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Abstract. Mechanically efficient and innovatively designed robots equipped with
reliable detection techniques can not only help in greatly reducing the time needed
to clear an area inflicted with land-mines but also reduce the life threats to indi-
vidual deminers. However, prohibitive costs and reliability issues have thus far
been hindering the wide scale deployment of robotic technologies in this area,
especially in poorer countries of the world. Recently, we have demonstrated the
deployment of an extremely low cost yet robust robot landmine detector that can
achieve autonomous affordable mine detection by smaller government and pri-
vate organizations. We have produced a design which is extreme in simplicity, in
the sense that it can be indigenously produced, deployed and maintained in a de-
veloping world country by small budget organizations using commercial off-the-
shelf (COTS) components. Taking advantage of the slow nature of mine detection
tasks, we have been able to achieve performance levels at par with sophisticated
robotic solutions by an emphasis on mechanical simplicity (double Ackermann
steering with a 5 DOF sensor arm), adaptation of off-the-shelf sensors for map
building and navigation (RGB-D sensors and custom-built stereo vision), open
source software architectures (Robot Operating System (ROS) on standard PC)
and modular rapid-prototyping hardware for electronics and control (NI’s single-
board RIO controllers under LabView). We outline some main components of the
robot design in this paper including mechanical design, coverage and scanning
strategies, visual servoing of the mechanical arm and mapping & localization al-
gorithms to enable navigation in rough outdoor terrains. Finally, we comment on
how this effort provides insights into developing field robotics application in and
for developing world scenarios.

1 Introduction

The detection and removal of buried landmines is a global problem being faced by
many countries. Due to the scale of the problem as well as the dangers associated with
deploying a human into a mine-field, it makes sense to think about an automated, pos-
sibly robotic solution to the landmine clearing problem. A completely robotic solution
still has a long way to go from current state-of-the-art in robotics technology [1,2,3].
However, significant levels of automation can still be achieved if subtasks such as de-
tection of mines with occasional intervention of a human operator is made possible.



At the same time, the dangerous nature of the task demands extremely high levels of
automation.

Following this philosophy, work has been done by several researchers on several as-
pects of the problem such as use of multi-agent architecture and use of multiple robots
[4,5]; achieving efficient terrain traversability and overall mobility of the robot [6,7,8,9];
innovative mechanical designs for mobility and sensor deployment [10,11]; coverage
and search algorithms [12]; and a high focus on terrain profiling and efficient manipu-
lation for adjusting the sensor orientation [13,14]. Even if the technical challenges are
met, the required levels of performance in a robotic demining solution would require a
prohibitively high cost. The entire concept of humanitarian demining rests on whether
it can be made affordable. Robotic solutions to demining efforts have been proposed
and researched for almost two decades now. However, prohibitive costs and reliability
issues have thus far been hindering the wide scale deployment of robotic technologies
in this area. Affordability, reliability, scalability and technological complexity are piv-
otal issues for the deployment of demining robots in the poor countries of the world. In
this work, we consider the following objectives for a humanitarian demining solution:

1. Affordability. To prototype an affordable robotic system for mine detection so that
it can be used by smaller/poorer governmental and private organizations.

2. Simplicity. To produce a design that is easily replicable using the simplest com-
mercial off-the-shelf (COTS) technology so that it can be indigenously produced,
deployed and maintained in a developing world country by small budget organiza-
tions.

3. Scalability. To keep the system reconfigurable and its performance scalable, so
that the same low-budget design can be re-scaled to a large-scale mine-clearing
operation.

4. Light-weight. To keep the design light-weight for rapid deployment and transporta-
tion.

To prove the economic justification of a robotic technology for replacing human
demining experts, the following rough estimates can provide a useful start.

1. It is possible to hire human experts under $2000 dollars / year for mine detection
and clearing operations in a South Asian / African country. Additionally, they work
without life-insurance or disability support from the parent organization.

2. The entry barrier to a small organization for conducting a small-medium scale oper-
ation for clearing/detecting mines stands at roughly $10,000 / year / km2 including
all overheads.

3. Current robotic technology, capable of navigating rough terrains and delivering
similar performance and reliability stands at $10,000 or above for platform only.
Operation, maintenance and deployment costs are not included. These overheads
can easily swing the number to over $100,000/year.

4. Going for a sophisticated technology solution will not lower the barrier for robotic
demining solutions, unless the costs of both the platform and its maintenance are
reduced drastically.

5. Any attempt at reducing the cost of a robotic platform results in a significant in-
crease of failures and degrading of performance.



