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(54) A REMOTE-CONTROLLED VEHICLE FOR OPERATIONS IN EXTREME CONDITIONS

(57) In this invention it is disclosed a remote-control-
led vehicle for operations in the extreme conditions (10)
which comprises a base vehicle (100), a gripper (200),
a manipulator arm(300), a mission module wherein base
vehicle comprises front (110) and rear part(120), wherein
on the front part of the base vehicle gripper is mounted
and on the rear part of the base vehicle the manipulator
arm is mounted and when in operation, the gripper and

the manipulator arm are remotely operated. Also, it is
disclosed whole system for remote operations compris-
ing said remote-controlled vehicle and a control centre
comprising a set of graphical user interfaces (GUI) and
video displays (VD) arranged so that two way communi-
cation between the vehicle and control centre is estab-
lished and wherein from GUI person can control and op-
erate with the vehicle.
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Description

FIELD OF THE INVENTION

[0001] The present invention relates to remote-control-
led vehicles suitable to operate in extreme conditions,
especially environments with chemical and/or biological
and/or radiological and/or and nuclear threats and pollu-
tion.

TECHNICAL PROBLEM

[0002] There exist different types of natural and an-
thropogenic threats, especially coming from Chemical,
Biological, Radiological and Nuclear (CBRN) materials
or weapons and technological accidents in industrial and
military complexes with serious CBRNe consequences
causing great damage to people, environment and prop-
erty. With this invention the inventor has a goal to develop
a new means and technologies capable of eliminate
CBRN threats without risk of human lives. The goal set
up by inventor was to use a remote-controlled vehicle to
fight against all these threats, so completely it is elimi-
nated human staff needed to operate vehicle in environ-
ment with direct life-threatening situations, but the vehicle
is operated by humans from a safe distance from dan-
gerous conditions. Further goal was to design completely
functional system with a prototype of the remote- con-
trolled platform designed for detection (includes tasks of
surveillance, reconnaissance and survey), identification,
monitoring and elimination of hazards in conditions of
chemical, biological, radiological, nuclear and explosive
threats.

PRIOR ART

[0003] As the prior art there are many patent applica-
tions for remote operated vehicles and remote-control
systems for vehicles, robots and manipulator. Generally,
in prior art i.e., in patent application US20180074490A1
Apparatus and method for vehicle remote controlling and
remote driving system it is disclosed a vehicle remote
control device and system, and a method for remote driv-
ing. Disclosed vehicle remote control system includes a
remote driving vehicle transmitting driving information in-
cluding images of a front, a rear, and sides, and path
information of a vehicle, and vehicle condition information
including a vehicle speed, an steering angle, front and
rear pressure, a body tilt, an engine condition to a remote
control platform, and receiving an ECU (Engine Control
Unit) control signal from the remote control platform,
thereby remotely running according to the control signal;
and a vehicle remote control platform receiving the driv-
ing information from the remote driving vehicle, and re-
motely controlling the vehicle drive according to the re-
ceived information. Claimed method does include other
vehicle parameters too, but does not mention anything
related to extreme conditions, neither firefighting or de-

contamination. In patent CN207913067U Petrochemical
industry Multifunctional firefighting robot and robot fire-
fighting system it is disclosed a firefighting track-wheel
type structure robot with fire water monitor for fire-fighting
operation, including communication module for commu-
nication with control centre of robot, video mode identi-
fication mould for obtaining the photographing module of
ambient image and carrying out pattern-recognition to
acquired image block with All-in-One gas sensing mod-
ule. This robot does not include decontamination func-
tion. Patent RU2580779C2 Mobile robotic fire extinguish-
ing system discloses the mobile robotic fire extinguishing
complex, which is a self-propelled vehicle and containing
a body mounted on the chassis, on which is mounted a
power plant, an on-board remote control and radio te-
lemetry system, a fire extinguishing system, an on-board
video surveillance system, as well as a special kit equip-
ment consisting of a bulldozer blade and a water barrel
monitor (fire monitor) with remote control. Further it dis-
closes the power part including a diesel engine, hydraulic
pumps, actuators and valves, fuel and oil tanks and a
battery. The fire extinguishing system contains: fire
equipment, communications for the supply of extinguish-
ing agents, a centrifugal water pump with a hydraulic
drive, connecting pipelines, water tanks and a foaming
agent. Also disclosed is the remote-control system via
the radio channel consists of an on-board control device
with an antenna, is equipped with an autonomous wear-
able operator control panel (manipulator) and a mobile
control centre. But, also, there is no decontamination dis-
closed. In patent US8973671B2 Smart compact indoor
firefighting robot for extinguishing a fire at an early stage
it is disclosed a firefighting robot comprising a robot plat-
form having a double thermal insulation structure with a
cooling system between a first and a second thermal
structure of the double thermal insulation structure, the
first and the second thermal structures each being com-
prised of a material with a low thermal conductivity and
a strong thermal shock resistance with an extinguishing
system platform and an extinguishing system, a driving
camera mounted to a central front portion of the robot
platform, a computing means programmed for the robot
to analyse and fight fires and a remote control device
adapted for controlling the computing means. This fire-
fighting robot neither comprises decontamination sys-
tem.
[0004] The search of PATENTSCOPE, USPTO Patent
Database and ESPACENET did not reveal any patents
or patent-pending applications comprising remote con-
trolled vehicle comprising firefighting and decontamina-
tion subsystems with environmental sampling, nor a sys-
tem with comprising the remote-controlled platform de-
signed for detection (with surveillance, reconnaissance
and survey), identification, monitoring and elimination of
hazards in conditions of chemical, biological, radiologi-
cal, nuclear and explosive threats.
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BRIEF SUMMARY OF THE INVENTION:

[0005] The purpose of this remote-controlled vehicle
for operations in the extreme conditions is operation in
human hazardous environments and operation in ex-
treme environment such as, conditions of open flame and
high temperatures, explosive atmospheres (detection
only), atmospheres with high concentrations of flamma-
ble, explosive, CBR contaminants and toxic industrial
materials and as well as other CBRNe threats and ter-
rorism threats in which responders cannot survive. To
operate such a vehicle there is a complete system com-
prising base vehicle, CBRNe mission module comprising
decontamination and firefighting, front tool with gripper,
rear attachment with manipulator arm, remote control
system, control centre solution, autonomous kit, environ-
mental sensors, CR detectors and sampling system. The
mission module is attached on top of the base vehicle.
The front tool and manipulator arm are attached to the
base vehicle. The sampling subsystem is attached to the
manipulator arm and mission module. System capabili-
ties include firefighting, decontamination, detection,
identification and monitoring in hazardous environments,
obstacle removal and sampling.
[0006] In this invention it is claimed a remote-controlled
vehicle for operations in the extreme conditions charac-
terised it that it comprises a base vehicle, a gripper, a
manipulator arm, a mission module wherein base vehicle
comprises front and rear part, wherein on the front part
of the base vehicle gripper is mounted and on the rear
part of the base vehicle the manipulator arm is mounted
and when in operation, the gripper and the manipulator
arm are remotely operated. Further the vehicle may com-
prise a sampling subsystem, environmental sensors and
computed radiography (CR) detectors wherein the mis-
sion module is attached on top of the base vehicle, the
sampling subsystem is attached partially to the manipu-
lator arm and partially to the mission module, and envi-
ronmental sensors and CR detectors are installed par-
tially on mission module and partially on manipulator arm.
The mission module might comprise a CBRN filter, water
tanks, sprinklers and cooling air intake, wherein sprin-
klers are mounted above the cooling air intake and
wherein when the vehicle in operation water from water
tanks is sprinkled over intake air in cooling air intake.
Further mission module might comprise electrical heat-
ers built inside water tanks wherein the power for the
heaters is provided from the base vehicle. A firefighting
system installed on this vehicle comprises a high pres-
sure water pump, a water cannon and a fire-fighting water
tank and a foam tank positioned at the back of the mission
module, wherein said fire-fighting water tank is equipped
with quick coupling interface for water intake from the
outside source, the water cannon being equipped with
an auto-regulated pressure nozzle with ability to adjust
the shape of the water jet. Also, a decontamination sys-
tem comprises a decontamination emulsion mixer, at
least one decontamination agent container and a tank

