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— About this Guide

Telecom Sector Skill Council (TSSC) is a Non-Profit Organization, registered under the
Societies Registration Act, 1860. We are an industry-led apex body, jointly set up by the
Cellular Operators Association of India (COAI), Indian Cellular and Electronics Association
(ICEA) and National Skill Development Corporation (NSDC), to ensure adequate availability
of skilled manpower to boost growth and productivity in the Telecom sector.

Over the years, TSSC has emerged as the bridge between Ministries, Indian telecom
industry and youth of our nation for skill development. TSSC works with several Ministries,
Skilling bodies, technical institutes with the objective of promoting skills amongst young
Indian talent and bridging the manpower demand - supply gap in the industry. TSSC's core
membership includes Indian Cellular and Electronics Association (ICEA) and private
Telecom service providers, namely Bharti Airtel Limited and Vodafone Idea Limited.

Beyond being a sector skill council, TSSC has emerged to be a thought leader in the ICT
domain. We have since extensively worked and promoted domains like telecom service
providers, telecom passive infrastructure, telecom network services & telecom
manufacturing and still expanding to include other allied and critical stakeholders of the
sector. We are working with a special focus on futuristic skills for Industry 4.0 & web 3.0
such as 5G Network, Internet of Things, Drones, Al/ML and more in alignment with the
vision of a Digital India.
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— Key Learning Outcomes | ¢

By the end of this module, participants will be able to:

o Discuss the job role of RF Engineer — Drone Based Survey.
e Explain the scope of work for RF Engineer — Drone Based Survey.
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Unit 1.1: Industry Overview and Professional
Responsibilities of RF Engineer — Drone-
Based Survey

—Unit Objectives| @

By the end of this unit, participants will be able to:

e Describe the size and scope of the Telecom industry and its sub-sectors.

e Discusstheroleandresponsibilities of a RF Engineer—Drone Based Survey.

e Identifyvarious employment opportunities fora RF Engineer—Drone Based Survey.

e Discuss the organizational policies on workplace ethics, managing sites, quality standards,
personnel managementand publicrelations (PR).

e Describe the process workflow in the organization and the role of RF Engineer — Drone Based
Survey.

e List the various daily, weekly, monthly operations/activities that take place at the site under
RF Engineer—Drone Based Survey.

— Resources to be Used

e Available objects such as training kit-trainer guide, presentations, whiteboard, marker,
projector, laptop, video films, etc.

e PowerPoint Slides, pictures and posters and videos depicting various information about
Nursery Management and Professional Gardening.

1.1.1 Size and Scope of the Telecom industry and its sub-sectors

— ASK

What is the projected growth of the global telecom market over the next decade?
What services are included under telecom services globally?

Why is India considered a major telecom market globally?

What is the overall scope of the telecom industry?

What is Network Managed Services (NMS) and why is it important?

What are the key characteristics of Network Managed Services?

oA WwWN R

o



Facilitator Guide

— EXPLAIN |57

The global telecommunications market is projected to grow from approximately USD 2.46 trillion in
2025to about USD 4.21 trillion by 2034, expanding ata CAGR of around 6.14%. This growth is driven by
5G deployment, rising internet penetration, digital transformation, cloud computing, and increasing
mobile data consumption.

The global telecom services market, which includes voice, broadband, mobile data, and enterprise
connectivity services, was valued at about USD 2.09 trillion in 2025 and is expected to reach nearly
USD 2.87 trillion by 2030 at a CAGR of 6.6%.

India's telecom industry is the second-largest in the world with over 1.2 billion subscribers and tele-
density above 86% as of 2025. The sector generated approximately USD 43.42 billion in gross revenue
in FY25, reflecting steady growth supported by 4G expansion, 5G rollout, and rural digital connectivity
initiatives.

The scope of the telecom industry is broad and includes mobile and fixed telephony, broadband
internet, wireless networks, satellite communication, enterprise digital services, and emerging
technologies such as IoT and smart infrastructure. Telecom acts as the backbone for sectors like
banking, healthcare, agriculture, e-commerce, and education.