Fig. 1: Marwa during field trials in a real minefield in Lebanon (2011).



One can confidently estimate from these constraints that it is not possible to produce a
single reliable and cost effective robotic system that can compete with human experts
using the current technology. In this project, we propose that we can still solve the
economic issue of cost vs. reliability by the following.

1. A mechanical platform with mechanical complexity comparable to a wheelchair or
bicycle, so that it can be built, reproduced, maintained and deployed from a small
town auto-mechanic or electrician’s workshop.

2. Where possible, exchange the hard mechanical complexity of the system with main-
tenance free, easily replicable and soft computational solutions.

3. (1) and (2) together bring the platform cost drastically down to $2000 or less (See
an example budget in Table 1 below). However, there is a significant degradation
of performance.

4. To overcome the reliability barrier for such a simple design, one can deploy a fleet
of such robots, instead of one, thus increasing the redundancy of the system and
make the performance completely scalable.

Table 1: System component costs for a production model. Total cost = $1800/robot+$600.

Item Cost (USD) Weight
Embedded controller $150 Negligible
Sensors $400 1 Kg
Communication Modules $150 Negligible
Drive and power electronics $500 5 Kg
Steel frame, tires, assembly $300 50 Kg
Batteries $300 5 Kg
Teleoperation station $600 N/A

In Fig. 2, we explain how we satisfy these cost and reliability constraints. A team of
5-6 robots beats the human expert cost barrier of $10k while also satisfying a total
reliability of 1% failure rate or less for the total system. An overhead of $600 for the
total system is added to indicate a common tele-operation for all robots in the team.
The reliability calculations have been done using very crude models. However, we see
in the graph that a team of 5-6 robots beats this barrier for several pessimistic choices
of failure probability.

Our motivation for developing a landmine detecting robot came from an interna-
tional robotics competition by National Instruments (NI). In 2009, NI Arabia in col-
laboration with LebMAC (Lebanese Mine Action Center) invited proposals for the NI
Mine Detection Robot Design (NI MDRD) contest in Lebanon [15]. LUMS design
named as Marwa went on to win the competition in 2011 with an award in the Vision
& Sweeping Algorithms category (See Fig. 1). We outline the main aspects of the robot
design in this paper. First, an overview of the mechanical design of the vehicle and the
sensor arm (Section 2). Then we outline our coverage and scanning strategy (Section
3), followed by a description of hardware and software modules (Section 4). After de-
scribing the robot’s mechanical design, hardware and software, we focus on two major



Fig. 2: By keeping a fleet of low-cost but relatively low performance robots, one can achieve
reliability and affordability simultaneously.

algorithmic modules that are critical to the demining operation. First, the use of vi-
sual servoing techniques to scan arbitrary ground profiles at close proximity using an
improvised stereo vision system and innovative low level control (Section 5). Second,
mapping and localization algorithms to enable navigation in rough outdoor terrains us-
ing standard RGB-D sensors (Section 6). Further details of the design can be seen in
[16,17].

2 Mechanical Design Overview

The robot is a four wheeled cart-like vehicle equipped with a manipulator arm (Fig.
3). The wheels are driven and steered both in the front and back by high power DC
motors in double Ackermann configuration. The wheels support the main body via a
suspension. In front of the robot, there is a five degree of freedom arm on which mine
detection sensors can be mounted. The sensory arm is capable of being adjusted auto-
matically according to the ground profile. The platform is simple, stable and capable
of traversing rough terrains at reasonable speeds. The platform can also carry a heavy
payload for any future extensions.

2.1 Mobility

The mechanical design of the main robot (Marwa) is a result of a considerable effort of
time and effort in design and fabrication. The size of the robot has been chosen under
the consideration that it can be used in outdoor, off-road and rough terrains and it should
be able to maneuver any surface accessible by a normal human without the constraint of
small size. The robot is fabricated, mainly out of aluminum which is a handy material
in a country like Pakistan. Undoubtedly the use of composite materials may render the
mechanical design light in weight but these material are scarcely available in a develop-
ing world country and their cost is a significant stymie in moving with a cost effective



Fig. 3: Marwa robot under development at CYPHYNETS Lab. Main components of the design
have been marked.

