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Abstract—This paper presents a tracked robot with blade arms
powered to assist movement in difficult environments. As a result, the
tracked robot is able to pass a ramp or climb stairs. The main feature is
a pair of blade arms on both sides of the vehicle body working in
collaboration with previously validated transformable track system.
When the robot encounters an obstacle in a terrain, it enlists the blade
arms with power to overcome the obstacle. In disaster areas, there
usually will be terrains that are full of broken and complicated slopes,
broken walls, rubbles, and ditches. Thereupon, a robot, which is
instructed to pass through such disaster areas, needs to have a good
off-road capability for such complicated terrains. The robot with
crawling-assisting blade arms would overcome the obstacles along the
terrains, and possibly become to be a rescue robot. A prototype has
been developed and built; experiments were carried out to validate the
enhanced crawling capability of the robot.

Keywords—Tracked robot, rescue robot, blade arm, crawling
ability, control system.

[. INTRODUCTION

N future, robots will be used to deal with some dangerous

things instead of human being [1]-[4]. They are utilized to
execute the difficult, dirty and dangerous works in the factory,
stope, space exploration, farmland, security, rescue, and
military. Robots work place is usually very complex or
dangerous; this kind of robots should have many abilities, such
as running on the mud, ditch, sands, and stairs quickly and
steady. More and more researchers take interest in tracked
mobile robot which can move in unstructured environment
quickly and steady [5]-[8]. The main ability of overcome
obstacles of the rescued robot is used of its legged or wheeled to
adapt the stair or slope and to assist the robot passing the
obstacle. [9]-[12]. Therefore, a robot can climb a slope and
stairs which needs more force to enhance its slope climbing and
upward lifting height. Thus the power of overcome obstacle of
the rescued robot is also important issues of the action
development of the robot. However, we think further by using
better idea of the structure of adaptability to overcome the
limitations brought on terrain. Many robots have been
developed for rough terrain, such as rescue robots and
observation robots. These robots are used instead of people to
operate in locations that are dangerous or difficult for people to
enter [4]. The robot must pass rough terrain; it should have the
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ability to move in multiple directions, and can have a simple
mechanism to easy control.

Some researchers have focused on improving the
performance of robot movement for rough terrain by adjusting
on other features [1]-[8]. However, due to the need to reduce
costs and make functional restrictions. Accordingly, we
attended to design a mechanism that can improve the robot
performance to pass the rough terrain using -effective
institutions and feasible action. In order to improve the ability
of overcome the difficult obstacle, some methods were
developed, such as Wang’s on board manipulator [1], Kumar’s
wheeled robot [9], Yamada’s blade crawler [13], Edlinger’s
omni-crawler robot [14], and Zang’s Jack robot [15]. They each
presented a number of good ways to improve the problems. The
studies proposed the good designs that provide great reference
of our research which involves board manipulator, blade
crawler, and Jack robot, etc. The creations can be integrated
with the innovation for better climbing obstacle capability.

In this paper, we presented a prototype of unmanned ground
vehicle; it has a blade crawler to assist walking mechanism that
is to form the obstacle capability to overcome the sloping and
uneven ground. In the design, we refer the characteristics of
walking assistance of the insect. Recently, by using the
characteristics of the insects as a reference, robots achieved
high mobility on rough terrain [16]-[18]. In order to improve
the rough terrain drivability with constrained structure type and
size, it is necessary to inspire from the reptile insects, such as
wharf roach, it has high mobility despite on the complex natural
environment. Therefore, we integrate and increase the
deformation travel agencies, which can help to support a set of
blade crawler to improve the walking ability of the robot.
Design and experimental results for the tracked robot is
presented in the following sections.

