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Abstract 

Simplifying the control interface of a Biomimetic robot is essential to attain efficiency in operations as well as to introduce ease 

of controlling the robot. Today, robots are generally controlled through a lot of switches coupled with joysticks and other control 

peripherals. These robots fail in efficiency when compared to a Biomimetic robot controlled by human gestures. Therefore, to 

gain efficiency as well as ease of control, a gesture mechanism is suitable. Sensors such as accelerometers are calibrated to the 

movements of the user which are transmitted as numerical values. These values are again converted as input signals for the robot 

which is operated accordingly by servo motors. The wireless signal transmission is executed through the use of Zigbee 

transmitters working at a frequency of 2.4GHz. All of the computing is performed on the P89V51RD2 microcontroller. 

Therefore, this project is chosen because of its capacity for a wide number of applications and social benefits. Some of the fields 

in which the technology can be introduced are Space technology, Defence, Nuclear power plant operations and Material handling 

operations in Heavy industries. Biomimetic robotic manipulators can be controlled in space through this gesture control interface 

from the earth. Handling of nuclear material or hazardous material can be achieved safely from a distance with this control 

interface. These are some of the potential applications of this thesis.   

Keywords: Biomimetic Robotic Arm, Wireless Gesture Control Interface, Accelerometer, Zigbee Transmitter, Servo 

motors, Microcontroller, Embedded C 

________________________________________________________________________________________________________ 

I. INTRODUCTION 

 Robotics: 

Today’s world has incorporated many of the technological advances of the computer age. The most advanced technology has to 

be achieved in the field of defence. One of their other objectives is to make the battlefield as safe as possible. For this reason the 

Indians have employed several programs to investigate and develop the use of autonomous robots for reconnaissance. Nowadays, 

in many scenarios, one cannot exist without any threat or danger to one’s life. These robots must be designed to operate within 

this demanding environment. For this reason, this project was undertaken with the understanding that it could help humans to 

explore any environment with valuable information about targets and without any threat to one’s life. 

 History of Robotics: 

The word robot comes from the Czech word ‘robot’ which means compulsory labour. The earliest scientist to work on robots 

was Leonardo who elucidated the role of robotics in 1940 through short stories; however, it was his three laws of robotics that 

received popular acclaim. The three laws are stated as below: 

 A robot may not injure a human being, or through in action allow a human being to come to harm. 

 A robot must obey the orders given it by human beings except where such orders would conflict with First law. 

 A robot must protect its own existence as long as such protections does not conflict with the First or Second law.  

These laws have been pervaded into current robotic surgical systems as evidenced by their safety features. We stand today at 

the culmination of the industrial revolution. For the last four centuries, rapid advances in science and technology have fuelled 

industrial development. 
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II. DESIGN 

This block diagram represents the architecture of the system being used in this particular project. The transmitter section of the 

system is shown on the left hand side of the block diagram. The reciever section of the system is shown on the right side of th 

block diagram. 

 
Fig.1: Block Diagram 

 Circuit  Diagrams 

 Transmitter Section 

 
Fig. 2: Transmitter section 

 Receiver Section 

 
Fig. 3: Receiver Section 
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III.  COMPONENTS 

 Micro Controllers 

Microcontroller, as the name suggests, are small controllers. They are like single chip computers that are often embedded into 

other systems to function as processing/controlling unit. For example, the remote control you are using probably has 

microcontrollers inside that do decoding and other controlling functions.  

 
Fig. 4: Pin Diagram of P89V51RD2 

The key features of microcontrollers include:  

 Integration of Functionality, Field Programmability, Flexibility   

 Microcontrollers sometimes are called single-chip computers because they have on-chip memory and I/O circuitry and 

other circuitries that enable them to function as small standalone computers without other supporting circuitry.  

