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Abstract. This documenipresentghe 2011 edition of the teamDutch Robotics
from The Netherlands Our team gathersthree Dutch technical universities,
namely Delft University of Technology,EindhovenUniversity of Technology
and University of Twente,andthe commercialcompanyPhilips. We contribute
an adult-sizehumanoidrobot TUIlip, which is designedbasedon theory of the

limit cycle walking developedn our earlierresearchThe key of our theoryis

tha stableperiodicwalking gaitscanbe achievedevenwithout high-bandwidth
robot position control. Our control approachs basedon simultaneougposition
and force control. For accurateforce control, we makeuseof the SeriesElastic
Actuation. The control software of TUlip is based on the Darmstadt's
RoboFrameandit runson a PC104computerwith Linux Xenomai.Thevision

systemconsistsof two wide-angle camerasgeachinterfaed with a dedicated
Blackfin processorrunning vision algorithms, and a wireless networking
interface.

1 Introduction

It is well-recognized tha the annud RoboQup events promote the implementation
of biomedanicd andogies in roboics. One shoud in paticularly acknowledge
importance of theseevents for devdopment of humanoid robots tha, year after year,
feaure more and more human-like capabiliti es. Besides humen-like appearance and



kinematics, which are the most obviouslinks beween humans and humanoids, these
robot progressively aqquire cgpabilities of humans tha bdong to the domeins of
cognition, motion control and execution. Especially appealing for implementation in
roboss is the locomotion ability of humans, having in mind its advantages in terms of
versdility and energy-efficiency. Recently, we have demonstated human-like
efficiency in robotwalking [1-6], thanks to the devéopment of the theory of “Limit
Cycle Walking” [7]. It is our ambition to demonstate merits of this theory on our
humanoid robot TUlip at the RoboQup 2011. Besides research on bipedd walking,
our RoboQup robotwill demonstate our latest human-like vision ednology.

The purposeof this doaument is to introdue our humanoid robot TUIip, which is
intended for competitions n the Adult-size Humanoid Leaguein Istanbul, 2011.

2 Mechanical Design

TUlip is an adult sized (1.30m, 19kg) 17 degrees of freedom (DOF) autonorrous
humanoid robot, see Fig. 1. All DOF's are eledricdly aduaed. It is designed to
feaure a wide range of motionsin the lower body joints. The hips ead have 3
degrees of freedomwhich alow for 90° aboutthear x and z axis, and more than 180°
around hery axis.
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Fig. 1. Adult-size humanoid robot TUIip: phob, CAD drawing and kinematic
configuration in thelower body.

1 N.B. We adoptX-Y-Z coordinateghat correspondo depth,width andheightof the
robot, respectivelyX is from backto front, Y is from right to left feet,andZ is from toe to
head.



3 Walking

3.1 Limit Cycle Walking

Our research on bipedd locomotion focuses on design and experimental
demonstations of energy-efficient and human-like walking gaits. This reseach is
founde uponthe theory of Passive Dynamic Walking [8], which consders passive
legged mechanisns cgpable of walking down a shdlow slope without application of
aduators or control. Since motionsof suc mechanisns are naturaly stable, no adive
control is needed. Thar energetic costduring walking is lessthan 0.1 Jouks per unit
of weight per meter traveled. Passive dynamic walkers are later on enhanced by week
aduators [1,6], leading to prototypes tha can walk on level ground with energy
consunption of the same range as human walking but ten times more efficient [1]
than the HondaAsimo [9]. Asimo and the mgjority of the acdud bipeda robots make
useof high-bandwidth postion control in al ther joints for acarate tracking of the
pre-defined tragjedories. Position control, however, does not fit well with the purpose
of walking. It does notmatter much wha the exact knee ange is, for example, as long
as it bends sufficiently during the swing phase We promote idea of trading the
postion acairacy for power efficiency, by means of force control. To redize sut an
idea in pradice, we do not aduae our robot with standad sevo motors, but we
design ourown ectuation sysem.

3.2 Joint Actuation

TUIip uses Series Elastic Actuaion [10]; a spiing is placal between the load and
the motor (i.e, in the sted cable connecting the motor with the joint). The rotationd
difference between the motor and the joint (measured with two encode's) determines
the spring expansion and thus he actuaion rque

Thejoints aduated troughseries elastic adudion are the R, (pitch rotation) of the
knee, ankle and hip as well as the R, of the ankle. In addition to alowing acarate
force control, the seies elastic aduation asoincreases shod tolerance for the motor
gearbox.

Our robot TUIip is aduated with Maxon DC motors, three of which are located in
eat hip (R, R, R), two in ead ankle, onein ead knee, and onein ead shouter.
All themotors haveopticd encodes. Trander of torquein thedrive trainsis donevia
planetary geaboxes.



4 Electronics

4.1 Amplifiersand sensors

The MAXON motors are powered by ELMO WHISTLE 5/60 and 20/100 digital
servo amplifiers that are PWM controlled by a PC104 stack. In addition, there is a
Mesa 4165 Anything-1/0 PCB running the Mesa Hostmot12 software on its onboard
Xilinx Spartan-11 200k gate FPGA.