positioned at the back of the mission module wherein the
decontamination emulsion mixer a decontamination
agent from decontamination agent container is remotely
controlled. There are multiple decontamination nozzle
network distributed on said mission module wherein,
when claimed vehicle in operation, decontamination
emulsion might be sprayed over the vehicle’s exterior
surfaces. The base vehicle might further comprise a hy-
draulic pump and the gripper comprises rotating jaws,
lights and tool camera wherein the rotating jaws are pow-
ered by the hydraulic pump within the base vehicle and
the gripper further comprises a blade. The manipulator
arm might comprise a swivel stand and three rotational
arms wherein swivel stand provides 360 deg non-contin-
uous rotation and wherein the manipulator arm is hydrau-
lically operated, and in one further embodiment the ma-
nipulator arm comprises a gripper tool attached at the
end of the manipulator arm, wherein the gripper tool is
powered and comprises two additional rotating joints. Al-
so, the manipulator arm might further comprise chemical
warfare agent (CWA) detector, toxic industrial chemicals
(TIC) detector, visual camera, shortwave and longwave
thermal camera, temperature sensor and microphone.
[0007] Concerning firefighting, the system is able to
perform firefighting operations with its firefighting system
and blade-gripper front tool. Decontamination capability
is provided by integration of high-pressure cleaning and
system for applying decontamination liquid. System will
provide support for hand-held decontamination.
[0008] Detection, identification and monitoring in haz-
ardous environments is provided with video system, sen-
sors and CR detectors. The system is able to detect,
monitor and work in atmospheres with reduced oxygen
and is able to detect explosive atmosphere, oxygen and
temperature. Obstacle reduction/removal is possible with
the usage of front tool. The vehicle is able to collect sam-
ples of solid, liquid or gaseous matters. Sampling capa-
bility is performed by gripper attached to the manipulator
arm in the rear of the system. Sampling tubes is carried
in the dedicated container located on the upper rear part
of the mission module. Container is sealed, remotely con-
trolled hatch, secured against accidental opening. Con-
tainer decontamination is done from outside. For sample
analysis, tubes are manually extracted from the contain-
er, stacked in the portable carrier and carried to the lab-
oratory.
[0009] Further, the vehicle is able to move in rough
terrain and is able traverse 35 deg longitudinal incline
and 25 deg side slope incline. The speed to move on
horizontal road is 28 km/h, gross vehicle weight is
planned to be up to 17.000 kg, include water, firefighting
foam and decontaminating powder.
[0010] The system has a hybrid (Diesel-electric) pow-
ertrain. A set comprising a diesel engine, an electric gen-
erator and the most of the cooling system (Power Pack)
is designed to be detachable from the machine and re-
placeable.
[0011] The vehicle is able to operate at full power with
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environmental temperatures of up to 50 °C, and at am-
bient temperatures above 50 °C the vehicle works with
reduced power. At temperatures above 65 °C vehicle us-
es only battery power and with reduced performance for
limited amount of time that temperature rise in compo-
nents allows, further cooling fans are disengaged and
system with dew nozzles are activated.
[0012] Remote control provides data link to and from
the vehicle and video link, from the vehicle, in distance
of 1500 m LOS (line of sight). Remote control system is
divided in three levels:

• Level 1.

+ control of the machine and all of the subsys-
tems of the machine with hand held controller
without integrated video
+ controller displays all feedback data from the
machine needed for the operational use of the
machine

• Level 2.

+ control of the machine through the video case
with the integrated OCU (operator control unit)
+ integrated OCU is implemented with the joy-
sticks enabling operator to operate machine in
full CBRN protective equipment (including rub-
ber gloves)

• Level 3.
+ control of the machine with the use of the command
and control centre (CCC)

[0013] In hazardous environment the vehicle functions
as an autonomous system. The vehicle is capable of do-
ing patrolling, way pointing, returning home and obstacle
avoidance. Obstacle avoidance is based on input from
LIDAR.
[0014] The base vehicle is tracked platform used for
providing mobility and electrical power to various ele-
ments and modules this vehicle consists of and the base
vehicle is usually powered by an electric generator con-
nected to a diesel engine. The system also has recharge-
able energy storage system (RESS). The powertrain of
vehicle is completely electric and consists of two electric
motors, one for each track.
[0015] The base vehicle interior is dived in three sec-
tions, front, middle and rear section. Front section con-
tains hydraulic subsystem, middle section contains bat-
tery pack and electronics and rear section contains pow-
erpack. Front and middle sections are pressurized. Rear
section, containing diesel engine and cooling system is
open to the atmosphere. In order to evacuate water that
might otherwise flood the rear compartment during rain,
washing or sprinkler operation, the rear compartment is
equipped with bilge pump that can be turned on via the
remote control (OCU) or from VCP.

[0016] Hydraulic subsystem provides power for cool-
ing fans, front tool and manipulator arm. The output of
electric drive motor is connected to dual-gear automatic
transmission. The transmission has a high-speed gear
and high-torque gear. The high-torque gear is used in
conditions where higher torque is needed, such as for
example pulling/pushing loads, climbing uphill, going
through muddy terrain, etc.
[0017] The base vehicle is equipped with tracks.
Sprockets, located at the upper rear part of the tracks
are attached to the transmission output. Tensioning
wheels are located at the front upper part of the tracks.
Track tensioning is provided by grease filled cylinders.
Upper part of each track is supported and guided by two
support rollers.
[0018] Damping of the pitch oscillations of the vehicle
is provided by shock absorbers. First two and rearmost
(fifth) pair of road wheels are equipped with shock ab-
sorbers. Further, the base vehicle is also equipped with
slope sensor that measures vehicle roll and pitch angles.
The purpose of this sensor is for both displaying the slope
information to user as well as providing transmission con-
troller with information for the purpose of estimating the
braking forces on a downhill/uphill slope. This information
is used to ensure that the maximum downslope speed is
not exceeded, which equals the maximum power that
can be attained with braking with vehicle maximum mass
on slope.
[0019] Cooling system used in base vehicle is com-
plex, multi-liquid system that is supplying coolants to eve-
ry aspect of machine from power electronics, electric mo-
tors, hydraulics to diesel engine. The diesel engine, elec-
tric generator and most of the cooling system are inte-
grated into a single unit designated the Power Pack. The
Power Pack is designed to be detachable from the ma-
chine and replaceable in workshop. The vehicle is
equipped with onboard charger.
[0020] The vehicle control panel (VCP) is an interface
between user and the machine that conveys important
parameters and machine status to user and also allows
for some machine diagnostics and maintenance. The
screens on VCP are divided into four groups: settings -
used for setting up machine user settings, telemetry, di-
agnostics and maintenance.
[0021] From time to time, regarding on the vehicle us-
age, soot gets accumulated on the exhaust system walls
which deteriorates the effectiveness of the aftertreatment
system. The process of removing the soot from the ex-
haust wall is employed, known as aftertreatment regen-
eration.
[0022] The base vehicle also features warning system
in form of a horn located at the back of the vehicle. In
addition to diesel fuel, diesel engine also requires urea
solution for aftertreatment also known as AdBlue.
[0023] Vehicle needs both hydraulic oil and coolant oil
to function properly. Vehicle also requires coolant fluid
(antifreeze) for operation. Coolant fluid tank is integrated
into coolant system radiators in the back of the vehicle,
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on the Powerpack.
[0024] Gripper with or without a blade is the tool that
is attached to the front of the base vehicle. It will provide
the system with ability to manipulate and remove objects
and obstacles from the operating area and lift and ma-
nipulate heavy loads. It will provide the user with the abil-
ity to use rotating jaws. Gripper is equipped with lights
and tool camera and is powered by a hydraulic pump
within the base vehicle.
[0025] The manipulator arm is attached to the base
vehicle at the rear side, comprising a swivel stand and
three rotational arms. Chemical warfare agents (CWA)
and toxic industrial chemicals (TIC) detector, visual cam-
era, shortwave and longwave thermal camera, temper-
ature sensor and microphone are located on the manip-
ulator arm and on the one rotational arm there are inte-
grated high pressure cleaning system and system for ap-
plying decontamination liquid, wherein water is supplied
from the mission module.
[0026] The manipulator arm provides following tasks:

