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Abstract: Area of service robotics is characterized by iasieg amount of device which is defined to perfeamous

tasks. In most of cases the service robots arealtmtt remotely from an operations centre at penfog their tasks. In
order to control robot an operator has availabkeisp drivers or software on computer that allots tontrol of only
certain devices. This article deals with the desifthe communication channel, which will be usadttee basis for
creating a universal tool for remote control ofvies robots of various kinds. This article focusesthe description of
the data structures needed for the transmissiepetfific data in two-way communication.

1 Introduction 2 Description of the communication
Area of service robotics is characterized by insiren module
amount of device which is defined to perform vasiou For the purpose of ensuring a bi-directional wisle
tasks. In most of cases the service robots areat®tt communication channel between an operator andcservi
remotely from an operations centre at performingirth ropots is necessary to select the appropriate radio
tasks. In order to control robot an operator haslae frequency. The radio communication is managed gt st
special drivers or software on computer that alléhs ryles today to avoid unwanted interference withepth
control of only certain devices. devices. For research and development purposesdshou
This approach is suitable for commercial use, whetg ysed worldwide-free bands ISM 2.4 GHz
the customer gets tools for remote control (eitheforresponding to the IEEE 802.15.4 standard.
computer software or special drivers) of boughotsbin  There are many devices that can be used to create a
a process of development of prototypes of servab®ts wireless communication. Therefore it is very impattto
that have different design principles, it is appi@ie to  determine the basic requirements for given deviteh
create a universal system of wireless communicdtiah a5 a distance between an operator and a deviceathef
it could be implemented into the any of developelibtic  communication between the MCU and a wireless
devices. communication module, required transmission réte, t
The creation and subsequent use of universgiaximum size of the transmitted data and other.
communication system for service robots brings 1sdve  Area of application of developed service devices is

advantages such as: combination of indoor and outdoor applications. For
« decreasing of needed time for the phase @utdoor applications is supposed a maximum distance
development between the robot and the operator of 1000m. This
* the possibility to control several robotic dewice condition is derived from the legislative amendnsefor
in the same time by the use of the universal cbtunb common drones to 20kg. The reason is the assumgtion
« the possibility of easy implementation ontomplementation of robotic flying devices that beoto
devices of OS windows or OS Android the group of drones. The use of terrestrial or tiihgg
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devices isn't legislative regulated in any way, the service robot - for terrestrial service robots with
maximum distance at which it is possible to rempoteldifferential control, for terrestrial service robotwith
control robots derived from a group of drones t&g20 controlled axle and for flying robots. The reasar f
The operation of drones to 20kg is not yet subjech choosing this group of service robots is the faeit the
license from the Transport Office. majority of implemented service robots can be diasks
Selected module nRF24L01p Nordic Semiconductanto one of these groups.
that includes a power amplifier (PA) and low noise Significant representation in practice has a grofip
amplifier (LNA) allows you to create a stableterrestrial robots. The fundamental data for a raiirig
communication channel capable of communication overf the robot movement are data about speed anctidine
long distances. In the open area by using antemitas We can mark these basic movement data as a "mation
gain and 2 dB selected data rate of 250 kbpspossible frame".
to transmit information about a distance of 130Qare For determine the movement forward and backward we
This distance is fully suitable for the intendegeyof can use only one bit of this frame. That meanhig bit
application. More characteristic information’s ababie will have a value of 0, the robot will perform a wement
communication module nRF24L01p is shown in théorward and vice versa. For purpose of speed cbigro

