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ABSTRACT 

Robotics provides an efficient approach in the development of assistive devices, due to their enhanced 

functionality. Statistics predict that by 2015, half of the population in our country is going to be older than fifty, 

every third person even over 60. These ageing societies face numerous challenges in performing simple tasks in 

Activities of Daily Living “ADLs”. Increasingly, a lot of research is being focused on Ambient Assisted Living 

“AAL” which presents a new approach that promises to address the needs of elderly people. An important goal 

of AAL is to contribute to the quality of life of the elderly and handicapped people and help them to maintain an 

independent lifestyle. The introduction of robotics and technology-supported environments will play a huge role 

in allowing elderly and physically impaired people to keep living a self-determined, independent life in their 

familiar surroundings. In this paper, the implementation of a novel intuitive and manipulation scheme is 

proposed, by developing a human-machine communication interface between the Leap Motion controller and 

the robotic arm.  

In this we are having two sections: as User end and Receiver end. For two sections we are using two different 

Software tools. One is Python idle shell and Arduino IDE tool. Here, the data is transmitted through zigbee. 

 

Keywords:LEAP Motion Controller, Robotic Arm, SDK Tool, ATMEGA 2560 Board, Pc/Laptop 

 

I.INTRODUCTION 

 

Impaired or aged individuals require novel approaches for placing mechatronics and robotic assisted services in 

their living environments. The development of such systems should be focused on cost effectiveness, ease of 

control, and safe operation, in order to enhance the autonomy and independence of such individuals, minimizing 

at the same time the necessity for a caregiver. Ageing society faces numerous challenges in performing simple 

tasks in Activities of Daily Living (ADLs). ADLs represent the everyday tasks people usually need to be able to 

independently accomplish. Nowadays caring of elderly people becomes more and more important. Individuals 

with upper limb impairments, also face difficulties to perform ADLs, especially in cases where the impairments 

have resulted from spinal cord injuries, neuromuscular diseases, etc. Many technical aids have been developed 

to assist in impairments in the home environment. However these assistive devices provide limited functionality 

and cannot address in efficient way independence. 

 

II. LEAP MOTION CONTROLLER 

 

Gesture-based human-computer interaction could represent a potential solution for this problem since they are 

the most primary and expressive form of human communication .Two successful examples of 3-D optical 
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sensors is: the Nintendo Wii and the Microsoft's Xbox Kinect. Each of the two examples has its own operating 

principle. The Wii operates by means of a remote which the user has to keep holding during the entire operation 

time. The Kinect was initially developed to allow the user to interact with the Xbox without any controllers; 

however it was used further as a vision platform in many different applications. An analysis of the Kinect 

controller showed that it has an approximately 1.5 cm standard deviation in depth accuracy.    

The Leap Motion Controller is considered a breakthrough device in the field of hand gesture controlled human 

computer interface. The new, consumer-grade controller introduces a new novel gesture and position tracking 

system with sub-millimeter accuracy. The controller operation is based on infrared optics and cameras instead of 

depth sensors. Its motion sensing precision is unmatched by any depth camera currently available, to the best of 

the author’s knowledge so far. It can track all 10 of the human fingers simultaneously. As stated by the 

manufacturer, the accuracy in the detection of each fingertip position is approximately 0.01mm, with a frame rate 

of up to 300 fps.  

 

Figure 1 Leap Motion Controller 

The controller is considered to be an optical tracking system based on stereo vision. Within its surface area of 24 

cm², the controller has three IR (Infrared Light) emitters and two IR cameras. The field of view of the controller 

is very wide, up to 150°, which gives the user the opportunity to move his hand in 3D, just like in real world.The 

Software Development Kit (SDK) supplied by the manufacturer delivers information about Cartesian space of 

predefined objects such as the finger tips, pen tip, hand palm position, etc. Also, information about the rotations 

of the hand (e.g. Roll, Pitch, and Yaw) is available as well. All delivered positions are relative to the Leap 

Motion Controller’s center  point, which lies between the two IR cameras, just above the second IR emitter.  

 

Figure 2 The Schematic View of the Leap Motion Controller. 
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III. IMPLEMENTATION 

3.1Block Diagram 

 

Figure 3 Block Diagram 

In the above block diagram we are having two sections. As: 

 At the user end 

 At the receiver end 

Here, for two sections we are using two different software tools and languages. At the user end am interfacing 

the Leap Motion controller with SDK tool. SDK tool supports four languages. In that am using PYTHON idle 

shell for interfacing the Leap Motion controller. 

At the receiver end am using the controller named as ATMEGA 2560 MC. For interfacing the robotic arm is 

using the arduino software IDE tool. And the data is transmitted through zigbee module.  

 

3.2 Flow Chart 

The algorithm represented in Figure 4 is developed to control each motion type of the Jaco arm i.e. Cartesian 

motion (X, Y, and Z), and Angular motion (roll, pitch, and yaw). Every time a new frame is received from the 

Leap Motion controller, the algorithm compares the reading with the previous one (which is saved from the 

previous frame), and accordingly decides on the next steps that need to be followed. If the absolute difference 

between the two readings is higher than a threshold value (calculated in advance for each user during the 

calibration process), this means that the arm will react moving either in the positive or negative direction 

according to the value of the readings. 
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Figure 4 The Mapping Algorithm 

 

3.3 Calibration Process 

During this period all readings from the Leap Motion controller are stored in data arrays, to be later processed 

by the calibration algorithm. By applying a conventional filtering technique (the moving average filter) to the 

readings, the extreme noisy signals are filtered out, hand tremor patterns can be recognized and threshold 

values can be set accordingly. Threshold values ensure that hand tremor is not reflected to the robotic arm 

movement. 

 

3.4 Gesture Classifications 

 

Figure 5 Flow Diagram for Gesture Recognization 
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3.5 Connection with Arduino Micro-Controller  

To enhance the functionality of the system, an interface is established between the developed software and the 

Arduino ATMEGA 2560 micro-controller. This connection allows for the possibility of interfacing any 

additional sensors, actuators, and display systems (e.g. LEDs, push buttons, display systems, etc.).   

