOK, 3HUSUMU epeKMUSHICIb NPOYecy SUKOHANHA NONbOMHO20 3A60AHHS 6
yinomy. Kpim ycvozo inuoeo, na weuoKicms NiaHy8aHHsA NOIbOMY GNIUGAE CAM iHmMepghelic Kopucmyeaya, AKull
€ 3ac000M 363Ky Midic OUCIANYIUHUM RITOMOM | MAUWUHOIO — OOPMOBUM NOTLOMHUM KOHMPOAepom. Bioomo, wo
JIOOUHO-MAWUHHI  KOMYHIKAYItiHI  inmepgbeticu Oyoice pi3HOMAHIMHI, ane 6 YoMy 60HU NOGUHHI CHRpUAMU
be3nepeukoOHOMy ma 0e3NOMUIKOBOMY YBEOCHHIO 6 NaM'samb MAuwiuHu (NonbOmHO20 KOHMPOAEpa) 6xionoi
iHgopmayii, Ika 6 NOOAILUOMY Oy0e CYHCUMU OPIEHMUPOM 0N MAWUHY 6 iT Oisx. Y motl sice uac, Heoocmamubo
00KA3i8 w000 3ACHMOCY8ANHS KIiNbKICHUX Oyinioeanb inmepgeiicy (oyinosansb 3acobie, npasun i memooie ma
cnocobis) 02151 6o1ce BIOOMUX NOTLOMHUX KOHMPOAEPIE.

Hageoeno pesynomamu amanizy ma 0ocniodcenns inmepgericie Kopucmyeaua 060X HOJIbOMHUX
KOHMPONEPi6 3 GIOKPUMUM MA 3aKPUMUM KOOAMU, 3a KPUMEPIAMU NPOCMOMU 86€0eH s 6 HUX OaHuX nid yac
NIAHYBAHHA, CYMAPHOI KilbKocmi onepayiil nio 4ac niamyeaHHsi 6Cix emanié no1bomy ma o0cA2y GUKOHAHOI
pobomu 6 pamkax KodxiCHOI onepayii, a maxodic pieHs eizyanizayii (6ioobpadicenns) ingopmayii na monimopi
HA3eMHOT cmaHyii KepyBanHs 0e3NiNOMHUM NOGIMPAHUM CYOHOM. O KOJICHO20 13 3a3HaueHux Kpumepiie Oyau
3acmocoeami IOHOCHI 6a206i Koegiyienmu Ha OcHOGI pelimuneogux memoois. Ilicis epaxyeanns pezynvmamis
OYIHIO8AHHA OYIU 6CMAHOGNEH] pelimuH2u 05l MAKUX NOJbOMHUX Konmponepie, ax Pixhawk ma Veronte.

Knwuosi cnosa: oucmanyiiinuti ninom, weuoKicms ma AKiCmMb NIAHYEAHHA NOAbOMHO20 3080AHHS,
inmepgheticu nONLOMHUX KOHMPONEPI8, HA3EMHA CMAHYis KEPY6aHHs, 20JNOGHUL eKPAH, PpedcuMu pobomu
Konmpoaepa, Kpumepii oyinoeanis inmepgeiicie, 6a2osi koeQiyienmu i-20 Kpumepiio.
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