following table (Table 1). need to use bulkier information. In order to smgotnd
accurately control a speed of movement it's necgdea
Table 1 nRF24L01p specifications use information about 10 bits of a motion data famn
Maximum output power +20 dBm theory by this way it will be possible to controspeed of
Maximum Payload 32 bytes robot_ by using 1023 Ieve_ls. In practice it W|II nbée
S : possible because the engine at low levels will statt.
Communication with MPU SPI (8Mbps) This fact we have to keep in mind when we are
Sensitivity 250kbps (received) | -104 dBm programmer, but for common users is this infornmatio
. irrelevant because the software adjustment remthiss
PA gain 20 dB state
LNA gain 10dB Another 10 bits we will use to control direction ttee
LNA Noise figure 26dB right or to the left. There is no need to use thd@ bits
A Gai K > dB to identify turning in each direction separatetis usefull
ntenna Gain (peak) divide the range of 10 bits into two parts. Theozeit of
2MB rate (Open area) 520 meter the frame we will use to control of a directiontie zero
1MB rate (Open area) 750 meter bit will have value O a robot will turn in to theft and
vice versa. The remaining 9 bit will control rasliof
250Kb rate (Open area) >1000 meter turnin
g.
3 Description of a data frames 20191817161514131211109 8 7 6 5 4 32 10
. . . |19:8:7:6:8:4:3:2:1:0]9:8:7:6:5:4:3:2:1:0]0]
The main purpose of the proposal of communication
channel is to acquire a versatile tool for remaevise Y Y Lr,

robots with one unit (Figure 1). In addition to tantrol

signals it will can to obtain status informationafyiven steering dir speed  motion dir
robotic devices. Also the proposal of the commuinca Figure 2 21 bit motion frame of terrestrial robot
channel will be create the basis for creating dpp$C
(Windows) and mobile platforms (Android). Into the area of service robotics penetrate inanghs
unusual flying device - drones. Control principfetteese
4 devices is very simple but very different in congan
N g = p terrestrial robots. It is therefore necessary te @s
1 @ different data format, which will transmit the nesary
Control centre  Ja—-yro information for their management. Because no matter
(operator) how much has multicopter rotors can be used fahake
Tracked robot | = facilities the same data format._ _ _
. The most important data is information about the
<% 53  Wheeled robot performance of motors. By these data is regulabed t

flight altitude. Because multicopters use speaiakbless
motors, which have a large speed range which dsntro
Figure 1 Scheme of control of different kind robots the power, it is necessary to have appropriaterabnt
. o range. For the purpose of transmission informagibaut
The basic proposal of communication channel igerformance we use the 10-bit word. Because a
created for control of movement of three basic $ype performance of all engines is the same at the mbmen

» . Flying robot
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can use only one 10 bit data word for regulatioralbf
motors.

Direction of flight and its speed is controlled &glope
and a tilt of the whole frame of a drone. The cleaafja

slope and tilt achieve by changing the speed of the

engines on the basis of information on the slopkt#tnof
the IMU. The actual flight control is the resporiléip of
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11109 8 76 543210
15010.8 .7 6.8 . 4:3:2:1:0
T
direction throttle

27262524232221201918171615141312

the flight controller. Its needs to send to contrehtre 27:6:6:4:3:°:1:017:6:6:4:3:°:1:0
only information about where and how fast a drone \ ) )
moves. Y Y
Sideways movement of a drone can be describedeby th . .
speed - X speed - Y

X-Y plane. Drone is the middle of grid system. OSsX
identical with the direction of movement back awodttH

and Z axis movement corresponds to movement to the
right and left. The resultant direction of movement

determined by the angle of the vector which produco tain status information of this device. Therefates

components X and Y, and speed in a given direaifats
size.

X, forward

Figure 4 28 bit frame of flying robot

In addition to control information flows, which are
irected by the operator to the device, it is nemgsto

necessary to create a state information channel.b@kic
information needed for management includes slaitte, t

and orientation of the structure coordinates of GiRr8

battery status.
It's very important to know the battery chargeistdor
two reasons. The first is a scheduling of operatidne to

255 A
, speed & direction
X A vector
/
left right
/

T LY
255 y 255 Y

255 4 backward

Figure 3 Principle of direction & speed control

For the given principle of control direction andesd

of movement, we have to transmit to the controlt uni

information about the direction of flight (2 bitsyhich is
a combination of two bits. Zero bits of the pait &bout
the direction of the X axis (1 - forward O - backdj the
first bit talks about movement in the directiontioé axis
Y (1 - right, O - left). In addition to informatioabout the
direction you need to send speed information resmbg
about tilt in given direction. For this purpose, wil use
two 8-bit words. 8-bit word creates range of 256ls of
tilt and slope, which is fully sufficient range ¢ontrol the
direction and speed of flight speed.

the battery charge level so to prevent batteryhdisge
while performing the task. The second reason Fatect
the battery, because today they are commonly uged L
batteries, which must not be discharged below Z&\//
The value of the capacity of batteries can be disu
in two ways, by using the percentage display, orédaf

value in volts. To view by using a percentage @igpl

could be used 7-bit word but to see real valuehia t
format DD.d [V] will use 10 bit value.

