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 The objective of the project is to design and control the Delta robot with 

voice for pick and place operation using ARM7 processor. Till now there is 

no implementation of voice recognition and control in Delta robot. The 

maximum payload of the robot is 200grams-300grams. The robot has been 

made based on the SEQUENTIAL QUADRATIC PROGRAMMING. 

Various links of the robot are controlled using the servo motor and the 

gripper is separately controlled by a servo motor. 
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1. INTRODUCTION  

In my project a model for the delta robot, the delta robot has arm links in which servo gripper is 

mounted at the end of it. Servo gripper is used for gripping action. The servo motor arrangement at the base 

is made to move gripper arm to four locations for pick and place purpose. Three servo motors which are 

placed at the joints of the each link which tend to move gripper on front, back, right and left directions. The 

can be picked up and placed object where required to place.   

Three servo motors are used in the robot, among the three motors each distal joint has one motor. 

These distal joints are connected with the parallelogram joints and in turn three parallelogram joints are 

connected with three distal joints. Thus the three parallelogram joint are connected with the lower base plate 

of the robot. Then the servo controlled gripper called servo gripper is fixed with the lower base plate. This 

gripper is used for the pick and place operations. 

The delta robot servo motors are programmed using the ARM7 microcontroller and they integrated 

using the servo motor driver circuit. Each servo motor is given with some pulses to make the joints actuation 

and based on the input pulse given to the servo motor the joints will actuate. The microcontroller have been 

programmed in such a way that the joint should not collide with each other. It is programmed using the Keil 

C platform. The basic Embedded C program is used to move the joints and links of the robot. It has been 

incorporated in the microcontroller using PHILIPS incorporator. 
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2. DESIGN AND FABRICATION 

2.1. Methodology 

The approach towards the making of the robot has been split into different steps which start from 

designing, modeling, fabrication and controlling of the robot. Figure 1, depicts the steps of the methodology 

of work. First step is identifying the problem. The second step is developing the concept to overcome the 

problem which has been identified in the first step. Once the concept is developed for the identified problem, 

the different possibilities of the concept is sketched out and studied. The optimum solution for the concept is 

arrived after the studies. The various calculations are done such as kinematic parameters. Then analysis of the 

complex model in order to identify fundamental properties had been carried out. Then an algorithm is to be 

developed for the actuation of the delta robot with 3DOF using the voice command recognition and 

execution. Finally, the controller is interfaced with the robot for verifying the algorithm in multiple trials. 

 

 

 
 

Figure 1. Flow Chart of Methodology 

 

2.2. Kinematics of Robot 

 

 

 
Figure 2. Kinematics of Robot 

The kinematics applies geometry to the study of the movement of multi-degree of 

freedom kinematic chains that form the structure of robotic systems. The emphasis on geometry means that 

http://en.wikipedia.org/wiki/Geometry
http://en.wikipedia.org/wiki/Degree_of_freedom_(mechanics)
http://en.wikipedia.org/wiki/Degree_of_freedom_(mechanics)
http://en.wikipedia.org/wiki/Kinematic_chain
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the links of the robot are modeled as rigid bodies and its joints are assumed to provide pure rotation or 

translation. Robot kinematics studies the relationship between the dimensions and connectivity of kinematic 

chains and the position, velocity and acceleration of each of the links in the robotic system, in order to plan 

and control movement and to compute actuator forces and torques.  

The relationship between mass and inertia properties, motion, and the associated forces and torques 

is studied as part of robot dynamics. A fundamental tool in robot kinematics is the kinematics equations of 

the kinematic chains that form the robot. These non-linear equations are used to map the joint parameters to 

the configuration of the robot system. Kinematics equations are also used in biomechanics of the skeleton 

and computer animation of articulated characters. Forward kinematics uses the kinematic equations of 

a robot to compute the position of the end-effector from specified values for the joint parameters.
[3]

 The 

reverse process that computes the joint parameters that achieve a specified position of the end-effector is 

known as inverse kinematics. The dimensions of the robot and its kinematics equations define the volume of 

space reachable by the robot, known as its workspace.  