3.5.1 Initialization 

 Plug the Leap Motion Controller into your computer’s USB slot. 

 Be sure you have installed the latest Leap Motion Controller software. We recommend to use the lastest 

version. You can find the latest software on Leap Motion’s Developer Portal: 

https://developer.leapmotion.com/downloads/skeletal-beta 

 Check the Leap Motion Controller state icon in Kolor Eyes. 

 To change the Leap Motion Controller settings for Kolor Eyes, click on “Menu / Leap Motion”. 

3.5.2 Camera Control 

 Finger: Place your hand above the Leap Motion Controller and point at the screen with your index finger to 

make a cursor appear. Move the cursor towards the borders of the screen to move the camera. 

 Hand: Place your hand, palm down, above the Leap Motion Controller and move your hand to adjust the 

camera. You can also transform the video projection to a little planet using two hands (cf. Utilization). 

 

3.6 Gesture Recognization with Leap Motion Controller 

Leap Motion API has a direction vector for the swipe gesture, i.e., a gesture completely recognized is associate 

with a 3D direction vector. This vector has values ranging from -1.0 to +1.0. As shown on Fig. 1, the Leap 

Motion “sees” the 3D space as a standard Cartesian coordinate system, also known as right-handed orientation 

coordinate system. The origin of the coordinate system is centered at the top of the device, being the front of the 

device the side with the green light . The x-axis is placed horizontally along the device, with positive values 

increasing from left to right. The z-axis is placed also on the horizontal plane, perpendicular with x-axis and 

with values increasing towards the user (the front side of the device). The y-axis is placed in the vertical, with 

positive values increasing upwards. As different types of swipe gesture exist we needed to detect and 

differentiate them. Recent Advances in Computer Science The interface was designed to react to six different 

independent types of swipe gestures as shown three of them, are the opposite of the other three: 

 Select and deselect is realized by a top to bottom swipe or a bottom to top swipe respectively(Y-axis). 

 Select different floors of a house is realized by a front to back and back to front Swipes , to select lower and 

upper floors respectively (z-axis). 

 Selecting the next and previous item/object is done by a left to right or right to left swipe Respectively (x-

axis). 

In the first case (i), of a top to bottom and bottom to top swipe, the movement depends mainly on the y-axis. If 

the direction vector has an upward direction (y ≈ +1) then a “deselect” action has occurred. Otherwise, if the 

vector has a downward direction (y ≈ -1), then it is considered a “select” action. Since it is almost impossible to 

do a swipe gesture with a vector direction component of exactly, 

 x = 0 ∧y = ±1 ∧z = 0, (1) 

The algorithm should instead select a range of values to detect and differentiate between swipes types. So, any 

swipe direction that agrees with the condition 
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Figure 6 Six Types of Swipes for the Application 

 y ≤ -0.5 ∧|x| ≤ 0.5 ∧|z| ≤ 0.5, (2) 

is considered a downward swipe. Contrariwise, if a swipe direction agrees with the condition 

 y ≥ 0.5 ∧|x| ≤ 0.5 ∧|z| ≤ 0.5, (3) 

Then it is considered as an upward swipe. In the second case, (ii), we needed to analyze mainly the z-

axis. 

 A vector with direction in z, who has a value approximately 1, is considered to be a back to front swipe. 

Otherwise, it is considered as a front to back swipe. Similar to (i), any swipe direction that agrees with 

the condition 

 z ≤ -0.5 ∧|x|≤ 0.5 ∧|y| ≤ 0.5(4) 

Then it is considered as a front to back swipe. Contrariwise, if a swipe direction agrees with the 

condition. 

 z ≥ 0.5 ∧|x| ≤ 0.5 ∧|y| ≤ 0.5, (5) 

Then it is considered a back to front swipe. The last case, (iii), where x-axis is the main axis, is again 

similar to (i) and (ii). Any swipe direction that agrees with the condition 

 x ≤ -0.5 ∧|z| ≤ 0.5 ∧|y| ≤ 0.5, (6) 

Then it is considered as a right to left swipe. Contrariwise, if a swipe direction agrees with the 

condition 

 x ≥ 0.5 ∧|z| ≤ 0.5 ∧|y| ≤ 0.5, (7) 

Then it is considered as a right to left swipe. These swipes are mutually independent, i.e., for every 

type of swipes there is only one possible choice. 
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3.7 Recordings Model 

While data obtained from Leap Motion Controller are being processed, they are stored using specially created 

classes representing the data. The most important class is Gesture Frame, which represents a single frame 

captured from device. All gathered data is stored in a vector containing elements of Gesture Frame type. Gesture 

Frame holds the following information: 

 _ Timestamp, 

 _ list of data of detected hands in the frame, stored in a vector containing elements of Gesture Hand type.  

Gesture Hand stores parameters of hand performing a gesture. In one instance of Gestur Frame many instances 

of Gesture Hand can be stored. Gesture Hand holds the following information: 

 _ Hand ID, 

 _ Plam position, 

 _ Stabilized palm position, 

 _ Palm normal vector, 

 _ Palm direction vector, 

 _ List of fingers of particular hand, stored in a vector containing elements Gesture Finger type, 

 _ Ordered value, obtained during hand sorting. 

Gesture Finger stores parameters of one finger. In one instance of Gesture Hand many instances of Gesture 

Finger can be stored. Gesture Finger contains: 

_ Finger ID, 

_ Tip position, 

_ Stabilized tip position, 

_ Finger direction vector, 

_ Finger length, 

 

IV. RESULTS 

 

 

Figure 7 Robotic Arm Grasping the Object According to the Hand Gestures Given by the User 
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Figure 8 Robotic Arm Releasing the Object According to the Hand Gestures Given by the User 

 

V. CONCLUSION 

 

Human machine interface is proposed dealing with the intuitive manipulation of a robotic arm for 

implementing ADLs, using a new gesture and position tracking system with sub-millimeter accuracy. The 

main objective of this study is to introduce a simple robotic arm manipulation. in order to enable the 

incorporation of robotic systems into the home environment, to enhance the independence and autonomy of 

individuals with severe mobility impairments, and to allow at the same the monitoring and prevention of 

abnormal disorders such as hand tremor patterns. 