Network Managed Services (NMS) is a specialized telecom and IT sub-sector where third-party
providers manage and monitor network infrastructure for telecom operators or enterprises. Services
include network monitoring, fault management, SD-WAN support, cybersecurity, and performance
reporting under Service Level Agreements (SLAs).

Key characteristics of NMS include outsourcing of daily network operations, proactive monitoring to
reduce downtime, cost efficiency through expert service providers, and coverage across technologies
such as LAN, WAN, VPN, and SD-WAN.

— ACTIVITY | &

Calculate the growth difference between the global telecom market in 2025 and 2034.
List five daily activities that depend on telecom services.

Identify three sectors that heavily rely on telecom connectivity and explain why.

P w N PE

Conduct a short group discussion: Why do organizations prefer outsourcing network

operations under Network Managed Services?
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1.1.2 Role and Responsibilities of a RF Engineer — Drone Based Survey

— ASK

What is the primary role of an RF Engineer — Drone Based Survey?

Why is drone technology used in RF surveys instead of only traditional drive tests?
What RF parameters are commonly analysed during surveys?

How does an RF Engineer support 4G/5G network optimisation?

Why are safety and regulatory compliance important in drone-based RF operations?

e

— EXPLAIN |7

An RF Engineer — Drone Based Survey is responsible for planning, executing, and analysing drone-
assisted RF surveys to improve telecom network performance. The role integrates telecom
engineering knowledge with UAV (drone) technology and geospatial data analysis.

The engineer begins with survey planning, defining objectives such as coverage testing, optimisation,
or interference detection. Flight paths are designed considering terrain, altitude, and line-of-sight
factors while ensuring necessary airspace permissions are obtained.

During drone-based RF data collection, drones are equipped with RF payloads and calibrated tools to
capture signal data. The engineer monitors telemetry and collects parameters like RSSI, SINR, SNR,
RSRP, and throughputacross 4G, LTE, and 5G frequency bands.

In the analysis stage, the engineer evaluates signal strength, identifies dead zones, detects
interference (co-channel, adjacent-channel, multipath), and compares real-time data with network
planning models. GIS tools and heatmaps are used to visualize coverage patterns.

The engineer also provides network optimisation support by recommending antenna ftilt
adjustments, power modifications, small cell deployment, and alignment corrections. Post-
optimisation surveys validate improvements.

Proper documentation and reporting are essential, including RF heatmaps, compliance logs, and
technical reports for stakeholders. Safety compliance with telecom and aviation regulations, pre-flight
inspections, and emergency preparedness are mandatory responsibilities.

Professionally, the role demands strong analytical skills, technical proficiency in RF and drone systems,
effective coordination, and high attention to safety and accuracy.
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— ACTIVITY | 2

1. Case Scenario Discussion:
A telecom operator is facing poor 5G coverage in a semi-urban area. Participants discuss
how an RF Engineer — Drone Based Survey would plan and execute the survey to identify
the issue.

2. Parameter Identification Exercise:
List four RF parameters measured during surveys and explain their impact on network
performance.

3. Role Mapping Activity:
Divide participants into small groups and assign roles (RF Engineer, Drone Pilot, Network
Planner). Each group explains how coordination between these roles ensures successful
survey execution.

4. Problem-Solving Task:
If drone survey data shows strong signal strength but poor data speed, what could be the
possible reasons? Discuss potential optimisation solutions.

1.1.3 Employment opportunities for a RF Engineer — Drone Based

Survey

— ASK

In which sectors can an RF Engineer — Drone Based Survey work?
How does 5G expansion increase job demand in this field?

What are the career growth opportunities after gaining experience?
What entrepreneurial opportunities are available?

PwnNE

— EXPLAIN |57

An RF Engineer — Drone Based Survey can work in Telecom Service Providers, Infrastructure
Companies, Network Managed Services firms, UAV/Drone companies, Government projects,
Consulting firms, and R&D sectors.

