
An Advanced Musculoskeletal Humanoid Kojiro
Ikuo Mizuuchi*, Yuto Nakanishi*, Yoshinao Sodeyama**, Yuta Namiki*, Tamaki Nishino*,
Naoya Muramatsu*, Junichi Urata*, Kazuo Hongo*, Tomoaki Yoshikai**, Masayuki Inaba*

* Department of Mechano-Informatics, University of Tokyo,
** Interfaculty Initiative in Information Studies, University of Tokyo,

7-3-1 Hongo, Bunkyo-ku, Tokyo 113-8656 Japan
Email: {ikuo, nakanish, sodeyama, namiki, nishino, murama2, urata, hongo, yoshikai, inaba}@jsk.t.u-tokyo.ac.jp

Abstract— We have been promoting a project of musculoskele-
tal humanoids. The project aims at the long-term goal of human-
symbiotic robots as well as the mid-term goal of necessary
design and control concepts for musculoskeletal robots. This
paper presents the concepts and aim of the project and also
shows the outline of our latest results about development of
new musculoskeletal humanoid Kojiro, which is the succeeding
version of our previous Kotaro.

I. INTRODUCTION

Humanoid robots are expected to live with humans for
assisting humans’ daily tasks. Safety and versatility will be a
key feature for such applications. Currently normal humanoid
robots are not suitable for working in our daily environment.
Lack of safety and versatility is a reason; the hard and heavy
body can hurt human or surrounding objects, and conventional
humanoid robots can do very few limited tasks compared
with what a human is doing in the daily life. We have been
studying on musculoskeletal humanoid robots [1], consulting
human’s body structure such as musculoskeletal structure
and muscle-tendon driving system. At an exhibition called
’Prototype Robot Exhibition’ at the EXPO’05 held in Japan,
we had developed a super multiple DOF variable flexible
spine musculoskeletal humanoid Kotaro [2], [3](Fig.2 and had
shown an approach for achieving softness, naturalness and
versatility.

This paper introduces our latest project of musculoskeletal
humanoid “Kojiro”. In the previous project of Kotaro, we have
shown various proposals. The shoulder structure consisting of
human-mimetic bladebone and collarbone has potential for
wide movable range [4]. By adding rounded shape muscle
units, a muscle-driven robot can be reinforced even after
the design phase [5]. The three-dimensional angle sensors
for spherical joints using mobile phone cameras [6] help
estimating 3D rotational posture of ball-and-socket joints. The
bandage type tactile sensors and fleshy tactile sensors realized
natural interaction with children. Kotaro could become able to
pedal a cycle by self repeated training in the real world [7].
We have also realized standing by reinforcing muscles [8].

One of the problems of Kotaro was comparatively low
limitation of actuators’ performance, and repeatability and
dependability of sensors. The dependability of sensors are
very essential for complex body robot like Kotaro which needs
learning or self-training for acquiring various motions based
on sensory information. Almost all of actions needs some

Fig. 1. A CAD image of Kojiro


