
Chapter 6 

Programming with Arduino 

6.1 Features of Arduino 
6.2 Components of Arduino Board  
6.3 Arduino IDE 
6.4 Case Studies  

6.1 Features of Arduino 











 



















 











 



Chapter-7  

Programming with Raspberry Pi 

7.1 Architecture and Pin Configuration 
7.2 Case studies 
7.3 Implementation of IoT with Raspberry Pi  

7.0 What is Raspberry Pi?

 

 
7.0.1 Specifications of commonly used Ver. Of 

Raspberry Pi

 

7.1 Architecture and Pin Configuration 



 

 

 

 





 

Sl. 

No. 

Arduino Raspberry Pi 

1. Control unit of Arduino is from 

ATmega family. 

While control unit of Raspberry Pi is from 

ARM family. 

2. Arduino is based on a microcontroller. While Raspberry Pi is based on a 

microprocessor. 

3. It is designed to control the electrical 

components connected to the circuit 

board in a system. 

While Raspberry Pi computes data and 

produces valuable outputs, and controls 

components in a system based on the 

outcome of its computation. 

4. Arduino boards have a simple hardware 

and software structure. 

While Raspberry Pi boards have a complex 

architecture of hardware and software. 

5. CPU architecture: 8 bit. CPU architecture: 64 bit. 

6. It uses very less RAM, 2 kB. While Raspberry Pi requires more RAM, 1 

GB. 

7. It clocks a processing speed of 16 MHz. While Raspberry Pi clocks a processing 

speed of 1.4 GHz. 

8. It is cheaper in cost. While Raspberry Pi is expensive. 

9. It has a higher I/O current drive 

strength. 

While Raspberry Pi has a lower I/O current 

drive strength. 

10. It consumes about 200 MW of power. While it consumes about 700 MW of 

power. 





 



 

7.2 CASE STUDIES 

7.2.1 Blinking LED

 



  

 

 



Result

 

7.2.2 Taking Picture using PiCam





  



7.3 Implementation of IoT with Raspberry Pi 
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10.1 Characteristics of Smart Cities  

   Application Focus Areas 
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10.2 Smart city Frameworks 

Smart Economy 
 
 
 
 
 
 
 
 

Smart Governance 
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   Smart Living 

 

Current Focus Areas 
       Smart Homes 

• Health monitoring. 
• Conservation of resources (e.g. electricity, water, fuel). 
• Security and safety. 

       Smart Parking Lots 
• Auto routing of vehicles to empty slots. 
• Auto charging for services provided. 
• Detection of vacant slots in the parking lot. 

 
       Smart Vehicles 

• Assistance to drivers during bad weather or low-visibility. 
• Detection of bad driving patterns or driving under the influence of substances. 
• Auto alert generation during crashes. 
• Self-diagnostics. 

 
       Smart Health 

• Low cost, portable, at-home medical diagnosis kits. 
• Remote check-ups and diagnosis. 
• On-body sensors for effortless and accurate health monitoring. 
• Auto alert generation in case of emergency medical episodes (e.g. Heart 

attacks, seizures). 
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      Pollution and Calamity Monitoring 
• Monitoring for weather or man-made based calamities. 
• Alert generation in case of above-threshold pollutants in the air or water. 
• Resource reallocation and rerouting of services in the event of calamities. 

 
       Smart Energy 

• Smart metering systems. 
• Smart energy allocation and distribution system. 
• Incorporation of traditional and renewable sources of energy in the same grid. 

 
       Smart Agriculture 

• Automatic detection of plant water stress. 
• Monitoring of crop health status. 
• Auto detection of crop infection. 
• Auto application of fertilizers and pesticides. 
• Scheduling harvesting and arranging proper transfer of harvests to warehouses 

or markets. 
 

 
 
10.3 IOT CHALLENGES IN SMART CITIES 
Security and Privacy 

■ Exposure to attacks (e.g. cross-site scripting, side channel, etc.). 
■ Exposure to vulnerabilities. 
■ Multi-tenancy induces the risk of data leakage. 

Heterogeneity 
■ Integration of varying hardware platforms and specifications. 
■ Integration of different radio specifications. 
■ Integration of various software platforms. 
■ Accommodating varying user requirements. 

Reliability 
■ Unreliable communication due to vehicle mobility. 
■ Device failures still significant 
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Large scale 

■ Delay due to large scale deployments. 

■ Delay due to mobility of deployed nodes. 

■ Distribution of devices can affect monitoring tasks. 
Legal and Social aspects 

■ Services based on user provided information may be subject to local or 
international laws. 

■ Individual and informed consent required for using humans as data sources. 
Big data 

■ Transfer, storage and maintenance of huge volumes of data is expensive. 

■ Data cleaning and purification is time consuming. 
■ Analytics on gigantic data volumes is processing intensive. 

Sensor Networks 
■ Choice of appropriate sensors for individual sensing tasks is crucial. 

■ Energy planning is crucial. 

■ Device placement and network architecture is important for reliable end-to-
end loT implementation. 

■ Communication medium and means play an important role in seamless 
function of loT in smart cities. 

 

10.4 DATA FUSION 
■ Enormous volume of data is produced periodically in a smart city environment. 
■ Challenges include making the available/ incoming large data volume precise 

and accurate. 
■ Quality of data precision and accuracy affects the quality of decision making in 

loT-enabled smart cities. 
■ Data fusion enables optimum utilization of massive data gathered from multiple 

sources, and across multiple platforms. 

10.4.1 Multi-sensor Data Fusion 
■ Combines information from multiple sensor sources. 
■ Enhances the ability of decision-making systems to include a multitude of 

variables prior to arriving at a decision. 
■ Inferences drawn from multiple sensor type data is qualitatively superior to 

single sensor type data. 
■ Information fusion generated from multiple heterogeneous sensors provides 

for better understanding of the operational surroundings. 
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10.4.2 Challenges 
 

Imperfection Inaccurate or uncertain WSN sensor data 
 

Ambiguity Outliers, missing data 
 

Conflicts Same sensor type reports different data for the same location. 
 

Alignment  Arises when sensor data frames are converted to a singular 
frame prior to transmission 

 
TriviaI Features    Processing of trivial data features may bring down the 

accuracy of the whole system. 

10.4.3 Data Fusion Opportunities in loT 
■ Collective data is rich in information and generates better intelligence 

compared to data from single sources. 
■ Optimal amalgamation of data. 

■ Enhancing the collective information content obtained from multiple low-
power, low-precision sensors. 

■ Enables hiding of critical data sources and semantics (useful in military 
applications, medical cases, etc.).  

10.4.4 Stages of Data Fusion 

 
10.4.5 Mathematical Methods of Data Fusion 
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10.5 SMART PARKING 
■ Shortens parking search time of drivers. Reduces traffic 

congestion. 
■ Reduces pollution by keeping unnecessarily lingering vehicles off 

the roads. 
■ Reduces fuel consumption and costs. Increases urban mobility. 
■ Shorter parking search time results in more parked time, and 

hence, more revenue. 

10.5.1 Functional Layers in Smart parking 
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10.5.2 Smart Parking: Information Collection 
 

 
10.5.3 Smart Parking: System Deployment 
 

 
10.5.4 Smart Parking: Service Dissemination 
 

 
10.5.5 Information Sensing in Smart Parking 
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