 

 

 

 

 
 

 
 

 

 
 

 

http://en.wikipedia.org/wiki/Robot
http://en.wikipedia.org/wiki/Rigid_bodies
http://en.wikipedia.org/wiki/Kinematics
http://en.wikipedia.org/wiki/Velocity
http://en.wikipedia.org/wiki/Acceleration
http://en.wikipedia.org/wiki/Actuator
http://en.wikipedia.org/wiki/Torque
http://en.wikipedia.org/wiki/Mass
http://en.wikipedia.org/wiki/Inertia
http://en.wikipedia.org/wiki/Multibody_system
http://en.wikipedia.org/wiki/Non-linear_equation
http://en.wikipedia.org/wiki/Biomechanics
http://en.wikipedia.org/wiki/Computer_animation
http://en.wikipedia.org/wiki/Robot
http://en.wikipedia.org/wiki/Robot_end_effector
http://en.wikipedia.org/wiki/Robot_kinematics#cite_note-3
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The nine key points, Di, Ei, Ci, are clearly visible. The centre of the smaller EE is displaced by (x, 

y, z) from origin O at the centre of FF. Note the design constants. e is the side length of EE, f the side of FF, 

re the distance CiEi and rf the distance DiEi. A sphere, radius re, centred on Ci gives the locus of Ei. 

Furthermore a second constraint is imposed by the circular trajectory of Ei at radius rf from centre Di. The 

plane of this circle is visible as a line. The plane cuts the sphere in a small circle in the same plane. In the 

three auxiliary elevation views one sees this small circle inside the dotted outline of the sphere. The desired 

actuated R-joint angles are measured from the edge or line view of FF to DiEi as _i. The leg subscript i is 

omitted in all the following equations. It is obvious that a joint angle _ must be computed separately for each 

leg. 

 

 

Figure 3. Key Points 

 

 

These three displacement vectors e0i are seen to be and three equations, like Eq. 1, can be written. 

Differences between the first and second and second and third provide plane coordinates and the key line 

coordinates to be employed in the computationally simplest of the three sphere equations, like Eq. 3. This is 

solved for the least z-coordinate and the second and third lines of Eq. 2 produce the other two coordinates of 

O0. 

 

2.3. Cad Modelling of the Robot 

The Delta robot with all their components are modeled and assembled in the required structure using 

the SOLIDWORKS software. The 3D model of the robot is given in the below fig. 

 

 

 
 

Figure 4. Modelling of the Robot 

 

 

2.4. Material Used and Calculation 

The materials selected for the manufacturing of the body is: 

 Mild Steel (grade 250) 

 Aluminium  

Because the Acrylic material is very difficult to be get modelled as the cylindrical one. Thus it has 

been rejected. The cubical base frame is manufactured using the Mild Steel and the other parts like the upper 
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plate, lower plate, distal link, parallelogram link and the gripper will be manufactured by using the 

Aluminium with less strength. The material has been selected based on the yield strength of the material 

(193MPa). 

Weight calculation: 

From the cad model the calculation of the mass have been done  

Weight of the body   = 4.5kg 

Weight of the base frame   = 2.3kg 

Weight of the distal joint   = .5kg 

Weight of the parallelogram joint  = .6kg 

Weight of the servo gripper  = .35kg 

Weight of the servo motor   = .75kg 

Maximum Payload of the robot  = 0.3kg 

The total weight that the motor have to lift = 2/3kg 

A motor has to lift    = 0.667 kg 

Then the torque has to be calculated using the weight of the motor that has to be lifted and it is given 

below. To lift heavy weight we have to go for motor with: 

 high torque 

 accuracy 

 high speed 

So, i selected the servomotor for the precision and accuracy and the torque calculation is given by 

F=m*a 

F=67.18*9.81 

Force=660N 

 

Work =force*distance 

Work=660*550mm 

Work=363Nm 

 

Power=2*3.14*N*T/60 

T=363*60/ (2*3.14*1500) 

Torque=2.3Nm 

 

Hence a motor with torque greater than or equal to 2.3Nm has been selected. 

Motor Selection: 

Since the delta robot has been used for accurate picking and placing of the object, the perfect motor 

for the operations is SERVOMOTOR. 

A servomotor is a rotary actuator that allows for precise control of angular position, velocity and 

acceleration. It consists of a suitable motor coupled to a sensor for position feedback. It also requires a 

relatively sophisticated controller, often a dedicated module designed specifically for use with servomotors. 

Servomotors are not a specific class of motor although the term servomotor is often used to refer to a motor 

suitable for use in a closed-loop control system. 