So we can believe that the Leap Motion Controller technology would be undoubtedly benefit and enable the 

realization of various human-machine interaction application in the field of AAL and ADLs, due to its compact 

size, enhanced precision, and low purchase cost. 

 

VII. FUTURE SCOPE 

 

The future scope is by using the same technology we can also develop the virtual instruments. Generally now a 

day’s many people interested about playing virtual instruments. It’s a passion for this generation youth. So it is 

helpful for those people .Means instead of buying all the virtual instruments we can learn without buying them 

using Leap Motion Controller. And it also very helpful for the impaired people who doesn’t want to depend on 

others. 
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ABSTRACT 

Energy is the main constraint in wireless sensor network. Hence to increase the lifetime of WSN, the 

requirement is to have an energy efficient routing protocol .For this purpose the hierarchical routing 

architecture is used wherein the whole network is divided into group of clusters and only cluster head is 

responsible for forwarding the data to base station directly. In hierarchical based architecture routing, cluster 

head is used to aggregate the data from other nodes and send the aggregated data to base station. Cluster head 

is chosen by the nodes of cluster according to the energy of node and the number of nodes in cluster. This paper 

presents the modified Leach-C protocol in which cluster head is chosen among the nodes, having energy more 

than the threshold level. 

 

Keywords: Energy Efficiency, Flat Routing, Routing Protocols, Wireless Sensor Networks, 

Wireless Sensor Node. 

 

I. INTRODUCTION 

 

A sensor network is composed of tens to thousands of sensor nodes which are distributed in a wide area. These 

nodes form a network by communicating with each other either directly or through other nodes. One or more 

nodes among them serve as sink(s) which are capable of communicating with the user either directly or through 

the existing wired networks. According to nodes participation style, routing protocols can be classified into three 

categories, namely, direct communication protocols, flat protocols and clustering protocols [1]. 

a) In direct communication protocols, a sensor node sends data directly to the sink. Under this protocol, if the 

distance between the communicating nodes is large, more power would be required to establish a 

connection and they send the information and hence power would exhaust quickly. 

b) In case of flat protocols, all nodes in the network are treated equally. When a node needs to send data, it 

may find a route consisting of several hops to the sink. Generally, the probability of participating in data 

transmission process is higher for the nodes around the sink than those nodes far away from the sink. So, 

the nodes around the sink could run out of their power soon. One of the most critical issue in wireless 

sensor networks is represented by the limited availability of energy with the nodes; thus, efficient use of 
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energy is necessary to increase network lifetime. In hierarchical routing architecture, sensor nodes self-

configure themselves for the formation of cluster heads [9].  

c) In the clustered routing architecture, nodes are grouped to make cluster, and a dedicated node acting as a 

cluster head collects, processes, and forwards the data within its cluster. One of the most critical issues in 

wireless sensor networks is represented by the limited availability of energy on network nodes thus, making 

good use of energy is necessary to increase network lifetime. 

This paper is organized as follows: 

Section 2 includes the Literature survey on energy consumption in WSN. Section 3 explains the modified 

Leach-C algorithm. The implementation of algorithm is shown in section 4. Section 5 concentrates on the 

results. Finally section 6 concludes the paper. 

 

II. LITERATURE SURVEY  

2.1 Energy Consumption Model 

Energy efficiency is one of the most important design constraints in wireless sensor network architectures [3]. 

The lifetime of each sensor node depends on its energy dissipation. In applications where the sensor nodes are 

totally dependent on no rechargeable batteries, sensor nodes with exhausted batteries will cease operation. A 

typical sensor node consists mainly of a sensing circuit for signal conditioning and conversion, a digital signal 

processor and radio links. Hence, during the life cycle of the sensor node each event or query will be followed 

by a sensing operation, performing necessary calculations to derive a data packet and send this packet to its 

destination[6]. 

Although energy is dissipated in all of the models of a sensor node, we mainly consider the energy dissipation 

associated with the communication energy consumption since the core objective of algorithm is to develop an 

energy-efficient network layer routing protocol to improve network lifetime. 

The  energy consumption costs for  transfer of  k-bit data message between two nodes separated by a distance of 

d meters is given by Eqs.1 and 2, respectively. 

 ET (k,d) = ETx k + Eamp(d) k       (1) 

 ER (k) = ERxk          (2) 

Where ET (k,d) = the total energy dissipated by the transmitter of the source node 

ETx = Per bit energy dissipation for transmission 

ERx  =  the per bit energy dissipation at  reception 

Eamp(d)  = energy required  to maintain an acceptable signal-to-noise ratio by amplifier 

k = data bits 

d = distance between two nodes 

As is the case in [8],  free-space propagation model and  two ray ground propagation model both are used to 

approximate the path loss sustained due to wireless channel transmission. Given a threshold transmission 

distance of d0, the free-space model is employed when d≤d0, and the two-ray model is applied for cases where 

d<d0. Using these two models, the energy required by the transmit amplifier Eamp(d) is given by equation (3). 
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Where 

  and  = Transmit amplifier parameters corresponding to the free-space and the two-ray models. 

 d = threshold distance 

o

Efs
d

Emp
              (4) 

 

III. CLUSTER BASED ROUTING PROTOCOL 

 

One of the most critical issues in wireless sensor networks is represented by the limited availability of energy on 

network nodes; thus, making good use of energy is necessary to increase network lifetime. In hierarchical 

routing architecture, sensor nodes self-configure themselves for the formation of cluster heads [11].  

In the clustered routing architecture, nodes are grouped into clusters, and a dedicated node as cluster head 

collects, processes, and forwards the data from all the sensor nodes within its cluster. A cluster head is chosen 

from the nodes. Each node decides whether it will become a cluster head or not. If a node become a cluster head 

for one time, it cannot become cluster head again for P rounds, where P is the desired percentage of cluster head.

  

3.1 Leach C 

Low-Energy Adaptive Clustering Hierarchy (LEACH) protocol proposed in [12] provides a balancing of energy 

usage by random rotation of cluster heads meanwhile assuring uniform load balancing in one-hop sensor 

networks. 

