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Introduction 

•  Probabilistic methods have 
proved to be good at deciding 
the most convenient action to 
be performed by a soccer 
robot under a specific game 
situation, based on 
maximizing or minimizing 
some scoring probability 
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Game Strategies 
An interesting question expressed in linguistic 

terms would be:  
 
•  “Is it, in general, better to kick the ball before the 

opponent team does, even if there is a potential 
risk of scoring an own goal?” 
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Game Strategies 

4 Adalberto Llarena, David A. Rosenblueth

In contrast to [13], the present work focuses on soccer for robots equipped
with an onboard camera as the unique sensor used for estimating the system
state and deciding the actions to perform. Moreover, by experimenting with
specific values of probabilistic parameters, our method can be used to detect
the weakest link in the sensing-detection-action process. The behavior of such
a link can then be improved to increase the overall performance of a robot.

Another related work exploring the use of model-checking techniques in
RoboCup is [12,19]. These works are, as far as we know, the first uses of
model checking in RoboCup. In [12] model checking is used over hybrid au-
tomata, which employ both continuous and discrete variables. Model checking
is applied both to RoboCup Rescue and to Robocup Soccer leagues. In the
case of the rescue example, several properties can be verified, such as “is it
possible to extinguish the fire?” and “does the agent try to extinguish with an
empty water tank?”.

1.3 Probabilistic model checking for strategies in robot soccer

Just as model checking was employed in [12,19] to answer questions about the
behavior of a rescue robot, we wish to answer corresponding questions about
game strategies for soccer robots.

In this sense, an interesting question expressed in linguistic terms would
be:

Q: “Is it, in general, better to kick the ball before the opponent’s team does,
even if there is a potential risk of self-scoring?”

To answer this question, the first thing we have to do is to build the model.
Therefore, we must establish both the states and the actions the soccer robots
can perform.

According to the RoboCup requirements, the very basic skills that a hu-
manoid robot must have to be capable of participating in the RoboCup’s
Humanoid Kid Size Category (http://www.tzi.de/humanoid/) are:

1. locating the ball (ball searching action),
2. approaching the ball (ball approaching action),
3. positioning for kicking, which implies:

(a) locating the opponents’ goal (goal searching action) and
(b) orienting the kick towards that direction (goal orienting action),

4. kicking (kick action), and
5. ability of standing up if the robot falls over.

It can be noticed that any control program must decide among these basic
actions during a robotic soccer match. Although a state-machine can be pro-
grammed for performing each action in a sequential order [11,20], the stochas-
tic nature of actions like approaching to the ball or even detecting the opponent
goal make that kind of systems incapable of dealing with such uncertainty. In
this form, more complex models that include uncertainty on the own and the
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Then, the overall probability of detecting and hitting the ball 
towards the opposing goal given a game situation S can be 
calculated as: 
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Probability pb of locating the ball 
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Probability pd of approaching the ball 



Model checking applied to humanoid robotic soccer 

 

Humanoid Robotics 

Adalberto Llarena 

RoBOW’12.3 

Probability pg of finding the opposing goal 
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Probability po of orienting a goal while 
keeping the kicking distance 
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Probabilities of scoring a goal 
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Model Checking 
A key idea of model checking is the use of temporal logics 
for specifications, where the truth of statements can vary in 
time. Perhaps a reason for the success of model checking 
lies in the fact that temporal logics, unlike other 
formalisms, have a close connection with natural language, 
allowing the expression of statements such as 
 

“is it possible to extinguish the fire?"  
“does the agent try to extinguish the fire with an empty 

water tank?". 
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Model Checking 

Probabilistic model checking with PRISM for humanoid robot soccer 7

3 Model checking with PRISM

3.1 The PRISM model checker

PRISM [13] is a probabilistic model checker supporting many types of prob-
abilistic models, including MDPs, plus extensions of these models with costs
and rewards.

Models are described using the PRISM language, a simple, state-based lan-
guage. This language incorporates the various temporal logics, including prob-
abilistic computational-tree logic (PCTL), used for model-checking MDPs, as
well as extensions for quantitative specifications.

3.2 Probabilistic computational-tree logic

Probabilistic computational-tree logic (PCTL) [11] is an extension of compu-
tational-tree logic (CTL), which in turn is an extension of Boolean logic. We
thus start by summarizing CTL, and proceed to extend CTL to PCTL.