+ point sensing, data acquisition and distribution with
integrated cameras, sensors and detectors
+ CBR decontamination of facilities, combat and non-
combat techniques and partial self-decontamination
+ CBRe sampling and sample storage
+ performing actions such as opening a door (win-
dow), penetrate through lighter partitions such as
glass, sheet metal and wall made of gypsum plas-
terboard and siporex, etc + extinguishing small fires
independently of the fire system
+ additional irrigation with CBRN decontamination
system when entering the high temperature and
open fire zone
+ automated gripping of sampling tubes from a trans-
port crate and their automatic return to a transport
crate after sampling is completed
+ is used for partial decontamination (high pressure
cleaning and decontaminant spreading) of upper
and side surfaces of the system
+ is able to operate in coordinate mode with automat-
ed joint positioning

[0027] The manipulator arm is able to fold when not in
use in order not to protrude from the system silhouette.
When working in automated mode manipulator arm has
predefined movement between predefined positions.
This is important to avoid system external surfaces and
parts. When not in automated mode the control of the
manipulator arm is manual. In manual mode manipulator
arm is supported visually via video cameras.
[0028] A CBRN mission module (further mission mod-
ule) is usually equipped with 4 eyelets, 2 at the front and
2 at the back of the module, for lifting the module with
crane. Before lifting, all tanks inside the module have to
be emptied.
[0029] The mission module is attachable/detachable
to/from the base vehicle. A crane has to be used to po-

sition the mission module on top of the base vehicle. After
positioning, the mission module must be secured with
bolts on all 4 connecting points. In order to transfer the
energy from the base vehicle 2 power cables must be
connected at the front right end of the vehicle. The mis-
sion module is detached from the base vehicle in reverse
order. Further the mission module is equipped with sprin-
klers mounted above the cooling air intake wherein sprin-
klers are used for intake air cooling and decontamination
[0030] There is an option for mission module for user
to activate prevention of entrance of contaminated at-
mosphere via operator control unit (OCU) so the contam-
inated atmosphere cannot enter into the system.
[0031] The mission module might have electrical heat-
ers built inside water tanks to prevent freezing of the wa-
ter while the vehicle is exposed to water freezing tem-
peratures. Further the mission module might be equipped
with a firefighting system comprising a water tank, a foam
tank, an appropriate quick coupling interface for water
intake from the outside source (hydrant, tank trailer, lake
or other water sources), a water cannon and a high-pres-
sure water pump. The firefighting system is remotely con-
trolled via OCU with an option of fire fighting with water
or water/foam mixture with a different foam dosage. The
mission module might be equipped with appropriate in-
terfaces (fast couplings) for transferring high pressure
water to the manipulator arm and hand-held high-pres-
sure water gun. The high-pressure water system for ma-
nipulator arm is remotely controlled via OCU, while the
hand-held high-pressure water gun is enabled via OCU
and then activated via VCP. Both systems can work si-
multaneously or separately.
[0032] Operator is able to turn on self-protection from
the OCU. Water for self-protection is supplied from the
main water tank and is functional as long as it is not turned
off, or all the water has been used. OCU alarms the op-
erator if any of the external ambient temperature sensors
reads previously set temperature level. Alarm might be
in the form of warning message and warning sound.
IRI_HMI software (part of Command-and-control Centre
solution) has functionality to warn the operator by sound,
show the measured value and position of the sensor on
the graphical interface and log the data.
[0033] Self-protection system includes an option of in-
jecting water spray in the air intake of the base vehicle
cooling system for additional heat dissipation. This func-
tionality can be (de)activated simultaneously with self-
protection from high temperature or (de)activated sepa-
rately from it.
[0034] Further mission module is equipped with a de-
contamination system comprising a tank positioned at
the back of the mission module, with remotely controlled
decontamination emulsion mixer, at least 2 additional
doses of decontamination agent mounted on the mission
module with a remotely controlled system for adding it to
the decontamination tank. Further, the decontamination
system might involve multiple separate systems that can
work independently. Those systems include: partial self-
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decontamination, decontamination with manipulator arm
at the back of the vehicle, decontamination of the hori-
zontal surfaces at the front of the vehicle, decontamina-
tion with shower at the back of the vehicle, decontami-
nation with portable shower and hand-held decontami-
nation gun. The showers and the hand-held decontami-
nation gun are enabled via OCU and then can be acti-
vated via VCP, while all the rest of the system is remotely
controlled via OCU only. The decontamination system
might have built-in heater that can heat up the decon-
tamination emulsion. The fuel level of the heater tank is
remotely monitored and the heater itself remotely con-
trolled via OCU. The heater is remotely controlled and
can be activated during vehicle operation. Partial self-
decontamination system comprises multiple decontam-
ination nozzle network distributed on the mission module
that can decontaminate the surface of the vehicle that is
inaccessible for partial self-decontamination with manip-
ulator arm. In combination with manipulator arm, decon-
tamination nozzle network can decontaminate most of
the vehicle’s surface except the water cannon stand and
the front tool which is decontaminated with hand held
decontamination gun plugged to the mission module in-
terface. The mission module is equipped with appropriate
interfaces (fast couplings) for transferring decontamina-
tion emulsion to the manipulator arm and hand-held de-
contamination gun. Partial self-decontamination with ma-
nipulator arm is an automated process that only requires
remotely controlled activation/deactivation from the user.
Two automatic mods are present: partial self-decontam-
ination of the vehicle tracks and partial self-decontami-
nation of the vehicle outer shell.
[0035] The partial self-decontamination process im-
plies washing with high pressure water and dispersing
the surface with the decontamination emulsion. Decon-
tamination of the horizontal surfaces is a part of the de-
contamination system that is mounted on the front tool
of the vehicle. The mission module is equipped with ap-
propriate interfaces (fast couplings) for transferring de-
contamination emulsion to the front tool. Beside the par-
tial self-decontamination, the manipulator arm is able to
decontaminate buildings, fortifications and military/civil-
ian machinery.
[0036] Decontamination system includes decontami-
nation of the gear and clothing of the first response team
with mounted shower at the back of the vehicle. Also,
portable shower can be mounted at the safe distance
from the vehicle and plugged to the appropriate interface
(same coupling as the hand-held decontamination gun)
for decontamination of the personnel. Both systems can
be activated individually or at the same time.
[0037] The powertrain space has an air filtration sys-
tem located on the upper surface as a protection against
contamination. Control of this vehicle and all of the sub-
systems is with hand held controller without integrated
video. Hand held controller will display all feedback data
from the vehicle needed for the operational use of it. Con-
trol of this vehicle is via the command-and-control centre

(CCC) by remote control.
[0038] Remote control system provides possibility to
control the base vehicle, gripper, movement of the fire-
fighting monitor, manipulator arm, firefighting system
functions, decontamination system functions, camera
system functions, mission module, power pack, autono-
my and detection.
[0039] Remote Control system has an ability to display
data about base vehicle, gripper, manipulator arm, fire-
fighting system functions, decontamination system func-
tions, camera system functions, mission module, power
pack, autonomy and detection.
[0040] Environmental sensorics and detection is divid-
ed in to point and ambient detection.
[0041] Claimed vehicle is able to collect samples of
solid, liquid or gaseous matters. This is done by gripper
tool. The sampling tubes are carried in the dedicated con-
tainer located on the rear upper part of the mission mod-
ule. The container is hermetically sealed and decontam-
ination resistant.
[0042] Sampling procedure is automated in a way that
a container lid opens and arm ia positioned to take par-
ticular sampling tube. The manipulator arm is manually
controlled to the sampling place and during the sampling
procedure. After sample is collected, contained in the
tube, arm will return the tube into the bin and bin lid is
closed.
[0043] The sampling system integrates:

• gas, aerosol and dust sampling tubes
• sampling tubes for liquid samples
• solid sample sampling tubes

[0044] The sampling system works as follows:

- the gas, aerosol and dust sampling tube consist of
a housing and an electric motor with a blower to gen-
erate pressure; electronic tube operation control;
sets of sample adsorption filters (cellulose filter, sil-
icate filter and activated carbon filter) and outlet
valves on the side of the housing and the bottom of
the tube with the inlet valve. The lower part is de-
tachable from the upper case. It operates on the prin-
ciple of blower creating flow through the valve and
the adsorption of the sample on the filters.

