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This paper introduces the design and development of QMRS (Quadcopter Mobile Robotic System). QMRS is a re-
al-time obstacle avoidance capability in Belarus-132N mobile robot with the cooperation of quadcopter Phantom-4.
The function of QMRS consists of GPS used by Mobile Robot and image vision and image processing system from both
robot and quad-copter and by using effective searching algorithm embedded inside the robot. Having the capacity to
navigate accurately is one of the major abilities of a mobile robot to effectively execute a variety of jobs including ma-
nipulation, docking, and transportation. To achieve the desired navigation accuracy, mobile robots are typically
equipped with on-board sensors to observe persistent features in the environment, to estimate their pose from these
observations, and to adjust their motion accordingly. Quadcopter takes off from Mobile Robot, surveys the terrain and
transmits the processed Image terrestrial robot. The main objective of research paper is to focus on the full coordina-
tion between robot and quadcopter by designing an efficient wireless communication using WIFI. In addition, it identi-
fy the method involving the use of vision and image processing system from both robot and quadcopter; analyzing path
in real-time and avoiding obstacles based-on the computational algorithm embedded inside the robot. OMRS increases
the efficiency and reliability of the whole system especially in robot navigation, image processing and obstacle avoid-
ance due to the help and connection among the different parts of the system.
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Introduction

A robot is an electro-mechanical device de-
signed to accomplish variety of tasks in different
aspects of our life. Service robots mainly designed
to serve humans in multilateral sectors of educa-
tion, medical, military, security, emergency cases,
entertainment, research, production and agricul-
ture [1].

Unmanned Ground Vehicles (UGV), often
called ground robots, which are used both in mili-
tary and civilian purposes, for the protection and
rescue of people in the performance of tasks in
life-threatening conditions. Generally, these ground
robots used to produce work with explosive ord-
nance and mine clearance, reconnaissance, search
and rescue operations, inspection of buildings and
infrastructure, patrolling as well as freight traffic.
There are many obstacles (rock, big stones, build-
ings, mountains, cars and civilians) at outdoor en-
vironment which considered as a problem for
each mobile robot. To overcome this dilemma, we
designed and developed a Quad-copter Mobile
Robotic System [2] for agriculture purpose appli-
cation to help emergency situations (in the liqui-

dation of the threat of explosion, poisoning,
fire-fighting and in agriculture for spraying pesti-
cides). The method involves using domestic serial
chassis mini-tractor Belarus-123N includes differ-
ent functions like capturing real world data using
digital image processing used to detect its obsta-
cle which is found in its path. To increase the effi-
ciency of mobile robot, we use Phantom-4 Vision
Quadcopter to help the mobile in navigation and
in direction.

For detecting and avoiding obstacles in their
paths, robots should be able to monitor and adapt
their surrounding by embedding system to ana-
lyze its view and environment [3]. Distinctive
cameras from both Mobile Robot and Quad-cop-
ter and sensors are used to detect obstacle [4].

For navigation and position, mobile robot has
to solve two problems: to determine the current
location, and build path of the upcoming journey,
free from obstacles.

The first problem is solved by system of visu-
al image positioning from robot and quadcopter.
Image with moving robot is analyzed to highlight
specific points of their unique ensemble allows

1,2017

CUCTEMHbIN AHAJIN3 U MPUKITALHAS UHOOPMATUKA


http://rep.bntu.by

70

Ob6bpabomka uHgopmayuu u npuHsimue peweHull

for the repeated analysis of the image, the new
range of travel, to reliably determine its location.
The problem of detection of obstacles encoun-
tered on the way of movement of the robot is very
typical. However, robots cope with this task ste-
reo video camera. Depth map construction space
in front of the stereo cameras, and accordingly, in
the way of movement of the robot, allows the ro-
bot to choose the path free of obstacles directions.

