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Abstract—The agent-based subsumption model is widely
acknowledged as the control systems for mobile robots. In
this model, incremental layers can be stacked together by
inhibitors and suppressors, which increasingly leads to complex
and coordinate behaviors. ROS (Robot Operating System)
is an open source robot software platform and gradually
becoming the de facto standard for robot applications. There
are abundant reusable function units in ROS, which can be
coupled by a distributed messaging mechanism. This paper
describes a template based on ROS for implementing the subsumption model, such that one can develop control systems for
mobile robots by leveraging ROS-provided software resources.
The publish/subscribe messaging mechanism in ROS is used
to connect the loosely coupled modules of each layer. The
behaviors inside a module are formalized as easy-to-use ROSbased finite state machines. The inhibitors and suppressors
among layers are represented as ROS nodes and implemented
as templates, which can be easily instantiated. And the work
is demonstrated by two experiments. First, a three-layer
autonomous wander robot, which is originally designed by
Brooks, is reproduced in the ROS simulating environment.
Second, a six-layer security patrol robot application, which
is controlled by the subsumption model, is constructed and
tested in the real world.
Keywords-ROS, control system, mobile robots, subsumption
model, agent architectures

I. Introduction
Developing robot software system was a considerable
hard work. Some projects (ROS[1], YARP[2], OPRoS[3],
OpenRTM-Aist[4], MRS[5] etc.) were proposed in order to
achieve the modularity and reusability. Hence the developers
do not have to rewrite all programs from scratch. Among
them, ROS is the most popular and gradually becoming the
de facto standard for robot applications.
ROS provides developers with a distributed messaging
mechanism, plenty of debugging and simulating tools and
abundant reusable software modules. In ROS, the modules
are represented as ROS nodes, which can be connected
by either tightly coupled (server/client, action) or loosely
coupled (publish/subscribe) messaging mechanisms.
However, it is still hard to build a system-level intelligent
robot application based on ROS. For example, one may need
to organize some ROS modules including sensing, exploring,
navigating, recognizing, following, obstacle avoiding, motoring and so on to develop a ROS-based mobile robot. But

ROS does not explicitly provide developers with a method
for organizing these modules coordinatively.
To this problem, one feasible idea is abstracting a
robot as a muti-agent system. In agent theory, multiple
agents can be organized together to build an intelligent
system (reactive[6], deliberative reasoning[7], cognitive[8],
layered/hybrid architectures[9] etc.). As illustrated by
Jennings[10], reactive architectures have a major highlight
that the overall behavior emerges from the interaction of the
component behaviors when the agents are placed in their
environment.
Subsumption model is the most typical reactive architecture originally raised by Brooks[11]. In this model, the
modules are loosely coupled to form layers. By putting
the inhibitors and suppressors on proper positions of each
layer, the upper layers can either suppress or subsume some
function units of the lower layers, and the lower layers can
send feedback to the upper layers. This increasingly leads
to complex intelligence of a robot. In addition, he built a
series of impressive robots using the subsumption model[6].
Currently there is very limited research work about combining robot software platforms and agent architectures
together, especially about implementing the subsumption
model on ROS for the control system of mobile robots.
In [12], Wicaksono tried subsumption model in developing
a bahavior-based mobile robot. But he just verified the
feasibility without considering the modularity. In [13], Piotr
applied model-driven engineering approach to subsumptionbased robot control. However, he just proposed an idea
and didn’t realize it in any physical robot. In [14], Jay
extended Piotr’s work to a physical robot. He implemented
the subsumption-based controller as a single RTEdgeTM
process. The platform he used is compatible with ROS.
Nevertheless, ROS is just seen as a middle layer here and
the abundant function units of ROS can’t be reused directly.
In other words, the modularity was not guaranteed either.
COROS[15] is an inspiring work in building a multi-agent
architecture upon ROS for cooperative robots.
In this paper, we implement subsumption model on ROS
for building control systems of mobile robots. First, we
abstract the modules of subsumption model into ROS nodes.
Second, we use the ROS-based finite state machines to
describe the behaviors inside the modules. And then, we
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Fig. 1. The three-layer control architecture of the subsumptionbased autonomous wander robot originally designed by Brooks.