0-3 bit are used to express the decimal value amit
4-9 bit is used to express an integer value patemi

volts, up to 63 V.

43210
D.d.d.d 4]

98765
[ DD DD

Figure5 10 bit Baterry charge data frame

For terrestrial and flying robotic devices it issal
important to know the actual angle of tilt andstsucture.
In terms of terrestrial robots it is appropriatepimvide
this information to the operator in order to optipa
control robot and to avoid, for example, to itsnggi
overturned. Movement of flying robots, especialigries
is based on changing the tilt and inclination. imeion
and tilt is controlled automatically, but it is mssary to

For information transfer system designed by thig waknow the actual value of the data. Due to the tlaat we

we need to use a total of only 28-bit word. We san
detailed description and composition on the nestipe.

do not need to use the full 360 degrees and the&rame
of the data will be rounded to the stage, for sdtipe and
inclination data consistency of the data we usesibe of
1 byte.

A information that we have to send extra to operato
for appropriate control of flying robots is flighititude.
Today, the amount of used altitude sensors achimlte
accuracy (x 1 m). Taking into account the maximum
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wireless range management 1000m legislativ@otation around the Z axis) we have to use 9 bit
regulations, which refer to a maximum altitude @01 information because it uses the full range of 360 °
meters, sufficient amount of data to display therent

amount is 10 bit dir "“i“e dir "ﬂili
z 151413121110 9 8]7)6 5 4 3 2 1 0)
9 8 7 6 : .‘ 3 2 l 0 7:6:£:4:3:2:1:0]7:6:8:4:3:-23:1:0
FALNL AL NCAL AL AL - AL A N \
Figure 6 10 bit Altitude data frame | |
Roll Pitch

When system is working outdoors will not do without 242322 2120 19 181716
features of tracking of device on basis of the tmsiof ESRET S SX BEEE-ER EIX
the GPS system. To transmit the coordinates we use l Y )
decimal format DD.ddddd. For the system tracking
applicable in all geographical areas, it must also
coordinate and transmit information where the devi
located. For this purpose we use a pair of bitd, the bit .
prime position with respect to latitude (0 - North,- CoOnclusion

South) and the first bit of position relative tetlongitude =~ The main aim of this article was to propose and
(0 - Eastern, 1 - west). describe the universal data communications channel

The actual transmission of the data we use to sehiemanagement service robotic devices. Communications
high accuracy 4 bytes. The first byte will be uged channel designed to serve as a basis for creating a
transfer information about the full degrees and th@pplication running under Windows Mobile and Andtoi
remaining three bytes to transfer six decimal mabés This application will ~facilitate and simplify the
number, each byte is divided into upper and loveerr f development and testing of robotic equipment as it
bits. Each foursome bits testify about the valueooé relieves developers  from design to  control
decimal. That is, the use of three bytes, eachtofiwis Communication. Also, the present proposal can be
divided into two parts, we are able to display jest implemented establishment of communication channels
decimal places. The same data frame we use toibescrlready in finished devices, which in turn will bgerated
the latitude and longitude. Overall, for transmigti together with other devices using the same software
position data robotic equipment we will use 66.bits

Yaw
Figure 8 Rall, Pitch and Yaw data frame

byte3 byte2 bytel byte0 Ac_knowledg.emgnt . .
) A a4 a3 4 This contribution is the result of the project
. ) implementationSTIMULY ¢.Req-00169-0003 “Vyskum
T a vyvoj inteligentnych mobilnych robotickych platiem

- ; a polohovacich systémov s vysokou presoospre
degree six decilam places vyuZitie vo vyskume, vyvoji a v priemysle” and peof
Figure 7 4 byte Longitude/Latitude data frame No. VEGA 1/0872/16 “Research of synthetic and

_ . _ biological inspired locomotion of mechatronic systein
Very exact value of slope, tilt and orientationtbé  rygged terrain”.

frame of the robotic device can be obtained by gisin
Inertial Measurement Units. Accurate figures are
necessary for motion control, which is not an inéér References
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