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Abstract-Robotics can be regarded as a typical and representative part of Mechatronic, as a 

cutting edge technology in this rapidly expanding research field. Hence on the tree of robotic 

life, humanlike robots play a particularly valuable role.  

This Paper deals with design of cost oriented teen sized humanoid robot Archie. It describes the 

mechanical and electrical components and how action commands are transmitted from PC to 

motion controller which controls each motor in joint via universal serial bus (USB) to Control 

Area Network (CAN) bus converter. The mechanical structure has the following features: teen 

sized, light weight, low power consumption, low cost. 

The teen sized humanoid robot Archie is in development as a collaboration of Vienna University 

of Technology, University of Manitoba in Canada and National Kaoshiung First University for 

Science and Technology in Taiwan. Main goal is to develop a cost oriented autonomous 

humanoid robot to assist human in daily life tasks. 
 

 
1 Introduction 
 

Humanoid robots have been attracting great attention among robotic scientists since 1973 when 

the first full-scale anthropomorphic robot was built (www.inlportal.inl.gov, 2011). From the 

early simple design, humanoid robots have improved rapidly to imitate the human behavior due 

to progress in material sciences, electric motors, sensors and computer science.  These 

improvements have led to design more autonomous anthropomorphic robots. In addition to 

walking, these humanoid robots can exhibit emotion, forge relationships, make decisions, and 

develop as they learn through interaction with the environment. In fact the final goal of these 

projects is to build the human-like robot to interact with people. 

However, many humanoid robots was designed and constructed in well-founded companies and 

research labs due to the requirement of complicated and expensive devices. In order to build a 

cost-oriented humanoid robot, many researchers have been done in these years. These new 

generation of humanoid robots have been used in different international competition in all over 

the world. These competitions cause a great progress in this field because they provide good 

conditions to compare the robots in real-world environment. This progress help researchers to 

design more adaptive and flexible humanoid robot in different situation to reach final goal that 

would be the interaction with human. 

Furthermore, humanoid robot is a complex system that combine diversified disciplinary such as 

mechanics, electronics, control, computer programming, artificial intelligence, etc. first of all  the 

mechanical design of robot should be designed such that the robot would be robust enough to 

perform different tasks. After that the electric actuator is designed and installed in each joints to 

produce enough force to move different links of robot. Finally the important part is to design a 
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high level control system to send commands through connections for electric devices to activate 

them. The final part of the robot has the most sophisticated design among other sections that 

plays role of brain in robot.  

This paper introduces the design of cost oriented teen sized humanoid robot Archie. It describes 

the mechanical and electrical components and how action commands are transmitted from PC to 

motion controller which controls each motor in joint via universal serial bus (USB) to Control 

Area Network (CAN) bus converter. The control system used in Archie is based on distributed 

star bus architecture. In this composition, each single joint is controlled separately by a motion 

controller which receives low level movement and status commands from a PC (Dezfouli, 2011). 

 

2 Mechanical design 
 

In order to design a mechanical system for a humanoid robot, a complex and careful compromise 

between different factors such as form, function, weight, cost and manufacturability is required. 

The mechanical structure of Archie is designed and built with aluminum material such that in 

addition to rigidity, its weight remains less than 30 Kg. Based on this design the height of robot 

is about 1.2m. The mechanical structure is considered to be fundamentally comprises of human 

size, low weight, low power consumption, low cost and uniquely mimic to a human physical 

body as illustrated in Fig. 1. 

 

 

 

 
 

Figure 1: Archie mechanical design and structure 
 
 
Furthermore, we choose gears and harmonic drives within design parameter such as space, 

shape, permissible power, weight and etc. For actuator a combination of brushless and servo DC 
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motor is used based on the joint circumstances. For communication, CAN bus network is 

selected and implemented in Archie to send the commands quickly from motion controller to 

joints. A high level motion controller that runs in a laptop is designed to create appropriate 

desired command for each joint to guarantee the stability of dynamic walking. Each joint has 

additionally its own control system that includes a PID controller and encoder. Finally two 14.4 

volts batteries generate the required energy for electric motors.    

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 2: Schematic kinematic design of Archie 
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As depicted in Fig.2, Archie has totally 29 degree of freedom (DOF). These are 7 DOF in each 

leg. The torso also has two DOF to make it able to rotate the upper body. The other 13 DOF is 

related to upper body; six DOF for each hand and two DOF for the neck. The 3 DOF joint -i.e. 

spherical joint- in shoulder give enough capability to hand to move in space in each desired 

position.  The aforementioned kinematics make the Archie capable to perform dynamic walking 

smoothly while do other tasks with upper body. One of the most outstanding characteristic of 

Archie is that it has ability to actuate its toes, which allow it to roll over the foot during walking. 

 

3 Electrical design 
 

As it is mentioned before, there are two different motors that are used in Archie to actuate the 

joints; brushless motor and DC servo motor. The brushless motor has some advantages such as 

high efficiency and less noise that make it clearly as an unavoidable choice for humanoid robot. 

Although the control scheme of brushless motor is a bit complex, it allows to fine control of 

joint. This factor is essential especially for those joints of robot that play role for walking.  