 Servo motor should be connected with some microcontroller in order to make it actuated. In the 

microcontroller a program will be incorporated to actuate the servomotor, in between the there is a need of 

motor driver circuit to make the connection of the servomotors with the microcontroller. Through the motor 

driver circuit the servo motor is controlled as well as drove in accordance with our need. The connection of 

the motor with the microcontroller can be given by: 

 

 

 

 

 

 

 

 

 

                                 

Figure 5. Servomotor 

 

http://en.wikipedia.org/wiki/Rotary_actuator
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2.5. Servo Gripper 

The servo gripper has been used for the pick and place operation of the robot. This is selected 

because of the best gripping and precisely works. Gripper Assembly mates easily with two servos, one to 

open and close the fingers, and a second servo which acts as the gripper's "wrist". The gripper can 

accommodate objects up to about .9" (23 mm). Compatible with many Futaba and HiTec servo motors, 

 

 

 

 

                          Figure 6. Servo Gripper 

         

 
 

 The servo gripper has the biggest advantage that there is no need of separate servo motor to actuate 

the servo gripper. It has the in-built servo motor setup with it and it makes the actuation with high accuracy 

for the pick and place operation. The most important feature is the accuracy as well as the controlling of the 

servo gripper is quite easy by the user. Servo gripper is the favourable selection of the gripper for picks and 

place operation. 

The jaws open to 1.3" and the wrist rotates approximately 180 degrees for open and close and wrist 

rotate. The servos are not included. 

Microcontrollers are used in automatically controlled products and devices, such as automobile 

engine control systems, implantable medical devices, remote controls, office machines, appliances, power 

tools, toys and other embedded systems. By reducing the size and cost compared to a design that uses a 

separate microprocessor, memory, and input/output devices, microcontrollers make it economical to digitally 

control even more devices and processes. Mixed signal microcontrollers are common, integrating analog 

components needed to control non-digital electronic systems. The microcontroller used for this project is the 

latest controller existing in the electronics market ARM7 MICROCONTROLLER. 

 

 

3. VOICE RECOGNITION AND CONTROL 

The voice recognition and control of the robot is the tedious part in this paper and after several trials 

of various ICs and came to the conclusion of using HM2007 IC to be the voice processing IC. 

 

3.1 Voice Control Ic-Hm2007 

The speech recognition system is a completely assembled and easy to use programmable speech 

recognition circuit. Programmable, in the sense that you train the words (or vocal utterances) you want the 

circuit to recognize. This board allows you to experiment with many facets of speech recognition technology. 

It has 8 bit data out which can be interfaced with any microcontroller for further development. Some of 

interfacing applications which can be made are controlling home appliances, robotics movements, Speech 

Assisted technologies, Speech to text translation, and many more. The features of the voice recognition and 

control can be given as below 

a. Self-contained stand alone speech recognition circuit 

b. User programmable 

c. Up to 20 word vocabulary of duration two second each 

d. Multi-lingual 

e. Non-volatile memory back up with 3V battery onboard. Will keep the speech recognition data in memory 

even after power off. 

f. Easily interfaced to control external circuits & appliances 

 

http://en.wikipedia.org/wiki/Embedded_system
http://en.wikipedia.org/wiki/Mixed-signal_integrated_circuit
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Table 1. The specifications of the HM2007 is given below 

Parameter Value Note 

Input Voltage 9 to 15 V DC Use a commonly available 12V 500ma DC Adapter 

Output Data 8 bits at 5V  

Logic Level 

Any microcontroller like 8051, PIC or AVR can be interfaced to data 

port to interpret and implement specialized applications 

 

 

The HM 2007 is the form of Integrated Chip and it can be looks as in the below one with all the pins 

integrated in it. 

 

 

 

 

Figure 7. Integrated Chip HM2007 

 

 

The has been connected with the microcontroller and has been programmed using the Keil C with the 

help of the Embedded C. The Delta robot program has been incorporated in to the microcontroller ARM7 has 

been done by PHILIPS incorporator software. The SNPS is connected in order to give the power required by 

the servomotor as well as the microcontroller to start its process up. The LCD is added along with the system 

to know whether the links moving towards which direction and to follow our commands for proper operation. 

The Delta robot prototype has been developed and checked with the voice recognition whether it 

can move in the right direction or not and also the servo gripper has been controlled by using the voice 

commands only. Hence the delta robot can be used with voice to make its manipulation. The complete setup 

of the Robot is as given below. 

 

 

4. CONCLUSION  
The Delta robot prototype has been developed along with the control system. The ARM7 controller 

is adaptable for this process and also it is the advanced controller too. Voice recognitions and controls can be 

done by connecting and programming the HM-2007 IC with the microcontroller. The ultimate target of the 

pick and place operation has been done along with the prescised accuracy. The problem which we faced with 

the robot is the speed with the voice control is not up to the level of commercially available robot. In future  

phase it has to be enhanced to meet the speed of the commercially available pick and place delta robot. 
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