- the sampling tube for liquid samples consists of a
housing and an electric motor with electronic tube
operation control; reducer of electric motors; injector
for the injection of fluid and the lower part of the tube
with the inlet valve which is the sample carrier. The
lower part is detachable from the upper case. It op-
erates on the principle of pressure generated by the
injector, and upon completion of sampling, the inlet
valve immobilizes the sample between the top piston
of the injector and the inlet.

- solid sample sampling tube consists of a housing
and an electric motor with electronic tube operation
control; reducer of electric motors; roller shafts and
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drill bits with pockets inside the roller to hold and hold
the bulk and solid specimen; the lower part of the
tube with the lid at the end for sealing the sample
tube. The lower part is detachable from the upper
case. It operates on the principle of a rotary drill that
drills and takes a sample, and the lower part of the
tube moves upwards by pressing o the sample and
opens the drill - drill, and after completion, by spring
action returns to the basic position and closes the
tube.

[0045] The container for housing the sampling tubes
is intended to safely store the sampling tubes. It is located
on the upper part of the superstructure, fastened to the
superstructure, and the tubes in the crate are secured
with supports.
[0046] After sampling is completed, and after external
decontamination (partial self-decontamination) of the
container, tubes are removed from the container and
transported to the laboratory. The capacity of the crate
is 3 x 3 tubes, of which three tubes can be used to take
a reference sample outside the contaminated area.
[0047] Upon sampling task, the operator puts the ro-
botic arm into mode for autonomously taking the tube
from the crate after selecting the type of sample. After
the tube is taken autonomously, the operator manipu-
lates the robotic arm and brings the tube to the sampling
point, and upon sampling, returns the robot arm to the
mode for autonomously storing the tube in the crate.
[0048] The control centre being part of the system is
implemented as the set of graphical user interfaces, vid-
eo displays, machine operator work place and command-
er work place wherein appropriate hardware is used for
the communication and recording function. The meteor-
ological station also might be the part of control centre.
Some typical functions and displays present in the control
centre are:

1) Display with telemetry from the machine
2) Display with video feedback from the machine
3) Display with user interface for H3D Radiological
Imager
4) Display for geographic information system
5) Display for images from the LIDAR
6) Display for commander PC

DESCRIPTION OF THE DRAWINGS:

[0049] The accompanying drawings, which are re-
ferred to in the description and which form a part of the
description, illustrate the best invention embodiment and
help explain the basic principles of the invention.

Figure 1. shows the remote-controlled vehicle for op-
erations in the extreme conditions
Figure 2. shows enlarged view of the gripper
Figure 3. shows rear view of the remote-controlled
vehicle for operations in the extreme conditions

Figure 4. shows Power Pack and Base Vehicle
Figure 5. shows system overview
Figure 6. shows the base vehicle control units
Figure 7. shows macro operator control unit-top view
Figure 8. shows macro operator control unit-front
view
Figure 9. shows gas sampling tube
Figure 10. shows liquid sampling tube
Figure 11. shows solid sampling tube

A LIST OF REFERENCE SIGNS USED IN THE DRAW-
INGS

[0050]

10- remote-controlled vehicle for operations in the
extreme conditions
100- base vehicle
110- base vehicle front part
120- base vehicle rear part
200 - gripper
300 - manipulator arm
400 - Power Pack

DETAILED DESCRIPTION OF AT LEAST ONE WAY 
OF CARRYING OUT THE INVENTION

[0051] The base vehicle 100 is a welded metal struc-
ture made of steel sheets and profiles. For power is used
a Teledyne electric generator connected to a diesel en-
gine with expected generator power of approx. 180 kW.
Also, a rechargeable energy storage system (RESS) is
employed comprising LiFePO4 battery packs with total
energy capacity of around 92 kWh. There are two electric
motors, one for each track, with combined peak power
of up to 360 kW. The base vehicle 100 comprises base
vehicle front part 110 and base vehicle rear part 120.
Base vehicle interior is constructed in a way it is dived in
three sections: front, middle and rear section. In the front
section is hydraulic subsystem, in middle section is bat-
tery pack and electronics and in the rear section is pow-
erpack. Front and middle sections are pressurized and
isolated from the outside atmosphere.
[0052] A bilge pump is placed in the rear section and
it can be turned on manually by the user or via the remote
control (OCU) or from VCP with the function to evacuate
water that might otherwise flood the rear compartment
during rain, washing or sprinkler operation.
[0053] Hydraulic subsystem provides power for cool-
ing fans, front tool and manipulator arm, and is arranged
so that in typical embodiment it delivers 70 kW at 275
bars. The output of electric drive motor is connected to
dual-gear automatic transmission. The transmission is
with a high-speed gear and high-torque gear. The high-
speed gear allows the maximum speed the vehicle can
achieve at 28 km/h. Maximum force produced by vehicle
in high-torque mode typically is over 150 kN, but its speed
is limited to 14 km/h
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[0054] The base vehicle 100 is equipped with tracks
and typically each track consists of 65 steel track shoes
with rubber pads. Base vehicle undercarriage is
equipped with 5 independently suspended road wheels
on each side.
[0055] Suspension is of torsion bar type with transver-
sal torsion bars for each road wheel. Sprockets are lo-
cated at the upper rear part of the tracks are attached to
the transmission output. Tensioning wheels are located
at the front upper part of the tracks. Track tensioning is
provided by grease filled cylinders. Upper part of each
track is supported and guided by two support rollers.
Damping of the pitch oscillations of the vehicle is provided
by shock absorbers. First two and rearmost (fifth) pair of
road wheels are equipped with shock absorbers.
[0056] Further, the base vehicle 100 is equipped with
slope sensor that measures vehicle roll and pitch angles.
Base vehicle’s cooling system is designed to operate at
ambient temperatures up to 50 °C without power reduc-
ing or up to 65 °C with reduced power. Cooling system
is complex, multi-liquid system that is supplying coolants
to every aspect of machine from power electronics, elec-
tric motors, hydraulics to diesel engine. The cooling sys-
tem has two high performance, hydraulically powered
axial fans for forcing substantial air flow through coolant
radiators.
[0057] The cooling system is split into two sections,
each with its own set of radiators and its own fan. In order
to minimize the power consumption of the cooling sys-
tem, which can go up to 80 kW, the sections are designed
in such a way that one section is needed only when the
diesel engine is running, while the other is necessary to
run at all times.
[0058] The diesel engine, electric generator and most
of the cooling system are integrated into a single unit
(Power Pack) 400 arranged so it is detachable from the
machine and replaceable in workshop.
[0059] The base vehicle has gripper tool in front and
manipulator arm 300 back attachment to which it supplies
24V, CAN bus for control and hydraulic power. Base ve-
hicle has top side interface for MM with high voltage DC
electrical power, 24V DC auxiliary power and CAN buses
for control.
[0060] Back of the machine has two user panels. Left
panel is fitted with Vehicle Control Panel (VCP), start/stop
button, emergency stop button, diagnostic connector,
connector for wired control. The right panel is fitted with
High-voltage main fuses, charger connector and NATO
AUX power supply connector.
[0061] High-voltage main fuses are of MSD type (Man-
ual Service Disconnect) meaning they have dual pur-
pose. Primary purpose is protection of the battery pack
from high currents in excess of 630A. Secondary purpose
is to allow manually disconnecting the battery pack high
voltage from rest of the system in case of maintenance.
[0062] The vehicle is equipped with onboard charger
with maximum charging power of 22 kW. Charging is
done via standard IEC62196 EV charging socket. The