This article is concentrating on an internation-
al project (Belarus, Kazakhstan and Azerbaijan)
to create a multifunctional Quad-copter Mobile
Robotic system based on the chassis serial domes-
tic mini-tractors and commercial quad-copter to
introduce the concept of controlling such a robot
using wireless communication [5].

Belarus 132n mobile robot

During the stage of designing and implement-
ing the mobile robot, we address reliability and
simplicity of design of the robotic system. We use
platform chassis of tractors “Belarus-132N” [5].

Belarus-132N is an international project (Be-
larus, Kazakhstan and Azerbaijan) is a four-whee-
led small-size unmanned ground terrain vehicle,
dimensions 120x120x180 c¢m (length, width and
height respectively), and weighing about 500 kg.
The power and traction, originally designed for
plowing the soil, it is sufficient to ensure that the
movement of the trolley up to 500 kg, or clearing
blockages with regular attachments. Physical
specifications allow transporting it in simple and
small vehicle with a medium wheelbase or a con-
ventional single-axle trailer. General view of the
current prototype robotic system with the original
attachments designed for firefighting is shown in
Fig. 1.

The Belarus-132N Mobile Robot consists of
the following systems and components: a video
system for driving, positioning and navigation;
mechatronic motion control system; on-board
computer; telecommunication systems with a re-
mote control unit; staff attachments.

Fig. 1. General View of the Belarus 132N Robotic System

Quadcopter

A quadcopter or quad-rotor is a multi-rotor
helicopter that is departed and landed by four ro-
tors. Quadcopter is a small Unmanned Aerial
Vehicle (UAV) has significantly increased in re-
cent decades. Quadcopter is one of the most suc-
cessful vertical take-off and landing vehicle with
autonomous flight control and stable hovering ca-
pabilities. These features have significantly in-
creased the uses of Quadcopter in all researches in
the universities including Electrical, Mechanical,
Computer science, and Control system, Real-Time
Embedded Systems, Robotics and Navigation.
The UAVs are usually used for military, research
or civilian operations. The main applications in
civilian operations are search and rescue opera-
tions, agriculture, fire control, search and rescue
operations and inspection of critical areas [6].

A Quad-copter (Quad-rotor helicopter) is a mul-
ti-rotor aerial vehicle that is taken-off and lands
by four rotors. It has two rotors per axes and each
of the axes is aligned with the other where two
rotors run clockwise (CW) and two rotors count-
er-clockwise (CCW) as shown in Fig. 2.

A wireless remote control is used to interact
with the flight controller system for changing the
flight path. Quad-copter uses the Stable Mode. In
this mode, data from accelerometer and gyro sen-
sor is combined to calculate the quadcopter angle.
Once the remote control stick is moved to non-
idle location, the quadcopter angle is changed ac-
cordingly and held at the angle as shown in Fig. 3.

Phantom-4 Vision Quad-copter is a lightweight,
multi-functional integrated aircraft and camera
with a camera remote-control by DJI VISION APP

W ccw

CCwW
Fig. 2. Rotating of rotors per axis of Quad-copter
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Fig. 3. Different control mode related to the movement of Quad-copter

S-mode: 45 mph (72 kph)
Max Speed A-mode: 36 mph (58 kph)
P-mode: 31 mph (50 kph)
Approx. 30 minutes
GPS/GLONASS
Forward Vision System
Backward Vision System
Downward Vision System