 Microcontrollers often use EEPROM or EPROM as their storage device to allow field programmability so they are 

flexible to use. Once the program is tested to be correct then large quantities of microcontrollers can be programmed to 

be used in embedded systems.  
Table - 1 

Pin Description 
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 Zigbee  

The system is specified to operate in one of the three license free bands at 2.4 GHz, 915 MHz for North America and 868 MHz 

for Europe. In this way the standard is able to operate around the globe, although the exact specifications for each of the bands 

are slightly different. At 2.4 GHz there are a total of sixteen different channels available, and the maximum data rate is 250 kbps. 

For 915 MHz there are ten channels and the standard supports a maximum data rate of 40 kbps, while at 868 MHz there is only 

one channel and this can support data transfer at up to 20 kbps. The modulation techniques also vary according to the band in 

use. Direct sequence spread spectrum (DSSS) is used in all cases.  

The data is transferred in packets. These have a maximum size of 128 bytes, allowing for a maximum payload of 104 bytes. 

Although this may appear low when compared to other systems, the applications in which 802.15.4 and ZigBee are likely to be 

used should not require very high data rates. The standard supports 64 bit IEEE addresses as well as 16 bit short addresses. The 

64 bit addresses uniquely identify every device in the same way that devices have a unique IP address. Once a network is set up, 

the short addresses can be used and this enables over 65000 nodes to be supported. It also has an optional superframe structure 

with a method for time synchronisation. In addition to this it is recognised that some messages need to be given a high priority. 

To achieve this, a guaranteed time slot mechanism has been incorporated into the specification. This enables these high priority 

messages to be sent across the network as swiftly as possible. 

Although there is an increasing number of wireless standards that are appearing, ZigBee has a distinct area upon which it is 

focussed. It has been optimised to ensure that it meets its intended requirements, fulfilling the needs for remote control and 

sensing applications. 

 Analog to Digital Converter (ADC0804) 

The design of the ADC0804 has been optimized by incorporating the most desirable aspects of several A/D conversion 

techniques. The device offers high speed, high accuracy, minimal temperature dependence, excellent long-term accuracy and 

repeatability, and consumes minimal power. These features make it ideally suited for applications from process and machine 

control to consumer and automotive applications. 
Table - 2 

Pin Description of ADC0804 

 

 Motor Driver ICL293 

The L293 and L293D are quad push-pull drivers capable of delivering output currents to 1A or 600mA per channel respectively. 

Each channel is controlled by a TTL-compatible logic input and each pair of drivers (a full bridge) is equipped with an inhibit 

input which turns off all four transistors. A separate supply input is provided for the logic so that it may be run off a lower 

voltage to reduce dissipation. Additionally the L293D includes the output clamping diodes within the IC for complete interfacing 

with inductive loads. Both devices are available in 16-pin Batwing DIP packages. They are also available in Power S0IC and 

Hermetic DIL packages. The L293D is a quadruple push-pull 4 channel driver capable of delivering 600 mA (1.2 A peak surge) 

per channel. The L293D is ideal for controlling the forward/reverse/brake motions of small DC motors controlled by a 

microcontroller such as a PIC or BASIC Stamp. 
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Fig 5: Pin diagram of ICL293D 

 ADXL335 

The ADXL335 is a small, thin, low power, complete 3-axis accelerometer with signal conditioned voltage outputs. The product 

measures acceleration with a minimum full-scale range of ±3 g. It can measure the static acceleration of gravity in tilt-sensing 

applications, as well as dynamic acceleration resulting from motion, shock, or vibration. The user selects the bandwidth of the 

accelerometer using the CX, CY, and CZ capacitors at the XOUT, YOUT, and ZOUT pins. Bandwidths can be selected to suit 

the application, with a range of 0.5 Hz to 1600 Hz for the X and Y axes, and a range of 0.5 Hz to 550 Hz for the Z axis. The 

ADXL335 is available in a small, low profile, 4 mm × 4 mm × 1.45 mm, 16  lead, plastic  lead frame chip scale package 

(LFCSP_LQ). 
Table – 3 

Absolute Maximum Ratings 

Acceleration (Any Axis, Unpowered) 10,000 g 

Acceleration (Any Axis, Powered) 10,000 g 

VS −0.3 V to +3.6 V 

All Other Pins (COM − 0.3 V) to (VS + 0.3 V) 