With expanding 4G/5G networks and smart city projects, demand for drone-based RF surveys is
increasing.

Career growth includes roles such as Senior RF Engineer, Network Optimisation Specialist, 5G Planning
Engineer, and UAV Operations Manager.

Entrepreneurial opportunities include starting a drone-based RF survey service, telecom consultancy,
orantenna optimisation business.

ACTIVITY |

List five sectors where RF Engineers can find jobs and mention one role in each.
Prepare a simple 5-year career growth plan in this field.

Discuss how 5G rollout creates new employment opportunities.

Design a basic idea for a drone-based telecom survey startup.

PoNE
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1.1.4 Organizational policies on workplace ethics, managing sites,
guality standards, personnel management and public relations (PR)

— ASK

Why are workplace ethics important in telecom and drone operations?
What safety measures should be followed at survey sites?

How do quality standards impact RF survey accuracy?

Why is personnel management important in field operations?

What role does public relations (PR) play during drone surveys?

vk wnNneE

— EXPLAIN |57

e Organizational policies ensure professional conduct, operational safety, and service quality.

e Workplace ethics promote honesty, transparency, confidentiality, and compliance with
regulations.

e Site management ensures safety protocols, coordination with authorities, proper
documentation, and equipment protection.

e Quality standards maintain accuracy in RF data collection, reporting, and regulatory
adherence through regular calibration.

e Personnel management supports teamwork, role clarity, and timely task completion.

e Public relations (PR) ensure professional communication with clients, stakeholders, and the
public, protecting the organization's reputation.

— ACTIVITY | &

Identify three ethical practices that must be followed during RF surveys.

Create a checklist for site safety before drone deployment.

Discuss how improper communication at a survey site could affect the organization's image.
Prepare a short role-play where one participant acts as a client and another as the RF
Engineer explaining survey procedures.

PwNPE
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1.1.5 Process Workflow in the organisation and the role of RF Engineer
— Drone Based Survey

— ASK

ke wnN R

What are the main stages involved in a drone-based RF survey project?
Why is survey planning important before field execution?

What RF parameters are collected during the survey?

How does data analysis help in network optimisation?

What is the role of the RF Engineer in the complete workflow?

— EXPLAIN |57

The workflow of a drone-based RF survey begins with Project Initiation, where client
requirements such as new site planning, coverage mapping, or interference analysis are
defined. Technical feasibility, scope of work (SOW), and timelines are finalized.

In Survey Planning & Coordination, survey locations are identified, flight paths are designed
using GIS tools, permissions are obtained, and coordination with authorities is completed.
During Pre-Survey Preparation, equipment checks, calibration, battery inspection, safety
briefing, and risk assessment are conducted.

The Field Execution stage involves drone deployment to collect RF parameters such as RSSI,
RSRP, RSRQ, SINR, interference levels, and coverage gaps. Data is geo-tagged and monitored
inrealtime.

In Data Processing & Analysis, collected data is validated and processed using RF tools to
create coverage maps and identify dead zones, overlapping coverage, interference issues,
and capacity bottlenecks.

The Reporting Stage includes preparing technical reports with survey findings and
optimisation recommendations, followed by client review and discussion.

The RF Engineer plays a key role in planning surveys, operating RF systems, analysing data,
ensuring regulatory compliance, and recommending network optimisation solutions.

The overall responsibility is to ensure accurate, safe, and efficient RF data collection to
improve telecom network performance.

— ACTIVITY | &
1. Workflow Sequencing Exercise:
Arrange the seven workflow stages in correct order and explain the purpose of each stage.
2. Case Study Discussion:
A telecom operator reports poor signal quality in a specific area. Explain how the RF
Engineer will handle the issue using the workflow process.
3. Parameter Identification Task:
List five RF parameters collected during surveys and mention what each measure.
4. Reporting Practice:

Prepare a simple outline of a technical report for a drone-based RF survey.
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1.1.6 Daily, weekly, monthly operations/activities that take place at
the site under RF Engineer — Drone Based Survey

— ASK

vk wnN e

What pre-operational checks must be completed before drone deployment?
Which RF parameters are collected during daily site operations?