II. ARCHITECTURE OF THE ROBOT

The illustrations and photos of the structure of the presented
robot system are shown in Figs. 1, 2; it consists of a tracked
robot and a control box. Using the modularity, the robot device
is composed of several modules which are vehicle body,
motion mechanism, drive element, control unit, MCU
(Microcontroller Unit), and battery. The size of the robot is 85
cm (L) x 80 cm (W) x 55 cm (H), weight is about 150 kg, the
body is welded of high carbon steel. The body of the vehicle is
used the strengthening brackets to provide the necessary body
strength. Particularly, it is designed to achieve good waterproof
properties; the body adopted a similar hull design.
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Fig. 1 Construction of the proposed tracked robot: (a) perspective view
of the vehicle; (b) side view of the vehicle; (c) top view of the
vehicle; and (d) the control box

(b) Side View

Fig. 2 The photos of the proposed tracked robot with a pair of blade
arms: (a) the front view of the vehicle; (b) the side view of the
vehicle

III. TRACKED DEFORMATION MECHANISM

This article presents a high mobility tracked vehicle; the
main feature is the combination of the deformation mobile
mechanism and a support arms which on both sides of the
vehicle body. There is a pair of support arms which is on both
sides of the mobile apparatus, the support arm can be connected
so that deformation of the vehicle body, so that the vehicle
driving apparatus can be changed in different terrain, the terrain
change brought a lot of resistance of the vehicle drive, that the
support arms can enhance carrier the ability to walk of the
tracked vehicle. The support arms are called of a blade crawler
arm for the tracked robot. The blade crawler arm can be
changed according to different terrain, it is interlocking means
associated change track contact area and improve the
operational efficiency of the vehicle. So the interlocking device
comprises a track structure will be deformed and a blade
crawler arm. The interlocking mechanism can deform vehicle
in climbing obstacle to lift the blade crawler arm, so that the
front end of the vehicle also can raise, and the front end of the
blade crawler arm resembles a pawl which can as a support,
when the front end of the vehicle be raised that the tracked
vehicle can be stable passing the obstacles.

The tracked robot has tracked transformation structures of
the motion mechanism; it was given the deformation ability.
The variable kinematics structure of the tracked system has a
compensating idler wheels deformation structure that can be
used to roam adaptively the mutative terrains. The
compensating idler wheels deformation structure is used an
electric drive pusher to move the connecting bar which is
connected the idler wheels, and it adjusts the position
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conversion of the idler wheel in between the high and low
position, thereby they change the inclination angle of the front
end of the blade crawler arm and the track, the structures are
shown in Fig. 3.

The analysis of vehicle obstacle capability, the vehicle pass
barrier depends on the combination of both to own good motion
ability and to make a correct operation. The across obstacle
capabilities of the tracked robot are provided mainly with climb
the incline and stair. The stair climbing of the robot is related to
center of gravity, climbing power and operation skills. The
processes of through the vertical plane have static method and
dynamic method.

(b) Support blade crawler arm modulation mechanism

Fig. 3 The kinematics structure of the tracked wheel

The static method is passing the inclined plane or vertical
plane by low speed. The slope tilt angle for vehicle passing is
restricted by the stability loss of vehicle; the method considers
the possibility of vehicle passing slope or stair, and that is
mainly dependence on the tilt angle of the track front end or the
vehicle climbing ability. In this paper, we presented a track
system; it has available idler modules that can vary the level of
the idler positions. When the idler in a high position, the front
end of track have a high inclination, it can provide enough
climbing ability. Further, when the idler in a low position, the
front end of the track is down to the plane, that increases the
length of the track, it can provide sufficient capacity to through
the ditch, the track action shown in Fig. 4.

The dynamic method of the vehicle passing slope or stair is
with higher speed, it will increase the angle of climb of vehicle
passing capacity. When the vehicle passes slope or stair, the
first idler wheel leaves support surface, the body begins to raise
the tilt angle of the track front end. If the speed is higher, at the
same distance, the vehicle can increase the angle of climb, and
passing more complex terrain. Adoption dynamics method to

pass slope or stair has great relationship on both edges of
mutual position and shape.

