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Dynamic simulation of a Humanoid robot with four DOFs torso F. Gravez , B. Mohamed , F. B. Ouezdou



Abstract | In this paper, we present the 3D dynamic simulation of walking gait of biped Robian II virtual manikin (25 kg weight, 1.10 m height). The biped has 16 degrees of freedom (dofs). Initially, a bio-mimetic approach is used to model a humanoid biped having 25 dofs based on common European male (75 kg, 1.78 m). Using, human being motion recording, foot/ground contact model and inverse kinematics, a 3D dynamic simulation of this humanoid is carried out. Scale factorization is used in order to reach Robian II weight and height. A 3D dynamic simulation of the Robian size humanoid gives the eort wrench exerted by the torso on the lower limbs. An analysis of the six components of this wrench shows the existence of two coupling relations. A study of four dofs mechanisms based on General State Equation (GSE) formalism leads us to an interesting result. Indeed, four dofs are necessary and suÆcient to emulate the dynamic eects. An RPPP mechanism is presented in order to replace Robian upper part. Results of 3D simulation of the 16 dofs resulting biped are presented. ZMP control algotithm is used to ensure dynamic stability of the biped during walking gait. Keywords | Humanoid robot, Biped robot, Biomimetic approach, Dynamic simulation.
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I. Introduction



PPLICATIONS of walking robots, mainly the biped ones, are increasing due to technological progress in actuators, sensors and computer elds. They can operate in human environment more eÆciently than other types of robots like wheeled ones. Assistance to humans in the accomplishment of domestic tasks, which are diÆcult or dangerous, consists an important use for bipedal robots. In addition, a very useful application of research into bipedal robotics will be the enhancement of prosthetic devices development and testing. Humans walking gaits are typically dynamic, as they are faster and more eÆcient than the static walking patterns. Therefore, research in bipedal robotics has progressed to study dynamic walking gaits [1] & [2]. Dynamic walking has been realized by some bipedal robots, most notably are the Honda P2 and P3 robots and the Wabian robot of the university of Waseda [3], [4], [5] & [6]. Most recently, Sony dream robot, a fully dynamic Authors are with Laboratoire d'Instrumentation et de Relations Individus Systemes (LIRIS), 10-12 Avenue de l'Europe, 78140, Velizy, France, E-mail: (gravez,mohamed,ouezdou)@robot.uvsq.fr



humanoid robot shows quite impressive performances in carrying out human like tasks (walking, dancing,...) [www.sony.co.jp ] To carry out a useful biped robot prototype allowing the human locomotion system analysis, two main approaches can be developed. Generally, an anthropomorphic upper limb with arms and head is used in humanoid robots building. The other approach consists on ignoring the human like aspects of the prototype upper part. Due to the fact that our main interest concerns signi cant contribution to the study of the human locomotion system, a multi-degrees of freedom (dof) biped prototype provided with exible feet, called ROBIAN, is under development. The Robian prototype major application will be the development of a real testing bed of active/passive prosthesis devices enhancing research on the locomotion mechanism handicap. In this paper, we present, a 3D dynamic simulation of this biped virtual manikin. In section 2, we present the bio-mimetic approach used in order to model a virtual manikin of the human body based on a chosen kinematic structure having 25 dofs.
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Fig. 1. Biped manikin and Torso with 13 dofs.



Section 3 deals with the virtual manikin of Robian



II having 25 kg weight and 1.10 m height obtained by scale reduction of full size one. Emulation of realistic model torso of Robian II without any anthropomorphic consideration is then presented. Analysis of the human torso dynamic eects during walking gait is given. A minimum dofs mechanism able to reproduce these eects is then identi ed and veri ed using a method based on the General State Equation (GSE) formalism. Section 4 deals with the dynamic behavior simulation and analysis of the Robian II virtual manikin after replacement of human like torso by the simpli ed mechanism. In the last section, conclusions and further developments of this work are given. II. Bio-mimetic approach



A 25 dofs kinematic structure presented on gure 1(a) was chosen for the virtual manikin of our humanoid robot. The human body is modeled by 16 solid primitives according to the Hanavan model as shown on gure 1(b). Using a description of the 3D-bio-mechanical data a mass distribution has been associated to each solid [7]. Faithful reproduction of human movements during walking gait is of a primary importance for dynamic simulation of a virtual manikin. Therefore, a series of measurements using VICON motion analysis system was carried out to obtain positions of 16 markers placed on a human being at points where relative motion between the skin and the bones are minimal during walking gait. These markers positions are the input of the biped inverse kinematic model which allows us to obtain as output the time evolution of the 25 joint variables.



built using parametrical construction depending on total weight and height. Figure 2 shows the eÆciency of parametrical construction by presenting several model of the biped with dierent weights and heights. Finally, the 3D biped manikin is simulated using Adams [9]. The simulation attempts to produce motions close to the recorded data. Joints are controlled using a proportional derivative controller giving joint torques according to its position : 
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The biped achieves 3 stages during 4.8 seconds of simulation. A positioning stage (0-1.2 sec), a launching stage (1.2-2.4 sec) and two established walking cycles of period 1.2 sec. III. Robian II Project Manikin



Fig. 2. Parametrical construction.



A distributed feet/ground contact model based on spring damper combination is used to include the external eorts in the dynamic model of the biped [8]. Under Adams software, the above model biped is



Fig. 3. Components of the wrench at embedding point of realistic model of torso during walking gait.



As the objective of Robian is the development of a simple testing bed of active/passive locomotion system



prosthesis devices, we intend to build a small biped with 1.10 m of height and no more than 25 kg of weight. To this end, we proceed to a scale reduction of our humanoid according to these parameters. In a rst approximation, human aspects of the upper part wich present 13 actuators (3 per arm, 3 for the neck, and 4 for the trunk) are not essential to accomplish this objective. A minimal mechanism is, then, looked for in order to replace upper part of this model (presumed to be realistic) containing 13 dofs ( gure 1(c)). This model should reproduce the dynamic eects on the lower limbs during walking gait. A. Upper part dynamic analysis



The proposed approach is based on making equivalence in term of eorts between the selected model and the realistic one built under Adams. Initially, the upper part of the realistic biped built under Adams is isolated and embedded at the center of mass of the downtorso. Thereafter, the structure is animated with the time laws of the joint variables in order to extract, using a dynamic simulation, the 6 components of the eort wrench at embedding point (forces: Fx , Fy , Fz & moments: Mx , My , Mz ). If the 6 components are independent, the equivalent system must have, at least, 6 dofs. The interest here is to determine the number of coupling relations between the wrench components in order to reduce the number of these necessary dofs. Figure 3 shows time evolution of the six components of this wrench. The analysis of simulation results shows the existence of two coupling relations [10]. The rst one relates the moment component Mx around the x axis (motion direction) to the force component Fz in z axis (lateral direction). The second relation concerns the moment component Mz and the force component Fx (axes are depicted on gure 1). In a rst approximation, these relations can be written as follows: = k1 :Fz Mz = k2 :Fx Mx



(1)



where, k1 and k2 are two constants (k1 > 0 and 0). Hence, the minimal equivalent mechanical system should be a four dofs spatial mechanism.
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