use the loosely coupled communication mechanism (publish/subscribe) of ROS to implement the communication
between modules. Most importantly, we provide a template
for designing the ROS-based inhibitors and suppressors.
Next, we reproduce Brooks’ autonomous wander robot using
the ROS-based subsumption model and make an experiment
in simulating environment. Finally, to further validate our
idea, we build a security patrol robot and it works well in
the real world.
Our approach provides a powerful and flexible
subsumption-based developing template for the control
systems of ROS-based mobile robots. By using this method,
the developers may benefit from the following aspects.
• Simple and templated method for the behavior description and coordination.
• Minimum learning cost for the programmers familiar
with ROS.
• Direct reuse of the abundant function units provided by
ROS.
This paper is organized as follows. Section II presents an
instance and details how to use the ROS-based subsumption
model to implement it. Section III details the modeling of
a security patrol robot using the ROS-based subsumption
model. Section IV demonstrates the exprimental results. Finally, Section V provides conclusions and some discussions
about the future work.
II. ROS-based Template for the Subsumption Model
We will use ROS interfaces to implement a template,
by which one may easily construct a subsumption model
on ROS. To be more understandable, we take Brooks’
autonomous wander robot as the example to demonstrate
how to implement the template.
A. The autonomous wander robot modeled on ROS
In Brooks’ original work[11], he implemented a threelayer autonomous wander robot to validate the subsumption

model he proposed (Fig. 1). Each layer is composed of
loosely coupled modules (rectangles) with different colors.
The modules are connected by directed lines with message
names, which means the named messages can be sent from
one module to another. The functions of each layer are
described as follows[11].
• Layer 1 (blue): Avoid contact with objects (whether
the objects move or are stationary).
• Layer 2 (orange): Wander around aimlessly without
hitting things.
• Layer 3 (yellow): Explore the world and heading for
the reachable places.
The three layers are stacked together by two suppressors
(the ‘S’ circles) and one inhibitor (the ‘I’ circle). Suppressors
can suppress the output messages and inhibitors can inhibit
the input messages if the messages from upper arrows come.
B. Behavior Description inside Modules
In the ROS-based subsumption model, all the modules
are represented as ROS nodes. Brooks used a finite state
machine to describe the behavior inside each module. Each
state machine is composed of four types of states including
output, side effect, conditional dispatch and event dispatch.
For example, Fig. 2(a) presents the finite state machine in
the ‘avoid’ module designed by Brooks, which is responsible
for selecting a dircetion (formalized as a heading message)
according to the reiceived force and heading messages. The
‘nil’ state (type of event dispatch) waits the two messages.
If they come together, it will turn to the ‘plan’ state (type
of side effect) and calculate a result. Then, the result will
be compared with a threshold, which is the ‘go’ state (type
of conditional dispatch). If the result is smaller than the
threshold, the ‘start’ state (type of output) will output the
result. Else, it will wait for the comming messages.
Fig. 2(b) presents how to implement the finite state
machine mentioned above on ROS. There are two callbacks
in the avoid module including the heading callback and
the force callback. Both of them implement a finite state
machine. The one in the force callback (right in Fig. 2(b)) is
responsible for subscribing the force messages (the ‘monitor’
state) and saving it into a shared variable (the ‘update’ state).
The other in the heading callback (left in Fig. 2(b)) is in
charge of subscrbing the heading messages (the ‘monitor’
state). It calculates the result according to the subscribed
messages and the shared variable (the ‘plan’ state). Besides,
the result is outputed by a ROS publisher (the ‘start’ state).
This behavior description method can be applied to any
modules in the ROS-based subsumption model.
C. Communication between Modules
In ROS, software modules are represented as ROS nodes,
which can communicate with each other by the publish/subscribe messaging mechanism. One ROS node may
publish messages with a topic name, and another ROS node
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Fig. 2. Brooks designed formalized finite state machines to describe the behaiviors inside the modules. We provide a template to implement
them on ROS. (a) An instance of the finite state machine implemented in the ‘avoid’ module designed by Brooks. (b) The two finite state
machines in the ROS-based ‘avoid’ module are implemented in two callbacks. They communicate with each other by a shared variable.

may subscribe these messages by using the same topic name.
After that, the two nodes can send and receive messages on
the given topic with each other asynchronously. There are
callback functions in ROS nodes. They are triggered by the
sporadic messages and responsible for handling them.
In the ROS-based subsumption model, the communication between modules are implemented on top of ROS
publish/subscribe messaging mechanism. For example in
Fig. 2(a), the ‘sonar’ module publishes messages with the
topic ‘map’, and the ‘feelforce’ module and ‘collide’ module
both subscribe messages with the topic ‘map’, so that the
‘sonar’ module can send messages asynchronously to both
the ‘feelforce’ module and the ‘collide’ module.
By this method, a developer can reuse some ROSprovided function units, and write other modules to communicate with them asynchronously. But in some special
cases, the function unit to be reused may have a synchronous
communicating interface(e.g. the navigation stack in ROS
uses the synchronous action communicating mechanism).
The developer should apply the same kind of asynchronous
communicating mechanism (server/client or action) to the
modules he writes to communicate with that function unit.
D. Inhibitors and Suppressors
The inhibitors and suppressors are the most important
parts of the subsumption model. If we want to add another
behavior to a subsumption-based robot, we just need to
add other function units upon it to form another layer with
inserting the inhibitors and suppressors on proper positions
of the lower layers. A message from the upper layer flowing
into the inhibitor can inhibit the message from the lower
layers for a pre-dertermined time (the time constant in the
‘I’ circle in Fig. 1). Any messages sent by the module to
the output line where the inhibitor is put on will be lost
during that time period. For example, in Fig. 1, by using
the inhibitor, a startlook message sent by the ‘whenlook’
module will inhibit the output of the ‘wander’ module for

