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ien
eTakustr. 9, 14195 Berlin, Germanyfrojasjbehnkejliersjknippingg�inf.fu-berlin.dehttp://www.fu-fighters.de1 Introdu
tionOur F180 team, the FU-Fighters, parti
ipated for the third time at the RoboCup
ompetition. This year we used a heterogeneous team, 
onsisting of improveddi�erential drive robots and new omnidire
tional robots. We designed new ele
-troni
s and added predi
tion and path planning to the behavior 
ontrol. Ourteam won fourth pla
e in the SmallSize league 
ompetition.2 Team DevelopmentTeam Leader: Ra�ul Rojas (
ollege professor)Team Members:Sven Behnke (s
ienti�
 sta�): general designA
him Liers (s
ienti�
 sta�): ele
troni
s, me
hani
sLars Knipping (s
ienti�
 sta�): behavior 
ontrolBernhard Fr�ots
hl (s
ienti�
 sta�): web site, organizationMark Simon (student): global vision, user interfa
eKirill Koule
hov (student): behavior 
ontrol, mi
ro
ontroller programmingLars Wolter (student): behavior 
ontrol, user interfa
eOliver Ten
hio (student): me
hani
s3 Me
hani
al and Ele
tri
al DesignFor RoboCup 2001 we built a new generation of omnidire
tional robots as shownin Figure 1. The robots are equipped with three DC-motors that have an inte-grated 19:1 gear and an impulse generator with 16 ti
ks per revolution. Theydrive spe
ial wheels whi
h allow for omnidire
tional movement [4, 5℄. Further,the robots use a rotating ki
king devi
e. We also used spe
ialized robots asdefenders or for o�ense when appropriate. They are also shown in the �gure.For lo
al 
ontrol we developed a new mi
ro
ontroller board that is based onthe Motorola HC12, as shown in Figure 2. This 
ontroller features 8KB RAM,2KB EEPROM, 128KB 
ash, several timers, four PWM-units, digital I/Os, eightanalog inputs, two RS-232 serial lines, and a CAN interfa
e. The board 
andrive with pulse-width modulation four DC-motors and 
aptures the impulses
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Fig. 1. Di�erent robots designs. From left to right: 
lassi
al two wheeled design, twowheeled defender, and robot with omnidire
tional drive.generated by them. Further, four servos 
an be steered and eight on/o� swit
hes
an be used. A mezzanine board 
ontains a radio trans
eiver SE200 working inthe 433MHz band that 
an be tuned to 15 
hannels in 100kHz steps.The robots re
eive 
ommands via a wireless serial link with a speed of 19,200baud. The host sends 10-byte pa
kets that in
lude address, 
ontrol bits, motorspeeds, and 
he
ksum. The mi
ro
ontroller de
odes the pa
kets, 
he
ks theirintegrity, and sets the target values for the 
ontrol of the motor speeds.Our robots are powered by 8 Ni-MH re
hargeable mignon batteries. We im-plemented lo
ally a PID-
ontrol of the motor speeds.

Fig. 2. HC12 mi
ro
ontroller board.
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tionThe only physi
al sensor for our behavior 
ontrol software is a S-VHS 
amerathat looks at the �eld from above and outputs a video stream in NTSC formatthat is 
aptured by a PC. The 
omputer vision system running on the PC �ndsand tra
ks the ball and the robots. We used an improved version of the systemdes
ribed in [2℄. Unfortunately, the information about the world is extra
ted witha delay 
aused by 
ommuni
ation, me
hani
al 
onstraints, and the 
omputer vi-sion system. The feedba
k (the result) of an a
tion de
ision is per
eived typi
allybetween 100ms and 150ms after the de
ision has been made. This 
auses prob-lems when robots move fast, produ
ing overshooting or os
illations in movement
ontrol. One way to deal with the delay would be to move more slowly, but thisis often not desirable.Our approa
h to solve that problem is to predi
t the movement of the robotsfor the next few frames. We feed the last robot positions and orientations (rel-ative to the 
urrent robot position and orientation) and a
tion 
ommands to afeed forward neural network that is trained to predi
t the robot position andorientation for a point in time 130ms away. We train the network with re
ordeddata before the game. The predi
ted positions and orientations are used for be-havior 
ontrol. This approximately 
an
els the e�e
ts of the delay and allows forfast and exa
t movement 
ontrol.5 Hierar
hi
al Rea
tive Behavior and Path PlanningWe use a hierar
hy of rea
tive behaviors to 
ontrol the robots. Simple behaviorsare arranged in layers that work on di�erent time s
ales. Fast primitive behaviors,su
h as taxis are implemented in the lowest layer. More 
omplex, but slowerbehaviors are produ
ed by the higher layers of the system. A more detaileddes
ription of our 
ontrol ar
hite
ture is given in [1, 3℄.Sin
e the �eld is very 
rowded and signi�
ant 
onta
t with other robotsmust be avoided, we implemented a path planner on the se
ond layer of thebehavior 
ontrol system. The path planner �nds a path from a start point (the
urrent robot position) to a goal (the desired robot position). Using dynami
programming and best-�rst sear
h it 
omputes the 
heapest path on a grid thatavoids obsta
les su
h as other robots or the defense area. Figure 3 illustratesthe behavior of the path planner. After the path has been found, the �rst pointA where the path signi�
antly turns is determined and 
ommuni
ated as targetposition to the lowest 
ontrol level. As the robot moves towards A, the path is
onstantly re-planned and the turn point A moves towards the goal.6 Future WorkIn order to redu
e the 
ontrol delay, we plan to implement a larger portion ofour behavior hierar
hy dire
tly on the robots. To allow for faster and more exa
tmovement, fast lo
al sensors for robot motion and obsta
les are needed. We also



4 R. Rojas, S. Behnke, A. Liers, and L. Knipping

Fig. 3. Pathplanner. The shading of 
ells 
orresponds to 
ost. Expensive dark 
ells are
aused by obsta
les, su
h as other robots and walls, and by the defense area that shouldnot be visited by �eld players. The dark blue 
ells show the path with the smallestaggregated 
osts that is 
omputed by a best �rst sear
h that visits only parts of thegrid. White 
ells need not be 
onsidered. Point A is the �rst signi�
ant turn on thepath. This point is 
ommuni
ated to the lowest layer in behavior 
ontrol together withthe dire
tion towards point B. The robot drives from start towards A su
h that it 
annext turn to B. As the robot approa
hes the goal, the path is updated and points Aand B move 
loser to the goal.plan to develop more sophisti
ated ball handling me
hanisms and 
ontrolledki
ks that are needed for 
omplex behaviors su
h as passing.Referen
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