socket is CCS (Combined Charging Standard) socket
meaning it features both the AC and fast DC charging
pins. Vehicle is designed to be able to charge from stand-
ard AC grid systems (220V/50Hz single phase and three
phase, 110V/60Hz single and three phase). In case fast
charging is necessary, vehicle is able to enter special
mode where it utilizes diesel generator to charge the bat-
tery in 60 min. This mode is activated by the user via
VCP or OCU.
[0063] To remove the soot from the exhaust wall re-
generation process is employed with predefined levels
of the exhaust system clogging in the range from 0 to 5
(ZONE 0-5), where 0 means no clogging while 5 is clog-
ging level where diesel operation is not possible without
regeneration. Regeneration should start at the time of
earliest convenience starting from ZONE 2. Information
regarding the aftertreatment status is available via indi-
cators present on both the VCP and OCU. This after-
treatment regeneration procedure can also be initialized
from both VCP and remote control by pressing a button
in the maintenance screen. It is programmed so that the
aftertreatment regeneration can only be done in IDLE
vehicle state, while the vehicle is guaranteed to be sta-
tionary. During the aftertreatment regeneration no other
action can be performed on the machine, such as moving,
tool operation, charging, etc. User should ensure that no
persons are in the vicinity of the exhaust system since
the exhaust temperatures can rise to even greater values
than in normal engine operation.
[0064] Start/stop button powers ON the base vehicle.
After power-up the machine goes to IDLE state. In IDLE
state the power system supplies auxiliary low-voltage to
all of the systems and high-voltage to generator inverters
and traction motor inverters. High-voltage is supplied to
rest of the system when the machine is in OPERATION-
AL state. The machine transitions into OPERATIONAL
state when user presses the START button on either the
base vehicle (VCP) or the remote controller and if no
critical errors are pressed.
[0065] The base vehicle has following states that de-
termine actions that it can perform:

• OFFLINE state - This is state where vehicle is un-
powered. Both the high and low voltage busses are
not connected to vehicle electronics. The powering
of the vehicle is started by pressing the
START/STOP button. In order for vehicle to power
up aux, battery voltage must be present.

• IDLE state - This is the state that is entered when
user presses the START/STOP button on unpow-
ered vehicle. In this state the machine subsystems
receive aux 24V power, but not high-voltage, with
the exception of the battery charger and 700V/24V
DC/DC converter. In this state the user can check
machine state and read and set system parameters.
Control of the machine movement, tools and mission
module tools is not possible. In order to go to OP-
ERATIONAL state user must issue a command via
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either VCP or OCU.
• OPERATIONAL state - In this state the machine driv-

etrain and tools become operational. The machine
can be thought of as being fully turned ON at this
point. Every high-voltage DC bus becomes active
after a few seconds of pre-charge procedure. In this
mode user can fully control vehicle if the selected
operating mode and hybrid mode allow it.

• CHARGING state - In this state vehicle has 24V pow-
er and high voltage is provided only for battery charg-
er and 700V/24V DC/DC converter. The vehicle is
being charged and no movement of vehicle is pos-
sible. Only CRANE and STATIONARY operation
modes are possible in this state.

• ERROR state - In case any critical error occurs or
user presses any of emergency stop buttons the ve-
hicle transitions into this state. In this state every high
voltage bus is disabled and parking brake is activat-
ed. Exiting this state is only possibly with powering
OFF of the base vehicle.

[0066] Emergency stop button cuts power to all safety
critical devices, i.e., devices whose continued operation
might cause harm or damage to property.
[0067] These might include:

• Traction motor inverters
• Generator inverter
• Battery pack contactors
• Hydraulic pump inverter
• Payload high voltage

[0068] In addition to cutting power to mentioned sys-
tems, emergency stop also does the following:

• Activates parking brake by deactivating power sup-
ply of the brakes’ hydraulic valve

• Sends a signal to TRCU to activate mechanical
brakes

• Sends a signal to MBCU to go to EMERGENCY state

[0069] The base vehicle might comprise a warning sys-
tem realised with a horn located at the back of the vehicle.
The horn is activated manually by the user and automat-
ically by the vehicle electronics in case faults are detected
in machine’s operation. These include:

• Emergency stop switches activated
• High-voltage isolation breach
• Powertrain error
• System overtemperature

[0070] The inlets for both diesel fuel and AdBlue are
located on the left side of the machine behind a remov-
able panel. The coolant oil inlets are located on the oil
tanks in the Power Pack 400 in the rear compartment of
the base vehicle. Coolant fluid tank is usually integrated
into coolant system radiators in the back of the vehicle,

on the Powerpack.
[0071] Base vehicle 100 usually has 4 auxiliary 12V
batteries for supplying power during vehicle power-on,
while the high voltage DCDC is not yet powered. Auxiliary
batteries are also primary source of electrical power for
diesel engine starter. Due to this, in case aux batteries
are drained, power-up of the vehicle will not be possible
without external power via NATO AUX socket. These
auxiliary batteries are accessible within the panel on the
right side of the vehicle.
[0072] In case the vehicle needs be towed the vehicle
parking brake will need to be released. If electrical and
subsequently the hydraulic power is not available, base
vehicle features manual hydraulic pump for releasing the
parking brake. Manual pump is located inside the panel
on the left rear side of the vehicle.
[0073] In one embodiment the gripper 200 is with a
blade and is attached to the front of the base vehicle. It
uses rotating jaws and has lift capability of up to 2.000
kg. Gripper is equipped with lights and tool camera and
is powered by a hydraulic pump within the base vehicle.
[0074] The manipulator arm 300 is positioned in the
rear of the system, attached to the base vehicle. It com-
prises a swivel stand and three rotational arms. The swiv-
el stand provides 360 deg non-continuous rotation. The
manipulator arm is hydraulically operated. Energy for the
manipulator arm is supplied from the base vehicle. The
manipulator arm is detachable from the base vehicle. Hy-
draulic connection with the base vehicle and connection
with the tool is equipped with hydraulic quick couplings.
Hydraulic blocks are located on the manipulator arm. At
the end of manipulator arm is attached special powered
gripper tool comprising two additional rotating joints. Fur-
ther on the manipulator arm are installed chemical war-
fare agents (CWA) and toxic industrial chemicals (TIC)
detector, visual camera, shortwave and longwave ther-
mal camera, temperature sensor and microphone. On
the one rotational arm is integrated high pressure clean-
ing system and system for applying decontamination liq-
uid. Water for high pressure cleaning and decontamina-
tion liquid is supplied from the mission module.
[0075] The manipulator arm 300horizontal reach is 5
m, vertical reach for sampling is 7 m (height from ground
level), also manipulator arm is able to decontaminate
(from above) surfaces located up to 3,4 m above ground
level, has a gripping tool with ability to grab objects with
diameter up to 150 mm and lifting capacity up to 50 kg
and manipulating capacity up to 25 kg.
[0076] Manipulator arm 300 is arranged so it collects
samples of solid, liquid or gaseous matters what is per-
formed by gripper tool. Sampling tubes are placed in the
dedicated container located on the rear upper part of the
mission module. Typically, container carries nine sam-
pling tubes (three for each aggregate type of samples)
and container is hermetically sealed and decontamina-
tion resistant.
[0077] Sampling procedure is automated in a way that
a container lid opens and arm is positioned to take par-
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ticular sampling tube. After sample is collected, con-
tained in the tube, arm will return the tube into the bin
and bin lid is closed.
[0078] The mission module is attachable/detachable
to/from base vehicle via 4 connecting points, 2 at the front
and 2 at the back of the module. After positioning, the
mission module is secured with bolts on all 4 connecting
points. Further the mission module is equipped with
sprinklers mounted above the cooling air intake.
[0079] In one further embodiment user can activate
prevention of entrance of contaminated atmosphere via
operator control unit (OCU). When this mode is activated
then the contaminated atmosphere cannot enter into the
system, both base vehicle without engine compartment
and the mission module. Air intake is filtered by CBRN
filtration system that at the same time provides the nec-
essary over-pressure. Before the vehicle enters the area
with contaminated atmosphere, the user has to install
CBRN filter in the filtration system. The lifetime of the
CBRN filter is determined by the air pressure drop across
it. When the pressure reaches a predetermined value,
the filter is considered ready for replacement. CBRN fil-
tration system measures this pressure drop and provides
warning message on the OCU as it is approached.
[0080] In one embodiment the mission module might
have electrical heaters built inside water tanks to prevent
freezing of the water while the vehicle is exposed to water
freezing temperatures. The power for the heaters is pro-
vided from the base vehicle.
[0081] Further the mission module might be equipped
with a firefighting system typically with following charac-
teristics:

- the firefighting system has a 1700 1 water tank and
400 1 foam tank positioned at the back of the mission
module. In addition to water tank, the mission module
is equipped with appropriate quick coupling interface
for water intake from the outside source (hydrant,
tank trailer, lake or other water sources)

- water cannon with 2000 1/min flow rate, 6185° hor-
izontal rotation, -45°/+90° vertical rotation and water
range of 55 m (45 m with foam) is mounted on the
stand positioned at the front end, outside of the mis-
sion module, this water cannon is equipped with an
auto-regulated pressure nozzle with ability to adjust
the shape of the water jet

- the system is remotely controlled via OCU with an
option of fire fighting with water or water/foam mix-
ture with a foam dosage of 1%, 3% and 6%.