What technical tasks are performed weekly apart from field surveys?

Why is equipment calibration and maintenance important?

What are the key objectives of monthly performance review and reporting?

— EXPLAIN |57

An RF Engineer—Drone Based Survey performs activities on a daily, weekly, and monthly basis
to ensure smooth telecom network optimisation.

Daily Activities include reviewing the survey schedule, checking weather and permissions,
conducting drone and RF tool inspections, performing field data collection (RSSI, RSRP, RSRQ,
SINR, interference), geo-tagging measurements, backing up data, and preparing daily field
reports.

Weekly Activities involve preparing survey plans, coordinating with clients, analysing
collected RF data, generating coverage heat maps, identifying network issues, maintaining
drone systems, calibrating equipment, and ensuring regulatory compliance.

Monthly Activities focus on preparing consolidated performance reports, reviewing KPIs,
recommending optimisation strategies (antenna tilt, power adjustments, new sites),
conducting preventive maintenance, managing inventory, and participating in technical
training.

The overall purpose is to ensure safe drone operations, accurate RF data collection, timely
reporting, and continuous network performance improvement.

— ACTIVITY |2
1. Checklist Preparation:
Prepare a detailed daily pre-flight inspection checklist for drone-based RF surveys.
2. Data Interpretation Task:
Given sample RF values (RSSI, SINR, RSRP), identify whether coverage is strong or weak and
suggest corrective action.
3. Weekly Planning Exercise:

Create a simple weekly resource allocation plan for three survey locations.

Monthly Review Simulation:

Draft a short outline of a monthly performance report including KPIs and optimisation
recommendations.
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—SUMMARIZE |5

An RF Engineer — Drone Based Survey is responsible for planning, executing, and analysing drone-
assisted RF surveys to support telecom network optimisation, coverage enhancement, and
interference detection.

The role follows a structured workflow starting from project requirement gathering, survey
planning, pre-flight preparation, drone-based RF data collection, data analysis, and final reporting
with optimisation recommendations.

On a daily basis, the engineer performs pre-flight inspections, collects RF parameters (RSSI, RSRP,
RSRQ, SINR), monitors drone operations, and prepares field reports.

On a weekly basis, the focus is on data analysis, coordination, equipment maintenance, and
compliance checks.

On a monthly basis, activities include performance review, KPI evaluation, strategic optimisation
planning, reporting, and preventive maintenance.

The professional must follow organizational policies related to workplace ethics, safety, quality
standards, personnel coordination, and public relations.

Overall, the RF Engineer ensures accurate RF data collection, safe drone operations, regulatory
compliance, and continuous telecom network performance improvement.

N

—Exercise

Short Answer Questions
Q1. Answer:
The RF Engineer — Drone Based Survey is responsible for planning, conducting, and analysing drone-
assisted RF surveys to evaluate telecom network performance. The role involves collecting RF data
using UAV-mounted equipment, identifying coverage gaps and interference, and recommending
improvements for 4G/5G network optimisation while ensuring safety compliance and accurate
reporting.
Q2. Answer:
Two key RF parameters are:
e RSSI (Received Signal Strength Indicator): Measures the strength of the received signal and
indicates network coverage level.
¢ SINR (Signal-to-Interference-plus-Noise Ratio): Measures signal quality by comparing signal
strength with noise and interference.
(Other parameters used in LTE/5G include RSRP and RSRQ.)
Q3. Answer:
e Telecom Service Providers (TSPs): RF Engineers support 4G/5G network planning,
optimisation, coverage improvement, and interference management.
e UAV/Drone Technology Companies: Engineers conduct drone-based RF surveys, integrate RF
payload systems, and analyse telecom data for infrastructure projects.
These sectors provide opportunities in network optimisation, infrastructure expansion, and advanced
wireless technology implementation.