In general LEACH-C works in rounds. There are two distinct operational phases in each round, namely Cluster 

Set up phase and Steady-State phases. Cluster Set up phase includes cluster head advertisements and Scheduling 

of nodes within each cluster by respective cluster heads. Steady-State phase involves transmission of data from 

nodes to their respective cluster heads at scheduled time intervals. 

 

IV. PROPOSED ALGORITHM: MODIFIED LEACH-C PROTOCOL 

 

According to the algorithm, clusters of nodes are made and the cluster head is chosen according to the energy of 

nodes. As the nodes send data to respective cluster heads energy dissipation for those nodes is calculated .Then 

cluster head aggregate the data and send it to the base station and energy consumption is calculated. 

 The following assumption are to be considered. 

 A fixed base station is located far away from the sensor nodes. 

 Initally all sensor nodes are assumed with uniform energy. 

 The nodes are equipped with power control capabilities to vary their transmission power. 

 Each node senses the environment at  fixed interval and  has data to send to the base station. 

 The energy required to transmit a message from a source node to a destination node is same as the energy 

required to transmit the same message from the destination node back to the source node for a given SNR 

(Signal to Noise Ratio). Hence The radio channel is supposed to be symmetrical.   

 Moreover, it is assumed that the communication environment is contention and error free. The need of 

retransmission is out of scope of this paper. 

The need of retransmission is out of the scope of this paper. 
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4.1 Algorithm 

This algorithm runs in two rounds.In round 1,cluster head is chosen and energy is calculated for each node on 

the basis of its transmission.In round 2, 

1. Base station is set up at the center of region and each node will have equal energy. 

2. In round 1, Cluster Head will be created according to energy of particular node and number of nodes in the 

cluster.  

3. The decision of each node to become cluster head is taken based on the suggested percentage of cluster.  

4. A sensor node chooses a random number, r, between 0 and 1. If this random number is less than a 

threshold value T (n), the node becomes a cluster-head for the current round. The calculation of threshold 

value T(n) is shown in equation 5, that incorporates the desired percentage to become a cluster-head.          

       ,
1

1 *( mod )( )

0                               otherwise

p
if n G

p rT n
p

 
    

 
  

    (5) 

Where 

T (n) = Threshold value of energy to become cluster head 

p = percentage of cluster head nodes 

n = number of nodes 

G = set of nodes which has not been selected as cluster head 

5. Then, Nodes send the data to their respective cluster heads and energy consumption will be calculated 

according to the Equ. 6 

 ETx *k + (ERx*d
4
*k)       (6) 

Where 

               ETx = Per bit energy dissipation for transmission 

               ERx  =  the per bit energy dissipation at  reception 

               K = packet size 

6. Cluster Head will aggregate the data and send it to the base station and energy consumed will be calculated 

for each node and cluster heads according to following condition. 

 ETx  + EDA  * k 

Where 

 EDA=  energy dissipation 

7. In round 2, the nodes will become cluster heads according to probability condition [11] i.e. according to 

minimum distance from base station.  

8. After selection of cluster heads, Nodes send the data to their respective cluster heads, that will be selected 

according to the minimum distance of a particular node from cluster heads and energy consumption will be 

calculated.  

9. Cluster Head will aggregate the data and send it to the base station and energy consumption will be 

calculated.  

10. This process will be repeated until the whole network gets down or number of rounds finished.  
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11. Performance will be evaluated according to parameters like network lifetime, energy dissipation, and 

cluster head in each round. 

 

V. IMPLEMENTATION AND RESULTS 

 

Table 1 represents the parameters used to get the following results. 

TABLE 1: Parameter Value 

Network Field 300*300m 

Number of nodes(N) 200 

Initial energy 1 J 

Eelec (E.Dissipation for ETx & ERx) 50nJ/bit 

εfs (free space) 10 pJ/bit/m
2
 

εmp (Multipath fading) 0.0013 pJ/bit/m
4
 

 

EDA (Energy Aggregation Data) 5 nJ/bit/signal 

 

Data packet size 4000 bits 

 

 

Figure 1 shows the performance of LEACH-C protocol and modified LEACH-C protocol. We can see from the 

graph that modified protocol has better network lifetime as the lesser number of nodes are dead in rounds in 

comparison to LEACH-C protocol. 

 

FIGURE 1 Number of Rounds vs Number of Dead Nodes 
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FIGURE 2 Number of Rounds vs Network Energy Consumption 

Figure 2, shows that the number of packets transferred  to the base station in modified protocol is much more as 

compared to LEACH-C.  

 

FIGURE 3 Number of Rounds vs Energy Consumption 
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Figure 3 shows the energy consumption in each round. The energy consumption of LEACH-C protocol is more 

in comparison to modified LEACH-C protocol. Hence the algorithm of modified LEACH-C protocol will 

enhance the network lifetime. 

 

FIGURE 4 Number of Clusters vs Number of Rounds 

 

Figure 4 shows the cluster head formation in each round. It can be observed that cluster head formation in each 

round of modified LEACH-C protocol is optimal and hence  maximize the network lifetime. 

 

 VI. CONCLUSIONS AND FUTURE WORK 

 

WSNs differ from traditional wireless communication networks in several of their characteristics. One of them 

is power awareness, due to the fact that the batteries of sensor nodes have limited lifetime and are difficult to be 

replaced. Therefore, the protocols must consume minimum energy and the longevity of the network must also 

be preserved. This is the reason that routing protocols in WSNs aim mainly to accomplish power conservation 

while the traditional networks focus primarily on the Quality of Service (QoS). The proposed modified Leach-C 

routing protocol is a hierarchical routing based protocol, wherein the control is with the base station. The sensor 

nodes self configure themselves for the cluster head selection in non centralized hierarchical routing. While self 

configuring them, the nodes are unaware of the whole logical structure of the network. But in the proposed 

modified Leach-C protocol, the base station first collects information about the logical structure of the network 

and residual energy of each node and then selects the cluster head. Hence the cluster formation leads to 

longevity of network also. Finally, modified protocol is compared with already developed routing protocol Low 