Temperature Range (Powered) −55°C to +125°C 

Table – 4 

Pin Description 

Pin No. Mnemonic Description 

1 NC No Connect1. 

2 ST Self-Test. 

3 COM Common. 

4 NC No Connect1. 

5 COM Common. 

6 COM Common. 

7 COM Common. 

8 ZOUT Z Channel Output. 

9 NC No Connect1. 

10 YOUT Y Channel Output. 

11 NC No Connect1. 

12 XOUT X Channel Output. 

13 NC No Connect1. 

14 VS Supply Voltage (1.8 V to 3.6 V). 

15 VS Supply Voltage (1.8 V to 3.6 V). 

16 NC No Connect1. 

EP Exposed Pad Not internally connected. 

 Servo Motor 

In any electric motor, operation is based on simple electromagnetism. A current-carrying conductor generates a magnetic field; 

when this is then placed in an external magnetic field, it will experience a force proportional to the current in the conductor, and 

to the strength of the external magnetic field. As you are well aware of from playing with magnets as a kid, opposite (North and 

South) polarities attract, while like polarities (North and North, South and South) repel. The internal configuration of a DC motor 

is designed to harness the magnetic interaction between a current-carrying conductor and an external magnetic field to generate 

rotational motion. 

http://encyclobeamia.solarbotics.net/articles/current.html
http://encyclobeamia.solarbotics.net/articles/current.html
http://encyclobeamia.solarbotics.net/articles/dc.html
http://encyclobeamia.solarbotics.net/articles/current.html
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Table – 5 

Features of Servo Motor 

Type DC Permanent Magnet 

Category Motors, Solenoids, Driver Boards/Modules  

Family Geared Motors (AC, DC) 

Shaft Diameter 0.187" (4.75mm) Dia, 0.162" (4.11mm) Flat 

Series Model 800I 

Voltage - Rated  24VDC 

RPM 60 RPM 

Shaft Rotational Direction CW,  Reversable 

 Embedded “C” Compiler 

 ANSI C - full featured and portable  

 Reliable - mature, field-proven technology  

 Multiple C optimization levels  

 An optimizing assembler  

 Full linker, with overlaying of local variables to minimize RAM usage  

 Comprehensive C library with all source code provided  

 Includes support for 24-bit and 32-bit IEEE floating point and 32-bit long data types  

 Mixed C and assembler programming  

 Unlimited number of source files  

 Listings showing generated assembler  

 Compatible - integrates into the MPLAB IDE, MPLABICD and most 3rd-party development tools  

 Embedded Development Environment: 

This environment allows you to manage all of your PIC projects. You can compile, assemble and link your embedded 

application with a single step.  

Optionally, the compiler may be run directly from the command line, allowing you to compile, assemble and link using one 

command. This enables the compiler to be integrated into third party development environments, such as Microchip's MPLAB 

IDE. 

IV. FABRICATION 

The robotic arm had been fabricated in view of the objective of the project. The robotic hand is provided with two degrees of 

freedom that can be used to perform, though limited, some operations. With the principle aim being to replicate the human hand, 

the robotic hand consists of five fingers exactly like a human hand. The wrist of the human hand had been replicated to an extent 

that it can be used to support the five fingers and the servo motors that operate the five fingers. The joints here are fabricated 

keeping in mind that the movements of the finger can be obtained with the rotational movements with respect to the axis of the 

screws. The screw axis is perpendicular to the axis of the finger. These joints facilitate the replication of the movement of the 

human finger.  

The servo motor is placed in the centre of the wrist to facilitate the operation of the five fingers from a single servo motor. The 

servo motor is fixed with threads emanating from each of the fingers. The thread is passed over the finger in the groove formed 

due to the placement of the small strip in between the two foam plastic sheets of the finger component. Smaller strips are placed 

across the inner face of the robotic finger to prevent the finger from stretching outwards from the groove. The threads are 

extended towards the servo motor. These threads are attached to the servo motor. The motor produces the output movement 

regarding the five fingers with input from the accelerometer sensor. 

