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Abstract— Research on humanoid robots for use in servic-
ing tasks, e.g. fetching and delivery, attracts steadily me
interest. With "Rollin’ Justin” a mobile robotic system and
research platform is presented that allows sophisticatedantrol
algorithms and dexterous manipulation. This video gives an
overview of the mobile humanoid robotic system ”"Rollin’
Justin” with special emphasis on mechanical design featuse
control issues and high-level system capabilities such asiman
robot interaction.

I. SYSTEM DESIGN AND CONTROL

In figure 1 our mobile humanoid two-arm systdRollin’
Justin is presented that combines the upper-body system
"Justin” [1] and a newly developed mobile platform [2]. It
is designed for research on sophisticated control algogth
for complex kinematic chains as well as mobile two-handed
manipulation and navigation in typical human environments Fig. 1. DLR'sRollin’ Justin

A. The Upper Body

For the mechanical design of the upper body the followingimensions are necessary. The mobile platform has four
requirements have been taken into account: The systdfflividually extendable and turnable wheels. Each leg in-
should be able to reach objects on the floor as well as obje@@rporates a passive spring-damper system. This enatgles th
on a shelf up to a height of about 2 m. It should have awhole system to move over small obstacles or to cope with
anthropomorphic kinematic configuration for research on bthe unevenness of the floor. By itself the mobile platform
manual grasping. The integration of link-side torque semsoweighs 150 kg.
in the joints has already proved very useful for the arnMounted on the mobile platform thRollin’ Justin has a
and the hand, and therefore was maintained throughout tgoulder height of up to 1.6 m. The whole system is powered
system. Finally, a sensor head mounted on a 2imfh-tilt by a Lithium-Polymer battery block and has an operating
unit was integrated in order to allow for scene analysis thasdime of about 3 h.
on stereo vision [3], [4]. C. Control design

It was designed to be slim enough to pass standard doorways , )
of about 90 cm width. The overall weight results4f kg. For the upper body various control algorithms have been

Table | gives an overview of the 43 actuated DoF [1]. implemented that realize impedance behaviors on joint leve
on end-effector level, and on object level [5]. Furthermore

B. The mobile platform passivity-based state feedback controllers are availdaie
The mobile platform [2] enables the system to interaderovide small tracking errors while adding active joint gam
with humans e.g. in carrying objects and pushes the systdR Using the joint torque measurements [6].
towards a universal service robotic platform.
An extendable robot base is required in order to take Supsystem|| Torso | Arms | Hands | Head & Neck )

advantage of the large workspace and the dynamics of the[ DoF 3 2Xx7 | 2x12 2 43
upper body, while providing the stability of the overall TABLE |
system. Contrary, for a reliable and easy navigation compac UPPER BODY OVERVIEW

1DoF - degrees of freedom.



Justin’s mobile platform possesses the ability to vary it8. Dual Arm Path Planning
footprint over time by extending/retracting the wheel legs | reglistic setups the robot should act in more complex or

during motion. Therefore, we designed a control algorithrehanging scenes with a variable number of obstacles and an
aimed at tracking an arbitrary linear/angular planar mmwtioynconstrained arrangement of the objects w.r.t. each .other
while, at the same timeimposing a decoupled and inde- oy these situations the use of a path planner [13] connected
pendent motion to each leg. The control law is based g the task-oriented programming software is demonstrated
dynamic feedback linearization of the system equations, $@get configurations for the redundant system includireg th
that exponential convergence of the tracking error can Qpotic arms and the torso are computed by the inverse
easily obtained. Full details can be found in [7]. kinematics algorithms presented in [14].

The upper body mounted on the mobile platform with _
a total of 51 DoF represents a highly complex kinematicC: Dancing
structure. In the video a complex coordinated motion is The video is concluded by Justin dancing like Rulp
presented. While holding a tray with two hands the mobil&iction. It demonstrates its dynamic capabilities and was
base is driving a circle. The upper body compensates for tlkenong the most popular attractions on the Automatica 2008
motion of the platform and keeps the tray at a constant pos&de fair in Munich whereRollin’ Justin was presented to
[8]. the public for the first time.
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