Max Flight Time
Satellite Positioning Systems

Vision System

Altitude Range 0-33 feet (0 - 10 m)
FOV 84° 8.8 mm/24 mm
Lens (35 mm format equivalent)
Fig. 4. General View of Phantom-4 Pro Vision Quad-copter £2.8— /11 auto focus at 1 m —oo
Video:

as shown in Fig. 4. Its range extender increases 100-3200 (Auto)
Wi-Fi distance to 5 km. Due to its reliability, o
-© Telabl SOR 100-6400 (Manual)
Phantom-4 Vision Quad-copter use anti-vibration ange Photo:
camera platform with single axis stabilization. 100-3200 (Auto)
It operates at low-voltage protection with virtual 100-12800 (Manual)
radar aircraft locator on mobile device. The image  |phoro JPEG, DNG (RAW),

processing uses HD Video Recording (H.264 and JPEG + DNG
i i Video MP4/MOV (AVC/H.264;
H.265) and save the sequence of image in JPEG HEVO/H265)

and DNG picture formats and video in MPA/MOV (0, 41ing Temperature

(AVC/H.264; HEVC/H.265) formats. The specifi-  |Range 32710 104 °F (070 40°C)

cations of Phantom-4 Vision Quad-copter are |Capacity (Battery) 5870 mAh
shown in the Table. Voltage (Battery) 152V
Battery Type LiPo 4S
Specification of Phantom-4 Vision Quad-copter Energy (Battery) 89.2 Wh
Weight (Battery & 1388 ¢ j\vjt Weight . 468 g
Propellers Included) ax Charging Power 100 W
Diagonal Size 150 Rated Power (Charger) 100 W
(Propellers Excluded) mm Stabilization 3-axis (pitch, roll, yaw)
S-mode: 6 m/s Controllable Range Pitch: —90° to +30°
Masx Ascent Speed P-mode: 5 m/s Max Controllable Angular Pitch: 90°/s
Max Descent Speed S-mode: 4 m/s Speed .
P-mode: 3 m/s Angular Control Accuracy +0.01°

1,2017 CUCTEMHbIN AHAJIN3 U MPUKITALHAS UHOOPMATUKA



72

Ob6bpabomka uHgopmayuu u npuHsimue peweHull

Proposed work

Development and construction of QMRS con-
sists of two parts: Mobile Robot and Quadcopter.
The robot is equipped with sensors and cameras
used for surveillance operation in outdoor envi-
ronment area. For surveillance we use image pro-
cessing concepts. Image processing systems re-
ceive data from a variety of cameras and from
Quadcopter to determine the distance to an object
(obstacle) with the captured output to an external
computer [7] to increase efficiency as shown in
Fig. 5.

Efficiency and
Reliability of
Navigation System

e

Fig. 5. General view of Quad-copter Mobile Robotics Sys-
tem

Thus, the present project of QMRS has four
main levels of computing modules: an external
computer (user); on-board computer; multi-chan-
nel controller actuators; quadcopter. Each mod-
ule was necessary to define the specification of
functions, commands to initialize them, the ser-
vice information data and inter-module interfa-
ces [5].

Quadcopter Mobile Robotic System

Automatic detection and tracking of objects
observed in a sequence of images is an actual
problem, often occurring in the development of
navigation systems manned and unmanned air-
craft. The Quadcopter Mobile Robotic System
consists of Quadcopter and Mobile robot by using
image processing to determine the optimal route
for mobile robot.

An essential requirement for the developed al-
gorithm is the ability to implement it in the on-
board data processing systems, enough effective
approach to the automatic detection of objects in
the conditions of uncertainty of the location and
orientation.

Algorithm of coordination QMRS

The QMRS detects, tracks any moving or sta-
ble objects in outdoor environment by using im-
age processing system [8].

Each noticeable object in outdoor environ-
ment has following properties:

1. Identifier — a unique number assigned to the
new object detection. Number assigned to this
object as long as there is no decision on the loss of
the object;

2. Coordinates the left edge of the object.

3. Coordinates the top edge of the object.

4. Width.

5. Height

6. Life Time — the number of frames of a video
sequence in which the object was present since
the first detection

7. Object type.

The composition of the group of robots in-
volved of one main (or base) mobile robot (MBR)
with quad-copters/s on board.