The complete wrist structure is mounted upon a servo motor of 5kg torque. This particular servo motor provides the additional 

movement in the form of wrist rotation. These movements are also produced with the corresponding input from the 

accelerometer movements. 

V. CONCLUSION 

The motivation of the project was to achieve the replication of the movements made through the gestures of the human arm by 

the robotic arm. This was achieved through the seamless connectivity between the transmitter and the receiver section. The aim 

of the project had been fulfilled with an interface being created that can be used, according to the program being run in the 

microcontroller, to either replicate the movements of the human arm. 

This project, more importantly, helped to generate ideas and create machines that can be of value to the society and help create 

a safer environment for humans to work in and reduce the threat to life in dangerous situations and hazardous environments.  

http://www.chipcatalog.com/parmvalues.jsp?pname=151
http://www.chipcatalog.com/byparms.jsp?pname=151&pvalue=251313
http://www.chipcatalog.com/parmvalues.jsp?pname=1309
http://www.chipcatalog.com/byparms.jsp?pname=1309&pvalue=135632
http://www.chipcatalog.com/parmvalues.jsp?pname=2195
http://www.chipcatalog.com/byparms.jsp?pname=2195&pvalue=135633
http://www.chipcatalog.com/parmvalues.jsp?pname=3375
http://www.chipcatalog.com/byparms.jsp?pname=3375&pvalue=251315
http://www.chipcatalog.com/parmvalues.jsp?pname=7280
http://www.chipcatalog.com/byparms.jsp?pname=7280&pvalue=251312
http://www.chipcatalog.com/parmvalues.jsp?pname=7282
http://www.chipcatalog.com/byparms.jsp?pname=7282&pvalue=65550
http://www.chipcatalog.com/parmvalues.jsp?pname=7801
http://www.chipcatalog.com/byparms.jsp?pname=7801&pvalue=135634
http://www.chipcatalog.com/parmvalues.jsp?pname=7925
http://www.chipcatalog.com/byparms.jsp?pname=7925&pvalue=251316
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Also, the importance of making a positive impact on the society and to help make life better was understood through the 

hardships that were undergone to create this Biomimetic robotic arm.  

REFERENCES 

[1] H. S. Yoon, J. Soh, Y. J. Bae and H. S. Yang, “Hand gesture recognition using combined features of location, angle and velocity”, Pattern Recognition, vol. 
34, (2001), pp. 1491-1501. 

[2] Waldherr, S., Thrun, S., and Romero, R., “A Gesture based interface for Human-Robot Interaction”, Kluwer Academic Publishers, Netherland, 2000. 

[3] Das, S., Toya, L., Green, Perez, B., and Murphy, M. M., “Detecting User Activities using the Accelerometer on the Smartphone”, Team for Research in 
Ubiquitous Secure Technology REU Research Program, July 2010. 

[4] M. Klingmann, “Accelerometer-Based Gesture Recognition with the iPhone”, Goldsmiths University, MSc in Cognitive Computing, London, September 

2009. 
[5] R. Dillmann, “Teaching and learning of robot tasks via observation of human performance,” in Robotics and Autonomous Systems, vol. 47, no.2-3, pp. 

109-116, 2004. 

[6] V. Mäntylä, J. Mäntyjärvi, T. Seppänen, and E. Tuulari, “Hand gesture recognition of a mobile device user,” IEEE International Conference on Multimedia 
and Expo (ICME 2000), vol. 1, pp. 281-284, New York, USA, 2000. 

[7] X. Chen, X. Zhang, Z. Zhao, J. Yang, V. Lantz, and K. Wang, ”Hand gesture recognition research based on surface EMG sensors and 2D-accelerometrs,” 

11th IEEE International Symposium on Wearable Computers, pp. 11-14, Boston, USA, 2007. 
[8] J. Kela, P. Korpipää, J. Mäntyjärvi, S. Kallio, G. Savino, L. Jozzo, and S. Di Marca, “Accelerometer-based gesture control for a design environment,” 

Personal and Ubiquitous Computing, Springer, vol. 10, no. 5, pp. 285-299, 2006. 