75 units of time.
The function of the suppressors is that, it not only
suppresses the lower-layer input, but also provides an upperlayer replacement for a pre-determined time (the time constant in the ‘S’ circle in Fig. 1). For example, in Fig. 1,
by using the suppressor, a heading message sent from the
‘avoid’ module will replace the input of the ‘turn’ module
for 20 units of time.
In the ROS-based subsumption model, the inhibitors are
implemented by ROS nodes composed of two callbacks.
One is triggered by the lower-layer coming messages and
the other by the upper-layer. There is a timestamp in both
the upper-layer callback and the lower-layer callback. The
timestamp will be updated in every time of the callback
execution. When the inhibitor node receives a lower-layer
coming message, it will subtract the two timestamps and
check if it is smaller than a predefined inhibiting timespan.
If so, the message will be inhibited. Otherwise, it forwards
the message to its receiver node.
The suppressor node is similar, but additionally, the upperlayer callback in the suppressor node also has a publisher.
The publisher unconditionally forwards the upper-layer messages to the receiver node.
If the two modules A and B are communicating with each
other and an inhibitor or a suppressor X is newly inserted
between them, then one communicating line between A and
B should be changed to two: one represents A communicates
with X, the other represents X communicates with B.
III. Control System Modeling of a Security Patrol Robot
The ROS-based subsumption model described in section
II can be used to incrementally develop all kinds of ROSbased mobile robots. In this section, we extended the threelayer autonomous wander robot to a six-layer security patrol
robot using the ROS-based subsumption model (Fig. 3). The
functions of the lower three layers are just like what Brooks
described. We wrote and reused some ROS function units,
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Fig. 3. The control architecture of the security patrol robot using the ROS-based subsumption model.

inserted some inhibitors and suppressors, and organize them
to add another three layers. It is an incremental developing
methodology. The function and composition of the upper
three layers are detailed below.
1) Layer 4: patrol in a known environment
In the fourth layer, the robot can patrol in a known
environment. The ‘patrol’ module sends goal messages to
the ‘navigation’ module (navigating stack in ROS). Then, the
‘navigation’ module sends motor messages to the suppressor,
which can replace the motor messages sent by the lower
layers. When the robot reaches the goal, the ‘navigation’
module will send a reach message to the patrol module.
When the ’patrol’ module receives the reach message, anoter
‘goal’ message will be sent. The ‘alarm module’ and ‘soud
play’ module are responsible for alarming.
2) Layer 5: detect and follow a suspicious object
In the fifth layer, if the robot detects some suspicious
target, it will follow it and alarm. The visual tracking
algorithm we use is the famous TLD (Tracking-LearningDetection)[16]. Ronan encapsulated it into a ROS package. By using the package, the target to track can either
be selected manually or autonomously (in fact, the robot
can only autonomously recognize faces). Then the ‘track’
module sends the tracked target (a bounding box) to the
‘follow’ module. Finally the follow module calculates the
offset and area change of the bounding box in the range
of vision and transform them into the motor messages. The
motor messages will be sent to the suppressor to replace the
lower-layer motor messages. The inhibitor in the fifth layer
is responsible for stopping the robot immediately, so that
the modules in the fifth layer has time for implementing the
following and alarming tasks.
3) Layer 6: remote detect and control manually
In the sixth layer, a surveillant can see what the robot
sees, select the target and use keyboard to control the
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Fig. 4. The simulating robot in two kinds of environment. (a) Two
long corridors with an obstacle. (b) Sparse obstacles throughout
the whole map.