Energy Adaptive Clustering Hierarchy-Centralized (LEACH-C) using MATLAB. A comparison between two is 

done on the basis of energy consumption with rounds, data packet sent to base station and the system lifetime of 
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network. System lifetime is basically for how long the system works. The results show that modified LEACH-C 

protocol works better than LEACH-C protocol.  
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ABSTRACT:  Automatic blackboard dusters are made to reduce the man-power involved in cleaning blackboards 

and also to reduce the fatigue caused due to traditional wiping device. The dust which is generated while cleaning 

is so hazardous to health which causes many respiratory problems and also manual method is time consuming. To 

reduce such problems Automatic Blackboard dusters are one of the alternatives. This paper work presents the 

design and Fabrication of automated blackboard wiping device. The system consists of following basic units: 

Blackboard, wiper mechanism, wiper, DC motors, water sprayer and remote controller. The working of this system 

is based on windshield wiper mechanism of the car. The system uses oscillatory motion of the four bar wiper 

mechanism to clean the blackboard. The system also uses a water sprayer to spray water or cleaning solution for 

effective cleaning of the blackboard.  The device makes teaching efficient and reduces human efforts. 

Keywords: Automated black board, Fatigue, hazardous, traditional methods, wiper mechanism   

 

I. INTRODUCTION 

Blackboards are being used for so many years. The main purpose of using blackboard is effective learning in the 

class room environment. Chalk pieces are used to write on the blackboard. The chalk powder obtained from the 

chalk pieces while erasing the blackboard, when inhaled by human cause problems to the respiratory organ. The 

Asthma patients and those who are allergic to dust cannot sit near the blackboard. Based on the problems faced by 

the faculty and the students, a case study was made. The case study illustrated about major issues, caused by chalk 

dust which can accumulate in the human respiratory system and cause problems. Other than this there are few more 

issues like hair loss, burning of eyes etc. Manual work is needed to clean a board which further extends time 

consumption while taking classes. Moreover chalk dusts not only harm the human but also the machines. 

Equipment‟s that are used in the class rooms like projectors when exposed to the chalk dusts which is not heavy get 

easily settle on the equipment‟s. This is one of the reasons for heat production in the equipment‟s; when large 

amount of heat is produced the equipment may wear out before its actual life period ends. The Automated 

Blackboard Eraser can be used in the class rooms to avoid the above faced problems and to modernize the class 

rooms. 
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II. LITERATURE REVIEW 

The purpose of this literature review is to provide background information on the issues to be considered in this 

paper and to emphasize the relevance of the present work. 

   Mr Sunil. R.et al. [1] proposed that compared to manual wipe, smart wipe has good effect and runs smooth with 

good reaction speed. The product is suitable large, medium and small institutions. 

  Gaylord A Williams et al [4] explained in his paper that this device uses a Rack and pinion mechanism to clean 

the blackboard. For effective cleaning a water sprayer is used to sprinkle water while cleaning. 

   Billie R. Crisp[2] explained about an automatic duster erasing apparatus for classroom. The movement of the 

shaft fixed with the eraser was primarily done by manual switches. But the most distinctive part of the 

mechanism was the plural dusters embedded on the shaft so as to increase the duster range as well as cleaning 

the blackboard became much easier. The electric motors span the whole blackboard so as to move the duster 

along it. The rollers at top and bottom do traverse motion.  

  Solomon Forst [3] designed a blackboard erasing system. The blackboard is mounted with the cleaning 

apparatus fitted to the wall; it includes a separate duster apparatus rather than the cleaning material which was 

used in the previous models. 

 

III. METHODOLOGY 

 

 

Fig 1. Circuit design of a black board device 

 

Fig 1.  shows the detailed circuit diagram of  black board wiper device. The microcontroller used is PIC 18F458 to 

control the signals. The output generated by encoder at the transmitter is given to PORT C of PIC. The user when 

presses the switch gives the input to the encoder which encodes it into proper format. The signal is transmitted to 

the receiver section. The input is then decoded using decoder. The address lines of encoder and decoder are set at 

0 so as to enable the data transfer between them. The decoded bits are then given to the microcontroller which then 

checks it for the direction given by the user and generates proper output for the L293d to implement. The L293d 

then gives the supply to the motors as specified in the output of the microcontroller and the movement starts. 

Voltage required is 12V. The current rating of the transformer depends upon the current required for the load to be 

driven. 
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IV.CONCEPTUAL MODEL OF BLACKBOARD WIPING DEVICE 

                                 

 Fig 2: Conceptual model of blackboard wiping device 

 

 

Fig 3. Simple arc single blade 

 

Dimensions considered for blackboard wiper device  

 Board size :1219 x 914mm
2
 

 Arm length : 558.8 mm 

 Wiper length : 508mm 

 Width:  50.8mm 

 Motor : 12V DC 

Components used for fabrication of blackboard device 

 blackboard 

 dc motor 

 capacitor 

 diode 

 battery 

 regulator 

 relay 

 resistors 

 led 
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V. WORKING PRINCIPLE 

The simplest and most common linkage is the four-bar linkage. It is a combination of four links, one being 

designated as the frame and connected by four pin joints. Because it is comprised of four links connected by four 

pin joints and one link is unable to move. 

 

Fig 4. Four bar mechanism 

 

The mobility of a four-bar mechanism consists of the following: 

  n = 4, jp = 4 pins, jh = 0 

and   

M = 3(n - 1) - 2jp - jh = 3(4 - 1) - 2(4) - 0 = 1 

Because the four-bar mechanism has one degree of freedom, it is constrained or fully operated with one driver. The 

wiper system in Figure is activated by a single DC electric motor. The link that is unable to move is referred to as 

the frame. Typically, the pivoted link that is connected to the driver or power source is called the input link. The 

other pivoted link that is attached to the frame is designated the output link or follower. The coupler or connecting 

arm couples” the motion of the input link to the output link.Because it is encountered so often, further exploration 

is in order. 