Multiple Choice Questions

Q1. Answer: B) Network coverage and interference analysis
Q2. Answer: B) RSSI

Q3. Answer: B) Survey Planning & Coordination

Q4. Answer: C) Proactive monitoring and reduced downtime




—Notes
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— Key Learning Outcomes | ¢

By the end of this module, participants will be able to:

Evaluate the purpose, parameters, and environmental considerations for planning and
conducting drone-based RF signal strength surveys.

Apply appropriate tools, drone configurations, and frequency measurement
techniques to collect accurate RF signal data in real-world scenarios.

Analyse extracted RF signal data to identify patterns, anomalies, coverage strengths,
and network performance gaps using industry-standard methodologies.

Create detailed survey reports, visual heatmaps, and technical recommendations for
network optimisation based on RF data analysis findings.
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Unit 2.1: Fundamentals of RF Signal Strength and
Propagation in Drone-Based Surveys

—Unit Objectives| @

By the end of this unit, participants will be able to:

e Explain the purpose and applications of RF signal strength surveys, such as interference
detection and signal optimisation.

e Describe the fundamentals of RF signal propagation, including reflection, absorption, and
attenuation.

e Interpret key RF signal strength metrics such as RSSI, SINR, and SNR.

e Recognise the transmission characteristics of various frequency bands including 4G, 5G, and
LTE.

e Describe how environmental elements like buildings, trees, and terrain affect signal quality.

e Explainthe concept of RF bandwidth and itsimpact on data throughput and camera feedback.

— Resources to be Used

e Available objects such as training kit-trainer guide, presentations, whiteboard, marker,
projector, laptop, video films, etc.

e PowerPoint Slides, pictures and posters and videos depicting various information about
Nursery Management and Professional Gardening.

2.1.1 Purpose and applications of RF signal strength surveys, such as

interference detection and signal optimisation

— ASK

Why are RF signal strength surveys conducted in telecom networks?
How do RF surveys help in detecting interference?

In what ways do RF surveys support signal optimisation?

Why is coverage mapping important for telecom operators?

How do RF surveys contribute to capacity enhancement?

AW e
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— EXPLAIN |57

Purpose:

RF signal strength surveys are conducted to measure and evaluate wireless network performance.
They help assess coverage, detect weak signal zones, identify interference sources, support
network expansion and optimisation, and ensure Quality of Service (QoS).

Applications:
e Interference Detection: Identifies co-channel and adjacent-channel interference and
external noise sources affecting performance.
e Signal Optimisation: Helps adjust antenna tilt, height, azimuth, and transmission power to
reduce call drops and improve data speed.
e Network Planning & Deployment: Assists in new tower/site selection, supports 4G/5G
rollout, and validates planning models.
e Coverage Mapping: Generates heat maps to detect shadow areas and evaluate signal
strength indoors and outdoors.
e Capacity Enhancement: Detects overloaded cells and recommends bandwidth or spectrum
adjustments for better efficiency.
Overall, RF surveys ensure reliable connectivity, improved user experience, and efficient network
performance.
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2.1.2 Fundamentals of RF signal propagation, including reflection,
absorption, and attenuation

— ASK

What is RF signal propagation?

What happens when an RF signal hits a building or metal surface?
How do materials like trees and walls affect RF signals?

Why does signal strength reduce as distance increases?

How do environmental conditions influence RF signal quality?

ue W R

— EXPLAIN |7

e RF signal propagation refers to how radio waves travel from a transmitter (cell tower) to a
receiver (mobile device or drone equipment). During transmission, signals interact with the
surrounding environment, affecting strength and quality.

e Reflection:

Occurs when signals hit solid surfaces (buildings, metal, water) and bounce back. This can
cause multipath propagation, leading to distortion or signal delay.

e Absorption:

Happens when materials like trees, walls, and human bodies absorb part of the signal
energy. Higher frequency bands (like some 5G frequencies) experience more absorption,
reducing signal strength.

e Attenuation:

Refers to the gradual loss of signal strength over distance or due to obstacles. Weather
conditions such as rain and humidity can also increase signal loss.

e Understanding these effects helps RF Engineers improve network coverage and reduce
interference.