design. The salient features of the robot include a very robust shock and steering system
(a Wish Bone shock and steering system, as used commonly in automobiles). Despite
its significant weight and large form factor, the robot is very flexible in moving on rough
terrains. The suspension system keeps the electronics on board less prone to jerks and
sudden movements. It is worthy to note that a robot of this size cannot rely on steering
with the usual differential drive inspired techniques used in smaller field robots. The
technique though useful in smaller robots has significant resilient forces on the wheels
not lying on the axis of rotation of the robot when the size and weight increases and the
robot is essentially not on a flat and polished surface. Another key consideration in the
design is that the wheels should be rotated (steered) as close as possible to their point
of contact on the ground. This relieves the otherwise resultant forces on the axel and
drive shaft. Steering is achieved through a single screw rod mechanism. The screw rod
is driven by a high torque actuator and this in turn controls the steer angle of the wheels
by rotating the wheel base as shown in Fig. 4.

Fig. 4: Steering and suspension design of Marwa.



2.2 Manipulation

The mine detecting sensor is mounted as the end effector of a robotic arm. The main
purpose of the arm is to keep its end effector aligned with respect to the successive
ground plains. Consideration of sensor orientation while scanning is extremely essential
for landmine detection. For any sensor such as a metal detector or ground penetrating
radar, we can only be confident of the authenticity of the scanning results if the follow-
ing two conditions are met. Firstly, the sensor should remain as close to the ground as
possible, and secondly, it should always be pointing directly towards the scanning area.
These requirements can be visualized as shown in Fig. 5. It can be seen that at each
point, the sensor must maintain a constant distance from the ground and remain tangent
to the patch directly beneath it.

Scan Direction

Terrain Profile

Sensor

Fig. 5: Cross sectional view of a single horizontal sweep of the metal detector.

To meet these requirements, we choose a non-conventional kinematic solution to
the problem by designing a PRPRR robotic manipulator (P: Prismatic, R: Revolute).
This mechanism is able to keep the end effector carrying the metal detecting sensors
aligned with ground profile at all times as well as protecting the manipulator from steep
or suddenly encountered obstacles in highly uneven terrains.

The manipulator is also capable of scanning on surfaces comparatively higher than
the robot height due to its design. This saves the robot from the need to ascend unneces-
sarily for scanning. The base of the arm is a prismatic joint. The metal detecting sensor
is much smaller in size as compared to Marwa’s front face thus this degree of freedom
comes in handy for scanning by panning the front of the robotic vehicle, along its face.
Thus, together with robot motion, the joint helps create an XY-raster movement for the
mechanical arm, thus ensuring that no area is left undetected following the passage of
the vehicle. The scanning motion of the robot is shown in Fig. 6. The second joint is
revolute and is designed to align the arm according to the required angle for surface
tracking as well as aligning itself to raised surfaces that can be better scanned without
the need of the robot itself to climb upwards (See Fig. 6). The third joint is prismatic
which is essential in the design of the manipulator. This prismatic joint is constructed
using a screw rod. The screw rod moves with the manipulators arm length and thus is
used to retract or extend the robotic arm in order to reach for the ground length. This is
shown in Fig. 6. The fourth joint is for tilting the sensor upwards or downwards. This
freedom is very important for ground tracking. For the design process, a speed breaker
like ground profile of acceptable minimum curvature was considered for tracking. This



Fig. 6: Demonstration of the working of the arm joints. In order from top to bottom: Row 1. The
panning joint. Row 2. The elbow revolute joint. Row 3. The retracting joint. Row 4. The wrist
pitch joint. Row 5. The wrist roll joint



joint, in combination with the previously discussed prismatic joint is necessary to keep
the sensors aligned with a speed breaker like ground profile. The last joint is important
for tracking surfaces or obstacles that are slanted by a roll angle from perspective of the
robotic vehicle. This freedom is also shown in Fig. 6.

The greatest advantage in the given robotic manipulator is its simplicity of con-
trol. The joints are designed such that they are independently controlled and capable
of remaining dormant without affecting the motion of the remaining joints till they are
needed. For relatively easy terrains the manipulator can track the ground using just the
third (prismatic) joint and the fourth (revolute) joint. The third prismatic joint can be
slanted at an angle of 60◦ for normal terrain ground tracking. Since this joint is slanted
and protrudes outwards from the robotic vehicle, it has an advantage while negotiating
obstacles. It can either be retracted using the third joint or it can be elevated using the
second joint or moved by a combination of both.