 

VI. DESIGN CALCULATIONS 

Minimum pressure required to clean black board, P =1200 N/m
2
 

Contact surface of blackboard is given by   

  𝑎= l x b 

Where 

 l = length of the duster  

 b= width of the duster 

We have 

 l = 24 inch. = 0.6096 m and b = 2 inch. = 0.0508 m 

        a = 0.6096 x 0.0508 

  = 0.03096 m
2
 

The normal force required is given by: 
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 Rn= P x a 

  = 1200 x 0.03096 

  = 37.16 N≈ 38 N 

We assume the co-efficient of friction for the duster material as 0.5 

Then the frictional force on duster: 

 F = µ x Rn 

      = 0.5 x 38 

    = 19 N 

 

Arm length of the mechanism is 0.5588m (22inch) 

 T = F x r 

    = 19 x 0.5588 

    = 10.61 Nm 

 

VII. FABRICATED MODEL OF BLACKBOARD WIPING DEVICE 

 

                       

 

Fig 5 Front view of the Blackboard wiping device 

 

 



 

105 | P a g e  

 

 

Fig 6 Side view of the Blackboard wiping device 

VIII. ADVANTAGES 

 

 Easy to operate 

 Low cost 

 Its construction is simple  

 Less maintenance 

 

IX. CONCLUSION 

Compared with manual wipe, smart wipe has a good effect and runs smooth with good reaction speed. The rate 

of rotation of the motor can be set in accordance with the requirements of the wiping speed to suit the 

requirements of different occasions. The smart eraser has a simple structure, easy to operate, easy to obtain 

raw materials, manufacturing equipment, simple process,  less susceptible to interference, high reliability, can 

make products with high performance and low cost. The product is suitable for large, medium and small 

institutions. It provides a better solution for the health problems, time constraints in the class rooms. 

 

X. FUTURE SCOPE 

 In this work, there is a great scope to modify it in different ways like increasing its operation by using 

different wiper mechanisms. 

 And also there is a great scope to modify by increasing its operation like vacuum cleaner, a form of spray of 

water whenever required by applying pump for better finishing. 

 Different mechanisms to reduce noise so that better result can be obtained. 
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ABSTRACT 

Autonomous vehicle is also called as driverless car or robotic car. Autonomous vehicle have five important 

working fundamentals viz; Radar, GPS, LIDAR, Optics and Processor. It is basically working of car without 

driver, the car which itself take control and decision to move, to run and to operate. Use of automobiles is 

indispensable in modern era. This mobility is usually taken for granted by most people and they hardly realize 

that transportation forms the basis of our civilization. Use of technology makes vehicle smart. As the cities grow 

and the population increases, more traffic is generated which has many adverse effects. Not having a proper 

transportation system costs people their safety, time and money. The need for a more efficient, balanced and 

safer transportation system is obvious. This need can be best met by the implementation of autonomous 

transportation systems. Autonomous means having the ability of self-governance.  The car that is capable of 

sensing its environment and navigating without human input. Autonomous vehicles sense their surroundings 

with techniques such as radar, LIDAR, GPS, and computer vision. Advanced control systems interpret sensory 

information to identify appropriate navigation paths, as well as obstacles and relevant signage. Autonomous 

vehicles are capable of updating their maps based on sensory input, allowing the vehicles to keep track of their 

position even when conditions change or when they enter uncharted environments.  

This paper focuses on working and future scope of Autonomous Vehicle. The use of technological advancement 

has shown the promising future.  

 

Keywords: Autonomous vehicle, Driverless car, Radar, LIDAR, Processor, Smart, Promising 

Future. 

 

I. INTRODUCTION 

 

Autonomous means having the ability of self-governance.  An autonomous car, also known as a driverless car, 

self-driving car or robotic car. Autonomous vehicles sense their surroundings withsuch techniques as radar, 

LIDAR, GPS, and computer vision. Advanced control systems interpret sensory information to identify 

appropriate navigation paths, as well as obstacles and relevant signage [1, 2]. Autonomous vehicles are capable 

of updating their maps based on sensory input, allowing the vehicles to keep track of their position even when 

conditions change or when they enter uncharted environments.  

 

II. LITERATURE REVIEW 

 

Table 1 mentions the important findings in the field of autonomous vehicle chronologically.  
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Table 1: Development of Autonomous Vehicles 

SR. NO YEAR AUTHOR/ AUTHORITY FINDINGS  

1 1930 Norman Bel Geddes's Futurama Automated Guided Car  

2 1950 Leland M. Hancock Miniature Car 

3 1960 Dr. Robert L. Cosgriff Driverless Car 

4 1990 United States Congress Automated Vehicle and Highway System 

5 2000 US Government Unmanned Ground Vehicle 

6 2010 major automotive manufacturers Testing Driverless Car Systems   

 

III. WORKING 

 

Working of the autonomous vehicles is consisting of mainly 5 components such as- Radar, GPS, LIDAR and 

Optics & Processors. The RADAR is used in the vehicles for the used to detect the dangerous objects in the path 

of vehicles. The LIDAR is component of the autonomous vehicle which scans the car surrounding in the 100 

meters radius. The GPS (GLOBAL POSITIONING SYSTEM) gives the global positioning of the car. OPTICS 

uses the video cameras to identify road marking & traffic signals [3]. The above 4 components give their 

information to PROCESSOR& it will give this information to the car.    

 

Fig. 1 Detail Working of Autonomous Vehicles 

During the actual working of autonomous vehicles there are 2 RADARS i.e. one on the roof & 2
nd

on the front of 

the vehicle. The radar is actually used to judge the distance between the autonomous vehicle and the vehicle in 

front. This emits thousands of beams of light per seconds in all direction to identify within 100 meter radius of 

the car.They are not harmful to the human health. When the vehicle is running on the road all the components of 

autonomous vehicle are in the working, in which radar plays an vital role to identify the road condition. The 

mainly radar is identifies the road conditions at least 100 meters from the vehicle. At the running condition radar 

also works and it sends the beams , when any obstacles is come in this beams it reduces the speed of vehicle and 

if no any obstacle in front of vehicle then the vehicle speed is constant. 
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Fig. 2 Detail Working of RADAR 

At that same time the OPTICS that is CAMERA which is equipped with 2 lenses that measure the depth in 3D. 

This lenses measures brightness & identify the shapes of people and animals. And also this identifies the road 

marking and traffic signals.  The OPTICS & CAMARAS are senses the signals like signal of lane changing, 

signal of stopping, turning signals of front vehicle. 