The algorithm of solving the problem and spe-
cification of functions of robots:

1) MBR has modes of remote, semi-autono-
mous and autonomous control. On board carries
the server on which the loaded geographic infor-
mation system (GIS) with a digital map of the site
location. (Similar map launched on computer op-
erator remote PC). MBR has the GPS — receiv-
er, which determines current coordinates on map;
XY rotary video system that allows MBR and
computer operator to control the movement and
“to look round” during the stop, and other sensors
of the current situation.

2) The operator can control the MBR re-
motely (receiving video data from the board) or
in semi-automatic mode, by specifying a point on
a digital map, which must arrive, or reference
point in the video frame in the direction of which
it is necessary to move (or concerning which it is
necessary to perform the movement). Data from
the GPS-receiver is constantly updated, are linked
to a digital map and compared with video analytics.

3) In the simplest case, the quadcopter plays
a supporting role by duplicating the rotary vid-
eo system onboard the MBR. If necessary (or on
command from the remote control) the quadcop-
ter takes off and hovers over the robot at a height
of 15-20 meters. Video data from quadcopters
transmitted to the MBR server wirelessly, which
increases visibility and allows operating effective-
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Fig. 6. Communication of different parts of Quad-copter Mobile Robotic System (QMRS)

ly the movement of remote control mode, and also
serve for updating the situation on a digital map of
the district site area.

4) Mobile robots can be controlled remotely
by the operator, remotely or autonomously MBR.
Optionally they can be equipped with video cam-
eras, GPS, other sensors, and technological equip-
ment such as manipulator. The simplest examples
of the application — the automatic following of
the MBR and the management of transmission of
wireless communication or transferring the video
picture from hard-to-reach places on the MBR to
the operator. In more difficult situation - MBR
distributed on the territory according to the given
program, specified coordinates with elements of
autonomous control.

Mobile Robot and Quad-copter
Communication System

Communications and communications proto-
cols will play an important role in mobile robot
systems able to address real world applications
[10] as shown in Fig. 6.

A mobile robot system might employ commu-
nications in any or all of the following modes:

e Between a robot and control user to send
command tasking from the user to the mobile ro-
bot and to receive back from the robot system sta-
tus and environmental data.

e Between a quadcopter and control user to
send command from the user. Quadcopter syn-
chronizes with user control to see what the cam-
era located at quadcopter records. The user use
joystick or remote control in order to direct the
quadcopter in space.

e Between robot and quad-copter in a hybrid
robot system to support both planning and coordi-

nated execution of cooperative behaviors between
robots i.e. mobile robot and quadcopter.

e Between robot and the robotic system de-
veloper, to eliminate errors and increment imple-
mentation productivity and efficiency by provid-
ing software downloading and system debugging
implements to exercise and validate hardware as
well as software.

e Between quad-copter and the robotic system
developer, to eliminate errors and increment im-
plementation productivity and efficiency by pro-
viding software downloading and system debug-
ging implements to exercise and validate hard-
ware as well as software.

CONCLUSION AND FUTURE WORK

The objective of this project is to design a com-
munication network for hybrid robots (QMRS) to
transmit real-time video back to a host computer
for monitoring and controlling purpose. The choice
of using WI-FI to develop the communication
system resulted in a system that is capable of
transmitting data within a local wireless network.

Quad-copter Mobile Robotic System is a re-
al-time obstacle avoidance capability in Belarus-
132N mobile robot with the cooperation of quad-
copter Phantom-4. The article identifies the meth-
od that use vision and image processing system
from both robot and quadcopter; analyzing path in
real-time and avoiding obstacles based-on the
computational algorithm embedded inside the ro-
bot.