3 Coverage and Scanning Strategy

While standing stationary, the arm’s DOF’s enable the robot to scan a certain rectangu-
lar area immediately in front of it. This means that it is not required to move the robot
forward for every small horizontal patch it has to scan, which would reduce the overall
speed of operation. Instead, this movement can be provided by the arm, scanning every
horizontal patch through a sideways movement of the sensor, then moving the end-
effector forward and repeating the sideways movement. This continues until the limits
of the arm joints are reached, at which point the arm is retracted and Marwa moves for-
ward to scan the next rectangular patch. Scanning motion along the sideways direction
is achieved through the panning joint, while scanning motion in the forward direction is
achieved by a combined movement of the elbow revolute and prismatic joints (Fig. 6).
The sense of both directions can be seen in Fig. 7. Another possible manipulator design
such as that of Gryphon [13] will enable the robot to scan semi-circular regions on each
of it’s sides.

To start scanning a real-world mine infected area, it is necessary that Marwa enters
the field in a head-on direction. Until any mines are detected, it would keep moving
straight forward, stopping at constant intervals to scan the rectangular patch immedi-
ately in front of it. Marwa continues in this fashion until the opposite boundary of the
area is reached, at which point (if no mines have been detected) it can declare a vertical
slice of the area safe. It then turns 180◦ to cover the adjacent vertical slice, and con-
tinues this behavior until the whole area has been scanned. This can be visualized in
Fig. 7. Although we have discussed a scanning strategy for a rectangular area, a similar
procedure can be adopted for circular areas by starting at the circumference and moving
in towards the center. Also note that while Marwa’s manipulator is attached to its front,
it would also be possible to attach it to the side, in which case the robot would not enter
the minefield immediately but would start scanning in a sideways manner. Gryphon is
an example of such a system [13].



Start

End

Robot Body

Sensor

Arm

Fig. 7: Left: Possible scanning directions while Marwa is stationary. The sensor may be moved
in forward or sideways direction. Right: Coverage strategy of minefield adopted for Marwa. The
path followed is indicated by the directed lines. A region is represented by a singly shaded area.
Marwa scans a single region while remaining stationary and then moves to the next.

4 Software, Sensors and Control

Various types of sensors can be mounted on the sensory arm of Marwa for carrying out
mine detection close to the ground. The sensory arm keeps an appropriate height from
ground by visual servoing aided by on-board robot pose estimators . This is performed
by a set of cameras (for stereo vision) mounted on the main platform. Moreover, a host
of other sensors are mounted on the main body for navigation, obstacle avoidance, path
planning and communication. The sensors and communication modules are connected
to the main computational unit. The sensor system includes

1. One custom built stereo vision camera pair tilted downwards for visual servoing of
detector arm.

2. RGB-D camera looking forward for navigation/obstacle avoidance and SLAM.
3. One NI smart vision camera to detect mines and /or cluster bombs by machine

vision algorithms.
4. Metal detector, mounted on a mechanical arm for detecting underground metallic

objects.
5. GPS and electronic compass for reporting ground position and orientation of robot.
6. IMU sensor for reporting robot pose.

The drive system includes

1. Battery units, physically isolated for protection of computers/controllers from ac-
tuator surges.

2. Power electronics and drive interface.
3. Standard automotive grade high-torque DC motors for steering main robot and me-

chanical arm.



The computation and control hardware includes

1. NI sbRIO-9642 for low-level real-time control loops, sensor/drive interfaces in
autonomous/semi-autonomous modes.

2. Standard Atmega-8 microcontrollers for low level motor drives. They are directly
linked to a radio control (RC) unit for tele-operation and emergency stops.

3. High performance mobile PC platforms (Ubuntu+ROS, LabView) for high-level
perception, planning and control in autonomous mode.

NI sbRIO-9642 has been chosen as the platform for low-level time-critical signal pro-
cessing, feedback control and sensing tasks. sbRIO has been chosen due to its rapid
prototyping environment and ease of interfacing with hardware devices, sensors and ac-
tuators. It runs as a slave under PC/Ubuntu with which it communicates using a 10/100
Mbits/s Ethernet port available on sbRIO. The software architecture has an emphasis
on modularity, robustness and on-board system diagnosis. The modularity allows trans-
parent mapping on appropriate hardware resources (e.g. sbRIO or PC notebooks). All
software modules meet real-time constraints using support provided by real-time Lab-
VIEW on sbRIO and Ubuntu on notebooks. The various software modules along with
information flow has been given in the Fig. 9. The various data pathways are either inter-
nal (e.g. via a shared memory and real-time process scheduler when on the same board)
or via Ethernet ports (when on different boards). The various software modules/blocks
are

1. Obstacle detection.
2. Localization and map building (SLAM).
3. Visual odometry.
4. Navigation and high-level path planning.
5. Near field stereo vision.
6. Mine detecting arm control.
7. System health monitoring and data logging.
8. Top level control and HRI.
9. Network communication.