— ACTIVITY | &

1. Observation Task:
Identify three objects in your surrounding environment that may reflect RF signals.

2. Discussion Activity:
Explain how absorption differs from attenuation in simple terms.

3. Case Analysis:
A mobile network shows weak signal inside a large building. Identify whether reflection,
absorption, or attenuation is the main cause and justify your answer.

4. Diagram Activity:
Draw a simple diagram showing a transmitter, obstacle, and receiver demonstrating
reflection and attenuation.
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2.1.3 Key RF signal strength metrics such as RSSI, SINR, and SNR

— ASK

vk wN e

What does RSSI measure in a wireless network?

Why is SINR important for LTE and 5G performance?
How is SNR different from SINR?

What happens when RSSI is strong but SINR is low?
Which metric indicates signal quality more accurately?

— EXPLAIN |57

Understanding RF metrics helps evaluate signal strength and quality.

RSSI (Received Signal Strength Indicator):

Measures total received signal power (including interference). It is expressed in dBm
(negative values). Closer to 0 dBm means stronger signal (e.g., -50 dBm strong, -100 dBm
weak). RSSI shows strength but not quality.

SINR (Signal to Interference plus Noise Ratio):

Measures useful signal compared to interference and noise. Expressed in dB. Higher SINR
means better signal quality (20 dB+ excellent, 0—10 dB poor). It directly impacts data speed
and stability in LTE and 5G.

SNR (Signal to Noise Ratio):

Measures signal strength compared to background noise only (not interference). Higher
SNR means clearer communication. Low SNR can cause slow speed and call drops.
Summary:

RSSI = Signal strength

SINR = Overall signal quality (most important for performance)

SNR = Signal clarity against noise
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— ACTIVITY | 2

1. Value Analysis:
A device shows: RSSI = -60 dBm, SINR =5 dB. Is the signal good? Explain why.
2. Comparison Task:
Write two differences between SINR and SNR.
3. Practical Scenario:
If users experience slow internet despite strong RSSI, which metric should be checked and
why?
4. |Interpretation Exercise:
Classify the following SINR values as Excellent, Good, or Poor:
o 22dB
o 15dB
o 7dB
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2.1.4 Transmission characteristics of various frequency bands
including 4G, 5G, and LTE.

— ASK

What is meant by transmission characteristics of frequency bands?
Why do lower frequency bands provide wider coverage?

Which 5G band provides the highest data speed and why?

How do mid-band frequencies balance coverage and capacity?
Why is mmWave more suitable for dense urban areas?

vk wn e

— EXPLAIN |57

Transmission characteristics describe how frequency bands behave in terms of coverage range,
speed, penetration, and capacity.
4G / LTE Bands (700 MHz — 2600 MHz)
e Low Bands (700-900 MHz): Long coverage range, strong indoor penetration, suitable for
rural areas.
e Mid Bands (1800-2600 MHz): Moderate coverage, higher speeds, commonly used in cities.
4G/LTE offers a balanced mix of coverage and data performance.

5G Bands
e Low Band (Sub-1 GHz): Wide coverage, good penetration, moderate speed improvement
over 4G.

e Mid Band (1-6 GHz, e.g., 3.5 GHz): Balanced coverage and high speed; main 5G
deployment band.
e High Band (mmWave >24 GHz): Very high speed, ultra-low latency, very short range, poor
penetration, easily blocked by obstacles.
Lower frequencies travel farther and penetrate buildings better but support lower capacity.
Higher frequencies deliver faster speeds and higher capacity but have limited coverage and weaker
penetration.
This knowledge helps RF Engineers select appropriate frequency bands for rural, urban, or high-
density network planning.