robot in a remote terminal (A laptop, desktop PC or smart
phone). When a suspicious target is detected, it will also
stop the robot using the inhibitor. And the target selected
manually will replace the target selected autonomously by
the suppressor. By using the inhibitors and suppressors, the
system will work as a whole.
The experimental results shown in Section IV validate the
availability and reliability of the security patrol robot.
IV. Experiments
A. Experimental setup
1) The autonomous wander robot for simulation
Fig. 4 shows the simulating robot in two kinds of environment. The experimental environment is based on the stdr
simulator of ROS. The lower two layers are just like what
Brooks described. But we simplified the third layer and used
a laser scanner instead of the stereo camera. The sensors are
detailed below.
Twelve sonar sensors: The sonar sensors are the green and
grey part in Fig. 4. The coverage angle is 360 degrees.
The maximum detection range is 3 meters and the
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Fig. 5. The experimental physical robot and the real environment.
(a) A turtlebot with a Kobuki base, a kinect sensor and a laptop.(b)
A pingpong room with a pingpong table in it.

minimum is 0.3 meters. If the detected range is larger
than the maximum or less than the minimum, the color
of the sonar-covered area will be grey.
A laser scanner: The laser scanner is the red part in Fig. 4.
The coverage angle is 270 degrees. The max detection
range is 8 meters, and the minimum is 0 meters.
2) The physical security patrol robot
Fig. 5 presents the experimental robot and the real environment (the pingpong room in our laboratory) (Fig. 5(b)).
The experimental robot is a turtlebot (Fig. 5(a)), an integrated development platform for ROS applications which
has two types of sensors.
A microsoft kinect: The kinect can sense RGB-D image.
The max detection range is about 3.5 meters, and the
minimum is about 1.2 meters.
A bumping sensor: The bumping sensor can sense obstacles ahead (left, center or right). But the robot can not
sense the obstacles until it bumped into them.

Fig. 6. Trajectory of the robot in the simulating environment. (a)
Under level 1 in the first map. (b) Under level 1 in the second map.
(c) Under level 2 in the first map. (d) Under level 2 in the second
map.
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B. Experimental results
1) The simulating autonomous wander robot
Under level 0, the robot found an open area and stayed
there until another robot approached it. Fig. 6 shows the
trajectory of the robot. As shown in Fig. 6(a) and Fig. 6(b),
under level 1, the robot wandered aimlessly without hitting
obstacles. As shown in Fig. 6(c) and Fig. 6(d), it explored the
open places by the laser scanner, which showed the increased
autonomy. The sonar sensors also played an important role
in level 2. They can help avoiding the local obstacles.
The exprimental videos in the simulating environment can
be downloaded on the micROS website of our research team.
(http://micros.nudt.edu.cn/ros/projects/289/files?flag=true)
2) The physical security patrol robot
Fig. 7 shows the experimental results of the six-layer
security patrol robot in the real environment (a pingpong
room) from level 0 to level 5.
Under level 0, the robot stayed there without moving.
When a person approached it, it moved backward (Fig. 7(a)).
Under level 1, the robot wandered aimlessly, if it hitted obstacles, it moved backward (left, center or right)
(Fig. 7(b)).

Fig. 7. The experimental results in the real environment, the white
arrows represent the trajectory of the robot.(a) Under level 0. (b)
Under level 1. (c) Under level 2. (d) Under level 3. (e) Under level
4. (f) Under level 5.

Under level 2, the robot moved along the corridors in the
pingpong room with avoiding obstacles (Fig. 7(c)).
Under level 3, we first built a 2D map of the pingpong
room using gmapping package in ROS, and set goals at the
four coners of the pingpong room. The robot then patroled
goal to goal.(Fig. 7(d)).
Under level 4, A suspicious target (another turtlebot
with a face photo) appeared in the room. The patorling
robot aoutonomously recognized it and stopped the robot
immediately using the inhibitor. Then the robot alarmed and
followed the target. If the suspisous target disappeared, it
would navigate to the previous goal and continue to patrol
(Fig. 7(e)). Under level 5, a surveillant saw what the robot
saw in the remote terminal (Fig. 8). He could select the target

Fig. 8. Under level 5, in the remote terminal, a surveillant can see
what the robot sees and select a suspicious target manually.

manually in the remote terminal and press enter to start the
following action. The surveillant could also manually control
the robot to move. The robot would continue to patrol
(Fig. 7(f)) when the control of the surveillant terminated.
The exprimental videos in the real environment can be
downloaded on the micROS website of our research team.
(http://micros.nudt.edu.cn/ros/projects/289/files?flag=true)
V. Conlusions and Future Work
This paper combines subsumption model and ROS together to provide developers with an easy-to-use template
for building mobile robots. In future work, we aim to
increase development efficiency, and add concurrency and
real-time mechanism to optimize the communication and
execution. We also consider about extending the ROS-based
subsumption model to multi-robots. Other kinds of agent
architectures will be tried, too.
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