Fig. 8: Computational resources and their interconnection.



Fig. 9: Algorithmic software modules and data flow.



5 Visual Servoing of Sensor Arm

We briefly summarize the visual servoing techniques to maintain the required sensor
orientation and elevation with respect to the ground. For details of this critical compo-
nent of the system, the reader is referred to [17]. Positioning of the arm is one of the
most important aspect of the complete mine-detection and clearing problem. We have
implemented a binocular, stand-alone, position-based, dynamic look-and-move visual
servoing system. Refer to Fig. 10 for snapshots of the system in lab and in the field. Our

Fig. 10: Left: Sensor arm in a lab setup for development and testing. Right: Arm, controllers and
stereo vision setup mounted on robot Marwa.

system can be best compared with the Gryphon landmine detecting robot [13], which
places a high focus on terrain profiling and efficient manipulation for adjusting the sen-
sor orientation using visual processing. Gryphon uses a visual servoing system with a
stereo vision subsystem coupled with a pantographic manipulator. Our system differs
from that of Gryphon in the design of the manipulator and methodology of scanning
the area. Our design focuses on simplicity, cost effectiveness and ease of deployment
& maintenance in a developing world environment. Mechanical design complexity has
been deliberately kept to the bare minimum and a high emphasis has been placed on
computational resources and control algorithms. Our design is a simple and easily repli-
cable visual servoing system to benefit researchers with limited resources to work in this
area.

To cater for the sensor pose requirements, we employ a piecewise planar representa-
tion of the underlying terrain. The resolution of the representation dictates the accuracy
with which the terrain is represented and so with high enough resolution, we are able to
represent the extremely rugged terrains encountered in real-world mine-fields. Such an
example can be seen in Fig. 11.

Each plane in our representation has a corresponding normal vector, and the nor-
mal of the metal detector is aligned with this vector, to maintain the desired orientation
while it passes over that plane. Moreover, the point with the least depth in that patch, is
used as a reference to maintain the desired elevation of the sensor. This information is
used to calculate the desired end effector pose as an input to the arm controller. Once



Fig. 11: Top Left: Example of an outdoor field used for Marwa’s experiments and a patch of un-
even ground encountered during one of the scans. Bottom Left: The corresponding point cloud.
The point cloud has been overlaid by its piecewise planar representation,and rendered at a differ-
ent angle for visual clarity. Right: Downward looking stereo system mounted on Marwa.

the terrain is represented in this manner, we may also use knowledge of the vehicle and
arm kinematics, along with an interpolation of the normal vector angles for each plane,
to generate whole trajectories for the each of the wrist joints. We have implemented
our vision system using a custom built stereo rig. The stereo system is mounted on the
robot body with a downward looking stance. It can be seen that the setup is extremely
simple and easily replicable. We have used the open-source OpenCV library to program
our vision apparatus. Moreover, all vision algorithms we use, are well documented and
easily accessible [18]. Details on camera calibration, image rectification and 3D recon-
struction can be found in [17].

6 Mapping and Localization Using RGB-D SLAM Adaptation

Another critical task in our system is localization and mapping in an outdoor rough
terrain using extremely cheap sensors. We have adapted and used the RGB-D SLAM
algorithm developed in [19] for our system. Details of this adaptation and system perfor-
mance can be seen in [16]. It is basically a consortium of different standard algorithms
resulting in a very effective solution for 3D mapping using RGB-D camera.

Most robotics applications use kinect-style RGB-D sensors in indoor applications.
For outdoor off-road type applications, it is quite difficult to envision the use of Kinect
due to its various limitations. This is specially true for applications that require agile
operation and long range under varying lighting conditions. Compared to competing 3D
range sensors such as SICK-style laser scanners and Time-of-Flight cameras (e.g. the



Swiss Ranger family), RGB-D cameras (such as Kinect) have the following operational
limitations.

1. Limited field of view preventing an agile operation.
2. Short range, not providing the scale for typical outdoor applications.
3. Infrared saturation in direct sunlight.

These limitations are particularly intense for outdoor mapping, localization and explo-
ration tasks. Since most of the outdoor tasks require agile, long-range sensing under
direct sunlight, RGB-D has still not caught up with applications in the field.