— ACTIVITY | &

1. Comparison Task:
List two differences between low-band and high-band frequencies.
2. Scenario Analysis:
A telecom operator wants wide rural coverage. Which frequency band should be selected
and why?
3. Urban Planning Case:
For a stadium requiring very high-speed internet, which 5G band is most suitable? Explain.
4. Table Completion:
Fill in the table with appropriate characteristics (Long/Medium/Short; Moderate/High/Very
High) for low, mid, and high frequencies.

— B/
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2.1.5 Environmental elements like buildings, trees, and terrain affect
signal quality

ASK

How do environmental elements like buildings, trees, terrain, water bodies, and weather affect RF
signal quality and network performance?

— EXPLAIN |7

e Buildings: Reflect, absorb, or diffract signals = can cause interference, dead zones, or reduced
coverage.

e Trees & Vegetation: Absorb and scatter signals > higher attenuation, seasonal effects impact
coverage.

e Terrain & Topography: Hills, valleys, and elevation changes = block or reflect signals, create
shadow zones, affect line-of-sight.

e Water Bodies: Reflect and absorb high-frequency signals - may cause destructive
interference or weaken signals.

e Urban Density: Dense buildings and overlapping signals = cause multipath interference,
variability in strength, may need small cells.

e Environmental Conditions: Rain, fog, humidity - attenuate signals; extreme temperatures -
minorimpact.

— ACTIVITY | 7

1. Identify a local area with tall buildings and map potential dead zones using a smartphone
signal app or RF survey tool.

2. Measure signal strength in areas with dense trees vs. open areas and compare attenuation
effects.

3. Simulate drone-based RF surveys to understand how terrain and elevation changes affect
line-of-sight coverage.

4. Create a mini-report showing reflection, absorption, and shadow zones in your chosen
area, suggesting mitigation measures (e.g., antenna adjustments, small cell deployment).

—SUMMARIZE | %

Environmental factors can absorb, reflect, scatter, or block RF signals, impacting coverage, signal
strength, and quality. Proper planning (antenna placement, small cells, band selection) helps optimize
network performance.
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2.1.6 Concept of RF bandwidth and its impact on data
throughput and camera feedback

ASK

e What is RF bandwidth, and why is it important in wireless communication?
e How does RF bandwidth affect data throughput?
e How does bandwidth impact real-time camera feedback during drone surveys?

— EXPLAIN |57

e RF Bandwidth: The range of frequencies over which a radio signal is transmitted (measured
in Hz). Wider bandwidth allows more data to be sent per unit time.

e Impact on Data Throughput: Higher bandwidth = higher data rates - faster
downloads/uploads. Lower bandwidth = slower communication. Example: 20 MHz LTE
(~150 Mbps) vs. 100 MHz 5G mmWave (several Gbps).

e Impact on Camera Feedback: Drones rely on real-time video feeds. High bandwidth >
smooth, low-latency streaming; low bandwidth - choppy video, delayed monitoring,
missed survey points.

e Summary: Wider RF bandwidth improves network speed, real-time data collection, and
survey accuracy; narrow bandwidth can hinder performance.

— ACTIVITY | &

1. Identify a local area with tall buildings and map potential dead zones using a smartphone
signal app or RF survey tool.

2. Measure signal strength in areas with dense trees vs. open areas and compare attenuation
effects.

3. Simulate drone-based RF surveys to understand how terrain and elevation changes affect
line-of-sight coverage.

4. Create a mini-report showing reflection, absorption, and shadow zones in your chosen
area, suggesting mitigation measures (e.g., antenna adjustments, small cell deployment).
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—EXxercise

1. Answer:
To assess network coverage, detect weak signal zones, identify interference, support network
planning, and ensure Quality of Service (QoS).

2. Answer:
Reflection (signal bounces off surfaces), Absorption (signal energy absorbed by materials), and
Attenuation (gradual loss of signal over distance or obstacles).

3. Answer:
Higher bandwidth allows faster data throughput, smooth real-time video streaming, and accurate
survey measurements. Low bandwidth can cause choppy video, delays, and missed data points.