W W W W W W wr o ol

(a) Ilustration of track posture in the lower position

(d) A photo of track posture in the higher position

Fig. 4 Various track and crawler arm configurations

For inclined plane and stair climbing ability, the vehicles
pass is related to the shape of the track front end, driving force
and driving methods, especially we also use the blade crawler
arm to help improve climbing ability. Usually, the vehicle track
has a high rake angle; it will have the better climbing ability.
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Good climbing ability contains the inclined plane passing, also
contains overcoming the building stairs. In addition, another
important factor for the abilities of the terrain obstacles passing,
that can be adjusted to use the blade crawler arm to tow the
vehicle body, and gets a booster to drag vehicle forward. The
experiment of the presented robot which has overcome the
slope and stair are shown in Fig. 5.

(b) The vehicle is crossing the stair obstacles
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(d) The vehicle utilized a low angle to through ramp

Fig. 5 Robot under experimental tests

Track status display window
Front camera
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Fig. 6 The control box

IV. IMPLEMENTATION

Robot control contains a controller built into the robot and a
set of wireless remote control box. The controller has been made
to install it inside the robot structure. Also, two micro camera
and LED lighting group are designed for spatial identification.
At the same time, we use MCUs (The main control unit (MCU)
is designed on the techniques which used the TMS320F281X
DSP chip; it is used to control motor for each axis of motion
control and transmission the system data or signal). The DSP
chip calculates the angular velocity of the control box interface
and linear velocity of the robot. The TMS320F281X DSP chip
calculates the motor speed by producing a PWN signal. It can
control all of the DC motors. The control box is shown in Fig. 6.
All the motor driver and MCUs are embedded in an internal
control unit as shown in Fig. 7. Fig. 7 shows the different control
units’ architecture of the MCUs. When an order of the device
controller is given by control box, it is transferred to the robot by
wireless communications. The view of the robot is provided to
use the Micro CMOS cameras, The cameras are mounted at the
front and rear of the robot body. The vision module makes the
robot possible to easily movement in difficult terrain. The vision
module of the robot is made with two cameras, the cameras have
LED light ring group and radio device.

l Sub-control board | Application Module
board
Fig. 7 Architecture of the main control unit

The control box uses TMS320F2801PZA-50 DSP chip; its
control transfers are set in wireless modes. The controller
provides a simple setting method to set the instruction and to
get the operational position, and it has 24 buttons on the
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maximum extent, they allow user to meet their operation mode.
We use virtual control panel vision to connect with control
panel, it can use simple commands to communicate with a
buttons and knobs; also can get the information to produce
exclusive application instructions.

V.CONCLUSIONS

We have successfully developed a tracked robot with
transformable movement mechanisms and a pair of crawling
assisting blade arms to enhance the robot’s off-road capability
in a difficult terrain. It is capable of overcoming barriers of
different shapes and sizes, such as stairs and slope of the
complex environment. Most of the robots designed have only
fixed track movement mechanism; therefore, they are less
adaptive to complex environments. The presented design with
transformable track movement mechanism was able to roam
adaptively over mutative terrains. The features of transformable
track movement system include modular, hull type body,
waterproof and dustproof design. The track movement
mechanism of the robot is designed to deform when it
encounters uneven grounds or a soft ground. Thus, the robot
can be operated in various types of terrain.

The variable kinematics structure of the tracked system has a
compensating idler wheels deformation structure that can be
used to roam adaptively over mutative terrains. The kinematics
structure of the tracks has several good features, just to name a
couple: To raise the track front-end angle, which effectively
helped vertical wall climbing; to adjust the track length
adaptive to the road surface, which enhances the ability to
speedy travel.

The performance of the presented tracked robot system with
a pair of blade arms was verified through experiments under a
test-platform where stairs and slopes were present. We gained
valuable experience in the actual performance verification. In
particular, a pair of blade crawler arms with power were added
on both sides of the mobile apparatus, thus, further enhancing
its off-road capability. The blade crawler arm can tow the robot
vehicle forward or raise the body; along with deformed track
movement mechanism, the vehicle moved smoothly over the
hostile terrains. The presented robotic system could be further
demonstrated in field rescue missions in the event of disasters.
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