In this work, we report a singular experiment in outdoor robotics where we were
able to overcome several of Kinect’s basic limitations by taking advantage of the slow
nature of autonomous landmine detection. Since our main motivation was to develop
a low-budget mine detection robot, we looked intensely into pushing the limits on
Kinect’s capabilities to get a minimally acceptable performance. Our main observation
was that despite being an outdoor application, mine detection is different from other
typical applications in that

1. The operation is slow by nature.
2. There are no hard time limits to complete the task.
3. While desirable, there is no specific requirement to perform the operation around

the clock.

We therefore took advantage of these exceptions and designed the robot to operate in
indirect sunlight (early mornings, late evenings and shaded places) when lighting does
not saturate Kinect’s IR sensor. Moreover, due to the slow nature of mine detection
tasks, the Kinect’s short field of view and range were not found to be crippling in our
operation. Despite these aids, the standard RGB-D SLAM algorithms had to be tweaked
and experimented with, in order to achieve an acceptable outdoor performance.

In summary, we have tested our SLAM algorithm in urban structured environments,
heavy outdoor vegetation and dirt roads. We have noticed that the algorithm produced
very accurate and globally consistent maps under varying terrains. To give a representa-
tive experiment, we reproduce some results from loop closing with a significant process
noise. See Fig. 12 for a typical run. We see here that in the first loop, the robot lost the
global consistency and did not stich the map so well. But in subsequent loops it im-
proved the mapping performance and errors were subsequently reduced. In a typical
experiment, the results after third loop were nearly globally consistent. Our conclusion
was that to have a good map, a robot should traverse the field several times to reduce
the error. Again, this matches with the objectives of mine-sweeping since by require-
ment the terrain has to be probed multiple times to ensure mine clearance, giving an
opportunity to build more accurate maps.

7 Design Philosophy and Conclusions

In this paper, we have described the challenges and opportunities in the development
of field robotics in and for developing world scenarios. Amidst the excitement and
opportunities of new robotics applications in the developed world, it is important to



Fig. 12: Loop closure experiment. Top Left: Mapping initiated. Top Right: One loop is closed.
we can see that loop is not properly close so the data is not globally consistent. Middle Left:
Second loop is closed. Error is reduced a little. Middle Right: Third loop is closed. Map is
nearly consistent. Bottom Left. Loop four is closed. Bottom Right: Loop five is closed.

remember that the majority of the proposed applications will find it hard to penetrate
developing world markets due to several reasons.

First, there are obvious contextual differences. Many challenges faced by develop-
ing world are fundamentally different from those faced by developed countries where
centers of robotics research currently reside. Second, there is an absence of local sup-
port needed to sustain and develop a future robotics industry. One may argue that with
time such support will be developed eventually, as in the case of automotive, telecom-
munications and computer industry (all three are thriving in the developing world). But
at this time, there is little recognition of this requirement in the robotics community.
Third, there are high barriers in the development of indigenous ideas in robotics since
access to state of the art in sensing, computing and control is unaffordable.

The failure to recognize these limitations will result in services and solutions, many
of which will continue to be irrelevant or difficult to adopt. As recent history has taught
us, an adoption eventually takes place, but either at the cost of social upheavals or as fu-
tile attempts to meet the widening gap between the developing and the developed for a
small segment of the society. Similarly, the development of a support industry takes un-
conventional and often mutilated forms. The safety and labor practices of auto garages
and electrical shops in many developing countries provides ample evidence of this mu-
tilation. In this paper, we share many relevant lessons learnt in the development of a
low-cost mine detection robot initiated by an international competition. We study and
generalize some examples in the development of field robotics applications, where we



see possibilities in overcoming these barriers. Many robotics applications in developing
world settings can be realized by:

1. Participatory HRI against full autonomy, where humans in the loop take the role
of helpers and advisors, and not merely operators or subjects.

2. Reliability Via Redundancy to obey performance constraints under very limited
budgets by using distribution and coordination techniques in robotics.

3. An Emphasis on Recycling, for reconfiguring existing and available technologies
for new applications.

Research and development under this paradigm must respect constraints and opportu-
nities specific to indigenous settings. These include

1. Exchanging hardware complexities with software, via advances in planning, deci-
sion and perception algorithms with strong human feedback.

2. Developing cheap alternatives to expensive sensing modalities via reconfiguration
of existing technologies in new innovative ways.

3. Developing cheap alternatives to mechanical complexities via reconfiguration and
recycling of platforms from other industries, e.g. automotive, agriculture and other
sectors.
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