 

 

 
 

Figure 3: Upper body cable map connection 
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On the other hand, the brushless motors are more expensive especially for those that create great 

torque. Therefore we used DC servo motor for some joints that need more torque such as in 

torso. 
Figure 3 and 4 illustrate the connection and performance of implemented distributed controller of 

Archie for upper and lower body, respectively. Upper body of Archie is included motion 

controller to control motor drives in hip and torso, data converter, power switch, and encoders. 

These components are connected via specific cables due to their task. Each motor is connected 

by encoder, power and communication cables to motion controller. In order to control of a 

humanoid robot that has a complex and coupled kinematics and dynamics, a complicated control 

scheme is needed. The proposed controller for Archie is based on the distributed control strategy. 

In this method, every joint has its own control that controls the position and velocity of it. In 

order to achieve this goal, the digital servo motor drive so called Whistle is used. 
 

 
 

Figure 4: Lower body cable map connection 
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Cable connections between electrical components are similar to upper body, in this connection 

each single motor is connected to its own motor drive and PCB (Printed Circuit Board). The 

Whistle is a series of intelligent miniature digital servo drives for DC brush and brushless 

motors, linear motors and voice coils. Otherwise, another high level control that implemented by 

laptop send the desired command to each joint controller to confirm stability of robot in walking.  

 

4 Communication design 
 
For the communication in our robot action commands are sent from PC to USB-CAN converter. 

The aim of using such a communicator in our robot is that it provides the error process 

mechanisms and message priority concepts. On the other hand it can transmit messages in real-

time; meaning that the message with the highest priority will be delivered within a guaranteed 

latency time. 

 

 
 

Figure 5: Communication architecture                      
 

 

 
The Controller Area Network is a serial bus communication protocol, which efficiently supports 

distributed real-time control with a very high level of security. CAN communicator which is 
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used in Archie is ideally suited in applications requiring a large number of short messages with 

high reliability in rugged operating environments.  

Because CAN is message based and not address based, it is especially well suited when data is 

needed by more than one location and system-wide data consistency is mandatory. The CAN 

system we implemented uses two wires in its cable, one for a dominant state and one for a 

recessive state. These messages transmitted to motion controller by CAN cables to set up and 

control the joints and activate the motor drivers for robot motion (see Fig. 5). 
 

5 Motor Drivers 
 

Motion controller is a world leader in the development and manufacture of advanced technology 

in motion control that includes ultra-compact, high power density digital servo drives and 

innovative network motion controllers. 

Motion controller servo drives combine high power density, intelligent functionality and space-

friendly design. The drives integrate motion controllers advanced, which enables superior control 

performance, offers advanced programming capabilities and supports standard communication 

protocols. All the drives in the series include a fully digital motion controller that features 

current, velocity and position loops and a wide range of commutation types and position 

feedbacks. 

 

 
 

Figure 6: Motion controller mounted on a PCB and connected to  

brushless motor inside the joint 
 
  

The type of motion controller we used is a series of intelligent miniature digital servo drives for 

the current DC and brushless motors of Archie. The matchbox-sized servo drive weighs only 1.8 

oz (50 g) and supports up to 20 amps continuous current. Its high density allows the drive to 

deliver a peak of 3200 W of power and 1600 W of continuous power 

(www.elmomc.com/products/elmo-digital-servo-drives-ExtrIQ). The motion controller is a PCB 

(printed circuit boards) mounted device (see Fig. 6) that enables efficient and cost saving 

implementation. 
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One of the latest improvements in motor drives for teen sized humanoid robot is new designed 

PCB for brushless motors (see Fig. 7). In this design, connection of cables and encoder are 

improved in a way that it needs less space and much easier soldering.  

 

 
 

Figure 7: New design for brushless motor board 
 
 
6 Simulation and interface design  
 

In order to control the robot some parameter should be selected before real performance. These 

parameter are included information such as type of communication, baud rate, kinematic (i.e. hip 

height, amplitude, sway range, joints length and width dimensions,...), walking steps parameters, 

and finally angle values modification for testing and implementing of each joints for movement. 

 

 
 

Figure 8: Walking simulation in side and frontal view 
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Our motion controller program is designed based on locomotion of Archie in forward, backward, 

leftward and right ward walking. It is also included important parameters that should be tuned 

according to hardware and design of robot to control the locomotion. 

Since each joint is basically connected to motion controller program via the proposed 

communication interface for an individual motion, the interface should provide appropriate 

setting ability for position and velocity profile of each joint in Archie to manage the proper 

movement. Besides the kinematic/dynamic information in motion controller program of Archie 

there are graphs and motion simulator for designing a model of an actual and physical behavior 

of robot, to execute the movement commands, and test and analyze the execution output.  

These simulations let you play robot in a virtual world and provide you a better vision that can 

avoid injuries and damages and necessary or unnecessary changes in design of the robot as 

demonstrated in Fig. 8.   

 

Conclusion and future works 

 
The main goal is to develop a cost oriented autonomous humanoid robot to assist human in daily 

life tasks. We have presented our mechanical design, communication interface and motion 

controller program respect to the humanoid robot Archie which moves like a human. We chose 

the CAN bus because of the robustness compared with Recommended Standard (RS) 232 that we 

used already. Furthermore, the CAN bus provides hardware support for priority based messaging 

and filtering of messages.  

Finally it should be mentioned that Archie motion control program is under the test and 

development. 
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