The next step of the future work will involve
positioning and navigation of mobile robot in a
merging cooperation of quad-copter in an un-
known environment by using digital map, GPS,
image processing, and sensors.
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Moustafa M. Kurdi

KOMMYHUKALUOHHAA CETb AN TUBPUAA MOBUABHOIO POBOTA
N KBAAPOKOINTEPA

benopycckuil nayuonanbHwitl mexHuveckuil ynugepcumen

B cmamve pacemampusaemces npoexmuposanue u paspabomka MPKK (MobunbHo20 po60momexHuuecko2o KOMNieKca
¢ keaopoxkonmepom). MPKK 6 cocmase mobunvrozo poboma na 6ase mpaxmopa Benapyco-132N 6 pesicume peanbrozo
epemenu obecneyusaenm 603MONCHOCIU NPe0OOIeHUs NPENnsSIMCcmeuil npu g3aumooeticmsuu ¢ keaopokonmepom Panmom-4.
Qynxyuonanvro komnuexc cocmoum uz GPS, mobunvnoeo poboma u cucmemvr 0b6pabomru uzodpadicenuil, NOIY4aAeMbIxX
Kak om poboma, maxk u om KeadpoKonmepd, makxaice unoib3yemcs 3PHekmueHulil aneopumm nOUCKd, 6CMpPOEHHbLI GHYMPU
poboma. CnocobHocmv MoyHOU OpUeHmayuu s1811emcsi OOHOU U3 OCHOBHBIX 603MOJICHOCIEL MOOUIbHO20 poboma OJist I¢h-
Gexmuenozo guInoaHEHUSs MHOJICECMEA pAbOYUX PYHKYULL, GKAIOUAS PA3TUYHBIE MAHUNYIAYUY, CIBIKOGKY U MPAHCHOPMU-
posky. [Qns 0ocmudicenust mpedyemoti mouHoCmu Hagueayuu, MoouIbHsie pobomuvl, KAK NPAGUI0, OCHAWEHbl OAMYUKAMU HA
b6opmy 01 HAONIOOEHUSI HENPEePbIBHBIX UBMEHEHUL 8 OKpYJicarouell cpede, OYeHKu NO3UYUL, UCX00sl U3 IMUX HabIoeHull,
U KOppekmuposKu ux ogusicenusi, coomgeemcmeenno. Keaopoxonmep e3nemaem ¢ mobunsnozo poboma, obciedyem mecm-
HoCcmb U nepedaem o6pabomantoe uzoopadceHue HazemHomy poobomy. OCHOBHOU Yenblo UCCIEe08AMENbCKOU pabomvl 516-
JIAIeMCsl KOHYEeHMPayus GHUMAHUSL HA NOTHOU KOOPOUHAYULU MedicOy POOOMOM U K8AOPOKONMEPOM nymem pazpadomxu d¢h-
Gexmusnoii becnposoonoii ceazu ¢ ucnoavszosanuem Wi-Fi. Kpome moeo, onpedenenus memooa, 6karouaioujeco 8 ceds uc-
NOMb306AHUE BU3YATLHO20 HAOIIOOEHUs U CUCEMbL 00PAbOMKU U300padceHull om 060ux: poboma u KeadpoxKonmepd, aHa-
TUUPYS NYMb 6 PedCUMe PeaibHo20 epemenu u uzbeaas npensimcmeuil Ha OCHOBAHUU BbIYUCTUMETbHO2O0 AN20PUMMA,
ecmpoennoco enympu poboma. MPKK nosviuwaem s¢hpexmusnocms u nadejicnocms ceti cucmemvl, 0COOEHHO 8 HABUSA-
yuu pobomos, obopabomre uz06padicenull u uzdecanuu NPensmcmeutl 61a200aps cucmeme NOMOWU U CEA3U MeHCOY PaA3Tu-
HbILMU YACMAMU KOMALEKCA.

Knroueswie ciioBa: oopabomxa uzodpadsicenuil, MHOLOQYHKYUOHATbHBIN MOOUTLHYIN pOOOM, MOOUNLHBIL POOOMOMeEXHU-
YecKuil KOMIIEKC ¢ K8AOPOKONMEPOM, cucmema 6ecnpo8oOHOU CEA3.
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