- high pressure water pump is also a part of the fire-
fighting system. The pump has a flow rate of 52 1/min
and 150 bar working pressure. The mission module
is equipped with appropriate interfaces (fast cou-
plings) for transferring high pressure water to the ma-
nipulator arm and hand-held high-pressure water
gun. The high-pressure water system for manipula-
tor arm is remotely controlled via OCU, while the
hand-held high-pressure water gun is enabled via

OCU and then activated via VCP. Both systems can
work simultaneously or separately.

- as a part of the firefighting system CBRN mission
module will have an option of self-protection against
the high ambient temperature with water sprinkler
system. Self-protection will remain functional even
in case of individual nozzle malfunction.

[0082] Water for self-protection is supplied from the
main water tank and is available as long as it is not turned
off, or all the water has been used. OCU alarms the op-
erator if any of the external ambient temperature sensors
reads 65°C.
[0083] Alarm might be in the form of warning message
and warning sound. IRI_HMI software (part of Command-
and-control Centre solution) has functionality to warn the
operator by sound, show the measured value and posi-
tion of the sensor on the graphical interface and log the
data.
[0084] Self-protection system includes an option of in-
jecting water spray in the air intake of the base vehicle
cooling system for additional heat dissipation. This func-
tionality can be (de)activated simultaneously with self-
protection from high temperature or (de)activated sepa-
rately from it.
[0085] Further mission module is equipped with a de-
contamination system typically with following character-
istics:

- decontamination system has a 600 1 tank positioned
at the back of the mission module, with remotely con-
trolled decontamination emulsion mixer. Besides
that, 2 additional doses of decontamination agent
are mounted on the mission module with a remotely
controlled system for adding it to the decontamina-
tion tank

- decontamination system involves multiple separate
systems that can work independently. Those sys-
tems include: partial self-decontamination, decon-
tamination with manipulator arm at the back of the
vehicle, decontamination of the horizontal surfaces
at the front of the vehicle, decontamination with
shower at the back of the vehicle, decontamination
with portable shower and hand-held decontamina-
tion gun. The showers and the hand-held decontam-
ination gun are enabled via OCU and then can be
activated via VCP, while all the rest of the system is
remotely controlled via OCU only.

- the decontamination system has a built-in heater that
can heat up the decontamination emulsion up to
35°C. The fuel level of the heater tank is remotely
monitored and the heater itself remotely controlled
via OCU. The heater is remotely controlled and can
be activated during vehicle operation.

- partial self-decontamination system implies multiple
decontamination nozzle network distributed on the
mission module that can decontaminate the surface
of the vehicle that is inaccessible for partial self-de-
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contamination with manipulator arm. In combination
with manipulator arm, decontamination nozzle net-
work can decontaminate most of the vehicle’s sur-
face except the water cannon stand and the front
tool which is decontaminated with hand held decon-
tamination gun plugged to the mission module inter-
face. The mission module is equipped with appro-
priate interfaces (fast couplings) for transferring de-
contamination emulsion to the manipulator arm and
hand-held decontamination gun. Partial self-decon-
tamination with manipulator arm is an automated
process that only requires remotely controlled acti-
vation/deactivation from the user. Two automatic
modes are present: partial self-decontamination of
the vehicle tracks, partial self-decontamination of the
vehicle outer shell.

- the partial self-decontamination process implies
washing with water from 20 - 130 bar of water pres-
sure (necessary only if the surface is dirty or greasy)
and dispersing the surface with the decontamination
emulsion from 300 - 780 1/h.

- Decontamination of the horizontal surfaces is a part
of the decontamination system that is mounted on
the front tool of the vehicle. The mission module is
equipped with appropriate interfaces (fast couplings)
for transferring decontamination emulsion to the
front tool. Technical characteristics of decontamina-
tion of the horizontal surfaces include washing with
water from 20 - 130 bar of water pressure (necessary
only if the surface is dirty or greasy) and dispersing
the surface with the decontamination emulsion from
300 - 780 1/h. Max vehicle speed, while decontam-
inating the horizontal surfaces, is 2 - 3 km/h and the
minimum width of the decontamination trail is 2.3 m.

- beside the partial self-decontamination, the manip-
ulator arm is able to decontaminate buildings, forti-
fications and military/civilian machinery. The proc-
ess includes washing with water from 20 - 130 bar
of water pressure (necessary only if the surface is
dirty or greasy) and dispersing the surface with the
decontamination emulsion from 300 - 780 1/h.

- decontamination system includes decontamination
of the gear and clothing of the first response team
with mounted shower at the back of the vehicle. Also,
portable shower can be mounted at the safe distance
from the vehicle and plugged to the appropriate in-
terface (same coupling as the hand-held decontam-
ination gun) for decontamination of the personnel.
Both systems can be activated individually or at the
same time.

- powertrain space has an air filtration system located
on the upper surface as a protection against con-
tamination

- after return from work in contaminated area the pow-
ertrain space will have to be decontaminated

[0086] Control of this vehicle and all of the subsystems
is with hand held controller without integrated video.

Hand held controller will display all feedback data from
the vehicle needed for the operational use of it. Control
of this vehicle is implemented with the use of the com-
mand-and-control centre (CCC). Remote Control system
provides possibility to control the base vehicle, gripper,
movement of the firefighting monitor, manipulator arm,
firefighting system functions, decontamination system
functions, camera system functions, mission module,
power pack, autonomy and detection.
[0087] The gas, aerosol and dust sampling tube com-
prises a housing and an electric motor with a blower,
electronic tube operation control, sets of sample adsorp-
tion filters (cellulose filter, silicate filter and activated car-
bon filter) and outlet valves on the side of the housing
and the bottom of the tube with the inlet valve. The lower
part is detachable from the upper case. The tube is pro-
grammed and the filters are capacitated to filter from 0.5
m3 to 1 m3 atmosphere.
[0088] The sampling tube for liquid samples comprises
a housing and an electric motor with electronic tube op-
eration control, an electric motor gear, injector for the
injection of fluid and the lower part of the tube with the
inlet valve which is the sample carrier. The lower part is
detachable from the upper case. Possible amount of liq-
uid sample is up to 50 ml.
[0089] Solid sample sampling tube comprises a hous-
ing and an electric motor with electronic tube operation
control, an electric motor gear, roller shafts and drill bits
with pockets inside the roller to hold and hold the bulk
and solid specimen, the lower part of the tube with the
lid at the end for sealing the sample tube. The lower part
is detachable from the upper case.
[0090] The container for housing the sampling tubes
is located on the upper part of the superstructure, fas-
tened to the superstructure, and the tubes in the crate
are secured with supports. Usual capacity of the crate is
3 x 3 tubes, of which three tubes can be used to take a
reference sample outside the contaminated area.
[0091] The whole system is arranged so that upon
sampling task, the operator puts the robotic arm into
mode for autonomously taking the tube from the crate
after selecting the type of sample. After the tube is taken
autonomously, the operator manipulates the robotic arm
and brings the tube to the sampling point, and upon sam-
pling, returns the robot arm to the mode for autonomously
storing the tube in the crate.
[0092] In one embodiment, the control centre is imple-
mented as set graphical user interfaces, video displays,
machine operator work place and commander work
place. Hardware is used for the communication and re-
cording function and for the meteorological station that
might be the part of control centre.
[0093] Typically, the following are the monitors and
function that control centre consist of:

1) Display with telemetry from the machine

- Function of this display is to provide GUI for the
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data that machine sends back to the CCS.
Those data consist of telemetry from the ma-
chine with attached tools and data from the en-
vironmental sensors and detectors on the ma-
chine. To assist operator and commander with
processing data that comes with the machine,
dedicated software is developed (IRI_HMI).