 

Fig. 3 Detail Working of OPTICS and CAMARA 

 The GPS it captures satellite signals to the pinpoint of vehicles location and transfers them to processing system 

that determines the rout to be followed by that car and also the global position of vehicle in road with an 

accuracy of 30 centimeters. 

 

Fig. 4 Detail Working of GPS 
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The LIDAR consist of emitter, mirror, receiver & display. The working of LIDAR consist of emitter which 

sends the laser beam, then this laser beam are bounces on the mirror that is rotating with 10 revolution per 

second.    

 

Fig. 5LIDAR 

Then this laser beams are bouncing on the objects in front of the car then this is getting reflected back to the 

mirror and get downward.  Then this light is focused onto the receiver. From this information the processer is 

generating the map of surrounding and use to avoid the obstacles. The autonomous vehicles consist of 2 

computers. Computer 1 is located at the bottom of the car. It has high processing capacity, receives information 

from the external sensors and tells the car what it should do for purposes of computer 2 (which operate the 

hardware) [3]. Computer 2 is smaller and fits in the gloves compartment. Its function is to operate all the 

vehicles hardware e.g. telling the steering wheel to turn to the right. While vehicles is running on the road the 

magnetic electric motor in the steering column turns the wheel based on commands from the computers. The 

brakes and accelerators are operated by using mechanism i.e. linear actuator.  Automatic gear shifting & 

controlling, this information is seen on the screen, and the buttons on the dashboard which is operated by using 

command which is given by computer 2.   

 

IV. FUTURE SCOPE 

 

Future scope of the autonomous vehicles is Now comes the next step. Mercedes-Benz and Audi recently 

demonstrated Traffic Jam Assist, which uses adaptive cruise control and automatic steering. Volkswagen Passat 

and General Motors Firebird II are some of the autonomous vehicle projects under research.  

 

V. CONCLUSION 

 

Working of a typical autonomous vehicle is discussed, which is intelligent vehicle by virtue of smart technology 

used in it. Most of the leading automobile industry have put forward with Research and Development for 

betterment of society. It not only serves the purpose of smart vehicle but also shows the overall betterment in 

automobile technology. Though technology shows promising future, it has long way to go.  
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ABSTRACT  

The IC engine has seen numerous modifications over the past few decades. The sole motto behind the 

modifications was to increase the overall efficiency of the IC Engine. Some recent technologies like the MPFI, 

CRDI, etc. in the Otto Cycle and Diesel Cycle engines have created a revolution in the automobile industry. In 

spite of these advances, the efficiencies are not being more than a particular limit. However, the concept of Split 

Cycle engines has drastically increased the overall performance. The split cycle basically separates the 4 

strokes of the conventional cycle. The Scuderi Engine one of the best engines made based on the Split Cycle 

concept. The Scuderi Engine works on the Split Cycle and gives more efficient output than the conventional IC 

engines. It also eliminates the problems faced by other engines based on the Split Cycle. Scuderi Engines have 

one most important advantage over all the other engines and that is the Design Flexibility. This paper throws 

light on all the points mentioned above and some more of the key points related to the Scuderi Engines. 

 

Keywords: Air Hybrid, Crossover Passage, High Thermal Efficiency, Scuderi Engine, Split Cycle. 

 

I. INTRODUCTION 

 

A Split Cycle Engine is an engine that separates the four strokes of Intake, Compression, Power and Exhaust. 

This is achieved by using two separate but paired cylinders. The Scuderi Engine is an Engine based on the Split 

Cycle. 

The two paired cylinders of the Scuderi Engine are named as the Compression Cylinder and the Power Cylinder. 

As the name suggests, the air is compressed into the Compression Cylinder and then it is sent to the Power 

Cylinder. The system through which the air is transferred to the Power Cylinder is known as Crossover Passage. 

The air is then mixed with fuel and the combustion takes places in the Power Cylinder. 

 

II. HISTORY 

 

The Scuderi engine was invented by Carmelo J. Scuderi. The Scuderi Engine was formally called the Scuderi 

Split Cycle Engine. Scuderi Group is an engineering and licensing company founded by Carmelo Scuderi's 

following generation. It is situated in West Springfield, Massachusetts. The first working prototype engine that 

was revealed by the Scuderi Group was in the year 2009 (The Company is currently working on the same) [1]. 

By mid August 2011, Scuderi Group had roughly around more than 476 patent applications worldwide and more 

than 50 countries have issued around 150 plus applications as patents. 
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III. WORKING 

 

The Scuderi Engine is an Engine based on the Split Cycle. It has two separate cylinders which are paired 

together for performing the conventional four strokes. The first cylinder, generally referred to as Compression 

Cylinder, performs the task of taking the air inlet and compressing it. The compressed air charge is then sent to 

the other cylinder by a passage known as the Crossover Passage. The other cylinder, generally called the Power 

Cylinder, serves the purpose of the Power Stroke and the Exhaust [2]. 

 

Fig. 1 Cut Section of Scuderi Engine 

Other split Cycle engines were designed but they failed to match the efficiency of the conventional IC Engines. 

This was because of the two predominant reasons viz. Breathing Problems and Low Thermal Efficiency. The 

Breathing Problems were caused due to the high pressure gases trapped in the compression cylinder. The lower 

thermal efficiency on the other hand, was a result compressing the gas twice. These problems were overcome by 

the Scuderi Engine because of its unique and one of the most important concepts of firing After Top Dead 

Center (ATDC). 

Generally, firing after the top dead center is avoided as it results is problems like knocking and detonation. But 

in Scuderi Engines, the firing after top dead center eliminates the losses arising due to recompressing the gas. 

But the main question is, How to Fire After Top Dead Center? 

High pressured air in the transfer passage and higher turbulence in the Power Cylinder is the answer. This 

results in a Split Cycle engine with a greater efficiency and better performance than a conventional IC Engine 

[3]. 
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3.1 Energy Output of Scuderi Engines 

To calculate the power output from the Scuderi Engine as a whole, the P-V characteristics of the Compression 

Cylinder and the Power Cylinder need to be studied individually. 