The hip, knee and ankle of both legs have eight additional SCANCON encoders
that are connected to a second 4165 PCB running a modified version of the
Hostmot12 software on its FPGA. Each foot has four Tekscan Flexiforce pressure
sensors to determine position of the center of pressure. The force sensors are
interfaced using a custom-designed ARM7 board, which linearizes the sensor signals
and gives the pressure values to the central controller. Furthermore, the ARM7 board
is equipped with a STMicroelectronics 3D accelerometer, which is used to precisaly
detect moments of impacts of the foot with the floor or with the ball. The feet
electronics are interfaced to the main control system using a standard USB interface.
Their signals are used as feedback information for walking stability control, together
with readings from an Xsens Mti sensor in the upper body.

4.2 Control System

Both Mesa 4165 PCB'’s and a 5VDC power supply are mounted on a PC104-Plus
stack of an EPIC format sized Diamond Poseidon single board computer with a 1IGHz
Via Eden CPU. The Poseidon PCB contains 512MB SDRAM, a 4GB Flashdisk,
digital and analog 1/O’s. All encoders are connected to a custom designed connection
PCB, while 12 Whistle servo amps are mounted on 2 custom designed PCB’s.

The computer is powered by a Kokam 3-cell 6 Ah LiPo battery, the motors by a
separate 8 cell 3.3V Ah LiPo battery. Uptime with this setup is about 30 minutes. A
PCB with battery monitor 1C's automatically switches off the power to prevent
excessive discharge of the batteries.

On the Poseidon we run an Xenomai Linux build on Debian as RTOS platform.
Linux drivers for the Mesadl65 Anything-1O boards have been developed by the
Embedded Systems group of the University of Twente.



5 Software

5.1 Overview

The software control sydem of TUIlip is based on the conaept of indgrendent
modules, eadh performing a speific own task. The correspondng software
architedure is based upon the RoboFame framework devdopel by the German
RoboQup team of Darmstadt Technicd University [11]. This C++ based framework
provides a numbea of seavices to robot control applicaions, suth as module
managenent, timers, intra and inter-process communicaion, a GUI template, and
wireless LDP communicdion usig 802.11g halware.

As the TUIip robot is partly devdopel basedl on principles of the biped Flame,
designal at the University of Delft, their software designs are similar. Flame uses a
motion control based on hierarchicd state macines. The state machines aid efficient
conaurrent design and implementation of the various bé&aviors for robot control.

To offer a paticular sevice to the rest of the applicaion, a module needs to
publish a well-defined interfaceconsiting of messayes tha can be transnitted using
the communicaion fadliti es suppled by the RoboRame. An example of theinterface
is the sd of commandsthe motion module accets from the rest of the sysem; eath
messae indicates apaticular type of motion and, optondly, alist of paameters.

The main modules are Motion, Vision, Communications, World Modd and
Strategy. All thesemodules un on he Posedon BC.

5.2 Motion

The RoboFRame has nonative software suppot for red-time platforms required for
motion control. Therefore, this part of the sysem is implemented outside of the
RoboRame applicaion, but still on the Posédon SBC. Thee are no dedicaed
hadware control sysems. For operationd reliability, the motion control is
implemented as a seaate red-time process interfadng with an adgpter module
which runs inside the Robd-rame applicaion. This RoboRame module accets
commands from other modules (strategy) and relays these to the red-time process
running the adud motion control. Sensordaa from the motion controller is sent back
throughthe adapter for useby therest of the modules. This prevents disastrousmotor
behaior when anon ed-time gpplicaion (vision and bénavior modules) crashes.

5.3 World Model

Theworld modd is responsble for maintaining information aboutthe state of the
externd world. It recaves sensordata from both the motion and vision modules, as



well asinformation throughthe communicaionsmodule. All other modules tha need
information on the robot state (attitude postion, viewing diredion) depend on the
world modd. Strategy relies on the world modd for performing autonorous control
of therobot ations n the socer field.

6 Vision

6.1 Head

The stereo vision sysem on the head is the Surveyor SVS, and it conssts of two
wide-angle camera modules, eat equipped with a dedicaed on-boad Bladfin
processor LAN communicaion connets both cameras to the Posédon computer.
The processos run a firmware for detedion of objeds by color and extradion of 3D
coordinaes of theseobjeds.

Thehead is connected to the body by three Dynamixel RX-28 motors giving three
DOF's in the nec. The head-neck combinaion is about 15am of haght Ranges of
motion are 180 for panning, 100 for tilting and a forward-backward stroke of about
4om.

6.2 Control

The stabilizaion algorithm uses orientation and accéeration daa from the Xsens
to counerad head rotations and displacenents. The seccade agorithm points the
camera at sdient feaures in the environment. The most chdlenging pat here is the
detedion, sdedion and trading in time of these feaures. The pursuit algorithm,
findly, smoothly tracks aséeded salient feaure if it is moving.

6.3 Image Processing

Thetask of image processing is to determine the location of fegures in the world
from the images produced by the cameras. Interesting feaures in a RoboQup game
are bdl, goal, opponets, field markers and such. The vision software proceeds as
follows:

. apply lens dstortion corredion and gipolar dignment to theimages,

. segment by alor,

. deted fedures in sgmented image,

. peform spasestereo-vision on olor-segmented fedures,

. combine many different hints gahered from theimages © deermine postion

in theworld.



In addition, there is a possibility of dense stereo-vision. This alows, for instance,

detection of the ground plane. This ground plan can be used to provide on-line color
calibration information for adaptation to varying light conditions.
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