- IRI_HMI GUI will consist of 3D model of the ma-
chine with attached manipulator arm and read-
ings from the environmental sensors and telem-
etry. To assist operator with processing of this
data 3D model will present actual position of the
machine (pitch and roll; data from the INS) and
alarms if the feedback from the sensors exceeds
alarm levels.

2) Display with video feedback from the machine

- This display shows the feedback from the Dok-
ing Rev.D Video system with PiP function.

3) Display with user interface for H3D Radiological
Imager
Function of this display is to provide user interface
and image from the Radiological Imager. User inter-
face is in a form of web page provided by the sensors
itself.
4) Display for QGIS (Geographic information sys-
tem)
QGIS is used to present position of the machine on
the map, position of the detections and as input in-
terface for the autonomous driving
5) Display from Velodyne view (image from the
LIDAR)
Display will show Velodyne view picture
6) Display for commander PC. This PC is for the
purpose of the commander officer. PC has connec-
tion to the internet, SW for readings from the metro-
logical station and prediction software.

[0094] In one further embodiment the vehicle provides
trailer towing capability in a way that the vehicle is
equipped with towing hook, max. mass of wheeled trailer
is approx. 7 tons, max. vehicle speed would be approx.
10 km/h, vehicle is not allowed to move backwards and
to turn on spot and there is no interface (electrical,
pneumatic, ...) toward trailer. The base vehicle is
equipped with hydraulic power pack and with tracks, each
road wheel is independently suspended. The vehicle is
equipped with working and parking brakes, usually brak-
ing deceleration is up to 5 m/s2, parking brakes are of
negative type.
[0095] The vehicle is capable to traverse water obsta-
cles and is able to wade through 0,6 m deep water. The
CBR resistance of the vehicle is provided by an over-
pressure system with filtration. Due to the necessity of
using the surrounding atmosphere, powertrain (with Die-
sel engine and cooling system) is excluded from CBR

contamination resistance. Also, powertrain is excluded
from partial self-decontamination but powertrain space
has separate air filtration.
[0096] If the mission module is detached from the base
vehicle, it will only be possible to drive the base vehicle
over the wire connection, with no additional information
from the base vehicle. The base vehicle has any wireless
communication module, it only requires external module
for control which can either be a part of mission module
(MM) or in case of no MM, a standalone control kit at-
tached at the top of the vehicle or over a wired connection.
[0097] The vehicle is capable to detect explosive at-
mosphere and is able to detect and work in a reduced
oxygen and oxygen free atmospheres.
[0098] In one further embodiment the front tool is de-
signed as blade with the gripper and is hydraulically op-
erated. The gripper might have continuous 360 rotation
and regulated gripper pressure, does have 2.000 kg lift-
ing capacity and 15 kN of gripping force and is equipped
with lights and video system.
[0099] The rear tool is designed as detachable manip-
ulator arm wherein arm is designed to provide sampling,
detection and decontamination. For detecting there are
integrated CWA and TIC detector, visual camera, short-
wave and longwave thermal camera, temperature sensor
and microphone.
[0100] Decontamination capability is provided by inte-
gration of high-pressure cleaning and system for applying
decontamination liquid. Gripping tool has ability to grab
objects with diameter up to 150 mm with lifting capacity
up to 50 kg and manipulating capacity up to 25 kg.
[0101] In one further embodiment it is possible to im-
plement autonomous control subsystem for controlling
the base vehicle autonomously. It is designed as a mod-
ular system. The autonomous control subsystem con-
sists of a control unit and sensors. Implemented functions
are:

• Return home
• Waypoint following
• Patrolling
• Spatial mapping using LIDAR
• Cartography in GPS-denied areas
• Obstacle avoidance

[0102] Sensors used are GPS, 3D LIDAR and Inertial
Measurement Unit (IMU)
[0103] User is able to select in QGIS software a list of
waypoints that the vehicle is supposed to reach autono-
mously. Due to possible high noise and drift in the GPS
data, the waypoints are selected in global (GPS) coordi-
nates while the navigation control loop will use local
odometry and IMU.
[0104] Prerequisites for this function are that GPS has
localization accuracy is under 1m, IMU is present on the
vehicle and the user must secure that there are no ob-
stacles within 10 m of every waypoint. Equipment nec-
essary for GPS way pointing function is GPS, IMU, nav-
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igation computer running ROS, computer running QGIS
software and IP link between computers
[0105] For GPS patrolling user is able to select in QGIS
software a list of waypoints that the vehicle is supposed
to patrol along autonomously. Additionally, QGIS will
store a waypoint of path travelled by the control of the
operator and provide ability to use it as patrolling route.
Prerequisites for this function are GPS has localization
accuracy under 1m, IMU is present on the vehicle and
the user must secure that there are no obstacles on
straight line paths between two adjacent waypoints.
Equipment necessary for GPS way-pointing function is
GPS, IMU, navigation computer running ROS, computer
running QGIS software and IP link between computers
[0106] With LIDAR Spatial Cartography user is able to
obtain 3D point-cloud from the Velodyne LIDAR sensor.
The point cloud is displayed on VeloView software run-
ning on computer that is part of Level-3 hardware of re-
mote-control system.
[0107] Prerequisites for this function is IP link is present
between the vehicle and control centre that has high
enough throughput for LIDAR data and there is a follow-
ing equipment necessary for GPS way pointing function:
Velodyne LIDAR, computer connected to LIDAR on-
board vehicle, computer running Veloview software and
IP link between computers.
[0108] In relation to the LIDAR Spatial Cartography in
GPS-denied areas, the vehicle is able to obtain 2.5 D
map using LIDAR that vehicle can use for obstacle avoid-
ance. 2.5 D is actually "Occupancy Gridmap", where area
is split into small predefined grids with occupancy value
that corresponds to the highest obstacle in that grid area.
This function uses odometry and IMU for localization.
Resulting map is displayed on custom software running
on computer that is part of Level-3 hardware of remote-
control system. Prerequisites for this function is that ter-
rain on which the vehicle is moving is flat
[0109] Equipment used for LIDAR Spatial Cartography
in GPS-denied areas is Velodyne LIDAR, IMU, computer
connected to LIDAR onboard vehicle, navigation com-
puter running ROS, computer running visualization soft-
ware and IP link between computers.
[0110] Upon loss of communication and if enabled by
user input, the vehicle will attempt to return to the last
known point with established communication link. To per-
form this home return function, it is required that the ter-
rain on which the vehicle is moving is flat, GPS has lo-
calization accuracy under 1m, IMU is present on the ve-
hicle and user must secure that there are no obstacles
on straight line paths between two adjacent waypoints.
The necessary equipment for return home function is
GPS, IMU, navigation computer running ROS, computer
running QGIS software and IP link between computers.
[0111] Control subsystem implemented to the base ve-
hicle comprises following control units:

• Mobile Base Control Unit (MBCU)
• Hybrid system Control Unit (HCU)

• Transmission Control Unit (TRCU)
• Thermal Control Unit (THCU)
• Tool Control Unit (TCU)