3.2.1 Computation-tree logic

CTL extends Boolean logic by employing truth with respect to a particular
state (or world). States, in turn, are related by an accessibility relation rep-
resenting time. The accessibility relation is total in the sense that every state
has an outgoing transition. An infinite sequence of states following such an
accessibility relation is called a path. Thus, a Kripke model is a set of Boolean
variables, together with a set of states, an accessibility relation, and a truth
value for each Boolean variable at each state. (Graphically, only the variables
which are true are normally written; see Fig. 2.)

b

b d

d

s1

s0

s3

s2

Fig. 2 A Kripke model.

In addition to Boolean operators, such as negation !, conjunction &, and
disjunction |, CTL formulas can have temporal operators, allowing us to refer
to formulas which are true in the future of a particular state. In this case,

8 Adalberto Llarena, David A. Rosenblueth

we must indicate, with path quantifiers, whether we mean some future or all
futures. Hence, we must refer either (1) to some path starting in the current
state with the existential “modality” E, or (2) to all paths starting in the
current state with the universal modality A. Similarly, we can refer (a) to
the immediate future with the modality X, (b) to some state in the future
(including the present) with the modality F, or (c) to all states in the future
(including the present) with the modality G. The following table summarizes
these modalities.

modality meaning

E some path (i.e., there Exists a path)
A All paths
X neXt state (i.e., immediate future)
F some state either in the present or in the Future
G all states in the present and in the future (Global)

A CTL temporal operator is composed of a modality in the upper part
together with a modality in the lower part of this table, resulting in six tem-
poral operators. For example, a formula asserting that there exists a path
such that in the present or in the future b is not true and g is true would be:
“EF ((!b)&g)”.

Often more temporal operators are included in CTL. For example, a gen-
eralization of “EF�”, written “E[↵U�]” (for “Exists Until”), holds when �

holds in the present or in the future, traversing only states in which ↵ holds,
where ↵ and � are subformulas, such as true, false, !b, (!b&!d), etc. Hence,
“EF�” can be viewed as a shorthand of “E[trueU�]”.

Normally, a model checker for computation-tree logic (CTL) has as input
a Kripke model representing a system, a distinguished initial state, and a
temporal-logic formula expressing a desirable property.

3.2.2 Probabilistic computation-tree logic

In PCTL, path quantifiers have been replaced by probabilities. Thus, instead
of saying that some property holds for all paths or for some paths, it is pos-
sible to express that a property holds for a certain fraction of the paths. In
addition, PCTL temporal operators are equipped with time bounds. Exam-
ples of properties expressible in PCTL are: with at least 50% probability b

will hold within five time units (P
MAX�0.5[F5 b]) and, with at least 99%

probability d will hold continuously for 20 time units (P
MAX�0.99[G20 d]),

where each time unit is a state transition. PCTL formulas can be interpreted
over MDPs [2]. Moreover, it is possible to leave the probability blank, asking
the model checker for the computation of such a value, as: P

MAX=?[G20 d].
The fact that PRISM can compute this value allows us to use such a model
checker as a decision-making tool.

An MDP can be viewed as a Kripke model where the accessibility relation
depends on certain actions that can be performed on every state. Now each

EF ((!b)&d) 
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MDP Verification 
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MDP Verification 

Oriented: 
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MDP Non-Trivial Verification 
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MDP Non-Trivial Verification 

This is almost four times more probable scoring a goal in 
the opponent’s frame with a fast kick than with an 
oriented kick (the main problem will be that the robot 
could actually score in its own goal).  
 
This is a more interesting result. 
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Videos 
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Experiments 

When comparing pus and puso in both graphs for an average 
turning speed of 50% less than the opponents', in all the cases 
the scoring probability for fast kicking (FK) was greater than 
that for goal oriented kicking (GO), no matter how good a 
vision detection system the robot could have.  

(FK) 
pus puso puso 

pb pb 

pd pd 

(GO) 
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Conclusions 
•  The use of model checking strategies under MDPs 

allows designers and programmers to evaluate and 
predict the overall performance of a team by 
analyzing a set of playing skills. 

•  As each ability (probability) is evaluated considering 
the developed systems, it is feasible to find the 
strengths and weaknesses of these systems. 
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Future Work 

•  We are developing an on-board model 
checker for evaluating and activating specic 
strategies during the match (such as passing 
or having the goalie as attacker). 
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