3.1.1 P-V Characteristics of the Compression Cylinder 

When the piston is at the Top Dead Center (TDC) during the intake stroke, the inlet valve of the compression 

cylinder opens allowing the air charge to enter into the cylinder. The volume in the cylinder starts increasing as 

the piston starts travelling from its TDC to BDC (Bottom Dead Center). 

 

Fig. 2 P-V Curve for Compression Cylinder 

The air entering during this travel of the cylinder is at atmospheric pressure (low pressure). When the piston 

reaches BDC, the inlet valve closes. When the piston starts its travel from the BDC to the TDC, the air 

entrapped in the volume of the cylinder starts compressing as the volume in the cylinder decreases and there is a 

pressure rise in the cylinder. When the pressure in the cylinder is high enough (say 50bar), the crossover inlet 

valve opens and the pressurized air is then transferred to the crossover passage.  The inlet valve then opens 

when the piston reaches TDC and the pressure instantaneously reduces to atmospheric pressure. As the pressure 

is now atmospheric, the initial process repeats. The graphical representation of this process is plotted on a P-V 

graph, as shown in figure. 

3.1.2 P-V Characteristics of the Power Cylinder 

When the power piston is almost at TDC, the crossover valve opens. High pressure air thus enters the power 

cylinder through the crossover passage. Now the power piston begins its downward travel which is the Power 

Stroke. During this stage, fuel is injected into the power cylinder and combustion initiates after power piston has 

displaced by around 10° to 15° form the TDC.  
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Fig. 3 P-V Curve for Power Cylinder 

After this, the crossover outlet valve closes and the pressure in the power cylinder increases even though the 

volume is also increasing. The downward movement of the piston continues and the volume is constantly 

increasing with the pressure starting to reduce. When the power piston reaches the BDC, the exhaust valve 

opens. The piston starts is return travel from BDC to TDC to push the exhaust gases out of the system. During 

this process, the pressure inside the cylinder is at atmospheric pressure. When the piston reaches TDC, all the 

exhaust gases are expelled out and the first process repeats. 

The net energy thus produced by the Scuderi Engine is the difference between the two P-V Curves. 

 

IV. THE CROSSOVER PASSAGE 

 

To enable the compression piston to begin pushing air into the crossover passage as the crossover passage is 

moving air into the power cylinder; the compression piston and the power piston are so arranged on the 

crankshaft that the power piston leads the compression piston by about 20°. At any given time, the mass of air 

flowing in to the crossover passage is same as the mass of air flowing out of the crossover passage. Due to this, 

the air pulled into the engine during the suction stroke is not the same air used in combustion during that cycle 

of the engine. The air has to travel through the crossover passage to be used for combustion. This process 

enables the crossover passage to remain at relatively constant pressure. This results in a drastic reduction in the 

Pumping losses through the crossover passage. 

 

V. THE AIR HYBRID SCUDERI ENGINE 

 

The Air Hybrid design is a very simple and cost effective design and can be achieved by simply adding an air 

storage tank in the engine configuration. 
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Fig. 4 An Air Hybrid Scuderi Engine with Turbocharger 

The air tank is required to store and recapture the energy that is lost during the normal operation of the engine. 

The different ways in which the air hybrid can be used efficiently are discussed below: 

o Normal running of the Scuderi engine: As the name indicates, the air hybrids can also be used for the 

normal operation of the Scuderi Engine. 

o Regenerative Braking: In this, during the braking of or the idle running condition of the vehicle, the power 

cylinder is turned off and the contact between the vehicle and engine is maintained. The force obtained 

from stopping of the vehicle continues the running of the compression cylinder and the energy output 

received from it is stored into the air storage tank to utilize it for further use [4]. 

o High Efficiency Mode: In this mode, the compression cylinder is turned off. The pressurized air from the 

air storage tank is fed to the power cylinder for the operation. This eliminates the losses incurred during 

compression of air in the compression cylinder which in turn increases efficiency. 

o Cruising Mode: In the mode, the engine operates as a normal engine. The charge from the compression 

cylinder is not completely utilized for the combustion process. Instead, partial charge from the compression 

cylinder is used to charge the air storage tank and the rest is used for combustion purpose. Whenever the 

tank becomes full, the compression cylinder is turned off and the vehicle operates in High Efficiency Mode. 

 

VI. ADVANTAGES 

 

 The Scuderi engine has many advantages over the conventional engines. One of the most important and key 

advantages of Scuderi engine is the design flexibility of the engine. Many of the features that are very 
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difficult to implement or need additional equipments in a conventional engine can be easily achieved in a 

Scuderi Engine. For example, the Miller effect can be achieved by simply changing the length of the power 

cylinder; the piston friction can be easily reduced by giving an offset to the cylinders and the change in 

compression cylinder area gives a Supercharging effect. 

 Due to the split cycle incorporated, the emissions from the Scuderi engines are much cleaner. 

 Higher thermal efficiencies are achieved with the help of Scuderi Engines. 

 Scuderi engines are compatible with additional devices like Turbochargers that in turn increase the overall 

efficiency. 

 

VII. LIMITATIONS 

 

 One of the most important limitations of the Scuderi engines is that the engines are still not used in practice. 

These engines are still to be incorporated in all the vehicles. 

 The additional number of cylinder increases the cost of the engine. 

 The additional cylinder also adds up to increase in frictional losses. 

 The power density of the Scuderi Engines is same as that of the other Otto Cycle Engines. This is because 

of the compression cylinder. 

 

VIII. FUTURE SCOPE 

 

The concept being a patented and a revolutionary one, many of the automakers are turning towards this concept. 

Hence, it can be expected to have Scuderi Engine powered vehicles by leading automakers and on a large scale. 

 

IX. CONCLUSION 

 

From the above data, it can be concluded that the overall performance of the Scuderi Engines is on the higher 

side as compared to the conventional IC Engines. The Scuderi Engines lead the IC engines in overall terms of 

thermal efficiency, torque, work done per cycle, power output, etc. The area under the P-V curves is also greater 

than that of the conventional IC engines. Therefore, it can be concluded that the Scuderi Engines are overall 

more efficient than the conventional IC engines. 
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