[0112] Mobile Base Control Unit (MBCU) receives
commands from user and relays appropriate commands
to rest of control units. In addition to that it controls the
general states of machine (OFFLINE, SILENT, DIESEL-
ONLY and HYBRID MODE) and gathers telemetry data
to send to the operator via RF link.
[0113] Hybrid System Control Unit (HCU) is the most
complex of all the units in base vehicle. It takes care of
the hybrid subsystem (diesel engine, generator, RESS,
high-voltage power distribution) and controls high-volt-
age loads. It takes electrical power requirements ob-
tained from other subsystems and selects the appropri-
ate strategy depending on the user selected operating
mode. The strategy consists of combining power flow
from diesel-generator and to/from battery to satisfy power
demand of the rest of the system. This also includes stop-
ping some systems from using power if not enough power
can be provided in selected mode for all the systems, for
example when power is limited in SILENT mode due to
the fact only battery power can be used.
[0114] Thermal Control Unit (THCU) controls the cool-
ing subsystem units. This includes:

• High-voltage power pumps
• Low voltage power pumps
• Cooling fans via hydraulic motors

[0115] THCU also communicates with temperature
sensors and maintains temperatures of all the coolant
circuits within allowed ranges while trying to consume as
little power as possible. It is also monitoring coolant fluid
levels and reporting to MBCU. In order to activate the
fans, it needs to send request to HCU to spin the hydraulic
pump to provide hydraulic power.
[0116] Transmission Control Unit (TRCU) controls the
traction motors and transmission gearboxes operation.
It monitors the demanded torque and speed of each track
and implements automatic gear power-shifting algorithm.
It does this via transmission subsystem’s hydraulics. It
combines torque from motor and friction of the clutches
to achieve minimum shifting time with no apparent
change of output velocity. In addition, it also controls the
mechanical brakes.
[0117] Tool Control Unit (TCU) controls the hydraulic
valves for the tool attachments. It receives commands
from user that have been relayed from MBCU and acti-
vates the appropriate hydraulic valves. In order to acti-
vate the actuators, it needs to send request to HCU to
spin the hydraulic pump to provide hydraulic power.
[0118] A system comprises claimed remote-controlled
vehicle 10 and the control centre wherein control centre
comprises a set of graphical user interfaces (GUI) and
video displays (VD). Two-way communication between
the vehicle 10 and control centre is established and from
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GUI the user can control and operate with the vehicle.

Claims

1. A remote-controlled vehicle for operations in the ex-
treme conditions (10) characterised in that it com-
prises a base vehicle (100), a gripper (200), a ma-
nipulator arm (300), a mission module wherein base
vehicle comprises base vehicle front part (110) and
base vehicle rear part (120), wherein on the front
part (110) of the base vehicle gripper (200) is mount-
ed and on the rear part (120) of the base vehicle the
manipulator arm (300) is mounted and when in op-
eration, the gripper (200) and the manipulator arm
(300) are remotely operated.

2. The remote-controlled vehicle (10) as claimed in
claim 1. characterised in that it further comprises
a sampling subsystem, environmental sensors and
computed radiography (CR) detectors wherein the
mission module is attached on top of the base vehicle
(100), the sampling subsystem is attached partially
to the manipulator arm (300) and partially to the mis-
sion module, and environmental sensors and CR de-
tectors are installed partially on mission module and
partially on manipulator arm (300).

3. The remote-controlled vehicle (10) as claimed in
claim 1. or 2. characterised in that the mission mod-
ule comprises a CBRN filter, water tanks, sprinklers
and cooling air intake, wherein sprinklers are mount-
ed above the cooling air intake and wherein when
the claimed vehicle in operation water from water
tanks is sprinkled over intake air in cooling air intake.

4. The remote-controlled vehicle (10) as claimed in any
previous claim characterised in that the mission
module further comprises electrical heaters built in-
side water tanks wherein the power for the heaters
is provided from the base vehicle (100).

5. The remote-controlled vehicle (10) as claimed in any
previous claim characterised in that the mission
module further comprises a firefighting system, the
said fire-fighting system further comprises a high
pressure water pump, a water cannon and a fire-
fighting water tank and a foam tank positioned at the
back of the mission module, wherein said fire-fighting
water tank is equipped with quick coupling interface
for water intake from the outside source, the water
cannon being equipped with an auto-regulated pres-
sure nozzle with ability to adjust the shape of the
water jet.

6. The remote-controlled vehicle (10) as claimed in any
previous claim characterised in that the mission
module further comprises a decontamination system

comprising a decontamination emulsion mixer, at
least one decontamination agent container and a
tank positioned at the back of the mission module
wherein the decontamination emulsion mixer a de-
contamination agent from decontamination agent
container is remotely controlled.

7. The remote-controlled vehicle (10) as claimed in any
previous claim characterised in that the mission
module further comprises multiple decontamination
nozzle network distributed on said mission module
wherein, when claimed vehicle in operation, decon-
tamination emulsion might be sprayed over the ve-
hicle’s exterior surfaces.

8. The remote-controlled vehicle (10) as claimed in any
previous claim characterised in that the base ve-
hicle (100) further comprises a hydraulic pump and
the gripper (200) comprises rotating jaws, lights and
tool camera wherein the rotating jaws are powered
by the hydraulic pump within the base vehicle (100).

9. The remote-controlled vehicle (10) as claimed in any
previous claim characterised in that the gripper
(200) further comprises a blade.

10. The remote-controlled vehicle (10) as claimed in any
previous claim characterised in that the manipula-
tor arm (300) comprises a swivel stand and three
rotational arms wherein swivel stand provides 360
deg non-continuous rotation and wherein the manip-
ulator arm (300) is hydraulically operated.

11. The remote-controlled vehicle (10) as claimed in any
previous claim characterised in that the manipula-
tor arm (300) further comprises a gripper (200) tool
attached at the end of the manipulator arm (300),
wherein the gripper (200) tool is powered and com-
prises two additional rotating joints.

12. The remote-controlled vehicle (10) as claimed in any
previous claim characterised in that the manipula-
tor arm (300) further comprises chemical warfare
agent (CWA) detector, toxic industrial chemicals
(TIC) detector, visual camera, shortwave and long-
wave thermal camera, temperature sensor and mi-
crophone.

13. The remote-controlled vehicle (10) as claimed in any
of claims 10, 11 or 12. characterised in that one
rotational arm comprises high pressure cleaning
system and system for applying decontamination liq-
uid.

14. The remote-controlled vehicle (10) as claimed in 2nd

or any of previous claims, except as claimed in 1st

claim, characterised in that the sampling subsys-
tem comprises at least one gas, aerosol and dust
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sampling tube or/and at least one sampling tube for
liquid sample or/and at least one solid sample sam-
pling tube wherein the gas, aerosol and dust sam-
pling tube comprises a housing and an electric motor
with a blower to generate pressure, an electronic
tube operation control, sets of sample adsorption fil-
ters (cellulose filter o/and silicate filter or/and acti-
vated carbon filter) and outlet valves on the side of
the housing and the bottom of the tube with the inlet
valve, wherein when in operation blower creates air
flow through the inlet valve and the adsorption of the
sample on the sample adsorption filters and the sam-
pling tube for liquid samples comprises a housing
and an electric motor with electronic tube operation
control, an electric motor gear, an injector for the
injection of fluid and the lower part of the tube with
the inlet valve, the lower part being detachable from
the upper case, wherein when in operation upon
completion of sampling executed by pressure gen-
erated by the injector, the inlet valve immobilizes the
sample between the top piston of the injector and
the inlet and solid sample sampling tube comprises
a housing and an electric motor with electronic tube
operation control, an electric motor gear, roller shafts
and drill bits with pockets inside the roller, wherein
said pockets hold bulk and solid specimen, the lower
part of the tube with the lid at the end for sealing the
sample tube, the lower part being detachable from
the upper case, when in operations rotary drill drills
and takes a sample wherein the lower part of the
tube moves upwards by pressing the sample and
opens the drill, and after completion spring action
returns the drill to the basic position and closes the
tube.

15. The system comprising the remote-controlled vehi-
cle for operations in the extreme conditions (10) as
claimed in any of previous claims and a control centre
wherein control centre comprises a set of graphical
user interfaces (GUI) and video displays (VD) and
wherein two-way communication between the vehi-
cle and control centre is established and wherein
from GUI person can control and operate with the
vehicle.
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