Multiple Choice Questions

Q1: B. SINR

Q2: C. High Band / mmWave (above 24 GHz)
Q3: C. Trees and Vegetation

Q4: C. Reflection




—Notes
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Unit 2.2: RF Systems, Antenna Technologies, and
Interference Management in Drone
Operations

—Unit Objectives| @

By the end of this unit, participants will be able to:
e Identify common sources of RF interference such as Wi-Fi networks and industrial devices.
e Discuss the importance of planning drone flight paths with line-of-sight and altitude

considerations.

e Explain the differences between omni, directional, and patch antennas and their respective
uses.

e Describe the functioning of antennatracking systems and their role in signal capture.

e OQutlinethe principles and configurations of mesh and point-to-point radio systems.

e Summarise the steps involved in interference scanning and frequency hopping using smart
radios.

— Resources to be Used

e Available objects such as training kit-trainer guide, presentations, whiteboard, marker,
projector, laptop, video films, etc.

e PowerPoint Slides, pictures and posters and videos depicting various information about
Nursery Management and Professional Gardening.

2.2.1 Sources of RF interference such as Wi-Fi networks and industrial

devices

— ASK

How can external signals like Wi-Fi networks or industrial devices affect drone communication and
flight reliability?

I —" R,
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— EXPLAIN |57

Wi-Fi networks (2.4 GHz & 5 GHz) and industrial devices (motors, welding machines, RFID systems,
power supplies) emit electromagnetic signals that can overlap with drone frequencies, causing loss
of telemetry, lag in control commands, reduced video quality, GPS errors, and erratic drone
behaviour. Proper planning, using less congested frequencies, maintaining safe distances, and
applying shielding or frequency hopping can mitigate these effects.

— ACTIVITY | &

Conduct a pre-flight RF survey using a scanner to identify Wi-Fi hotspots and industrial sources,
then plan flight paths and altitudes to avoid high-interference areas while monitoring telemetry
and video signals for stability.

2.2.2 Importance of planning drone flight paths with line-of-sight

and altitude considerations

— ASK

Why is it important to plan drone flight paths with clear Line-of-Sight (LOS) and proper altitude?
How can poor planning affect drone operation?

— EXPLAIN |57

LOS ensures uninterrupted communication between the drone and controller, while proper
altitude prevents collisions with obstacles and improves signal quality. Together, LOS and altitude
planning provide safe, efficient, and regulation-compliant flight operations, reducing risks of
crashes, telemetry loss, video dropouts, and airspace violations.

I —" R,
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— ACTIVITY | &

1. Inspect your flight area and identify obstacles like trees, buildings, and power lines.

Plan a flight path that maintains clear LOS and a safe altitude buffer above obstacles.

3. Test drone telemetry and video transmission along the planned path to confirm stable
communication and safe coverage.

N

2.2.3 Functioning of antenna tracking systems and their role in signal

capture

— ASK

Why is it important to use an antenna tracking system for long-range drone operations, and how
does it improve signal reliability?

— EXPLAIN |57

An antenna tracking system automatically orients a directional antenna toward a moving drone,
maintaining maximum signal strength. It uses GPS telemetry or signal feedback to control a
motorized gimbal, continuously adjusting the antenna's pan and tilt. This ensures stable telemetry,
reliable control, high-quality video transmission, and minimizes interference, which is especially
critical for long-range (BVLOS) flights or complex missions.

— ACTIVITY | &

1. Set up a directional antenna with a tracking gimbal at a ground station.

Conduct a test flight of a drone moving along a pre-defined path.

3. Observe signal strength, video quality, and telemetry stability with the antenna tracking
system active.

4. Compare results to a flight without tracking to see the difference in signal reliability and
coverage.

N
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2.2.4 Principles and configurations of mesh and point-to-point radio
systems

— ASK

How do different radio systems like Point-to-Point (PtP) and Mesh work, and why are they
important for drone communication?

— EXPLAIN |57

Point-to-Point (PtP) systems create a direct, dedicated link between two fixed points using
directional antennas. They provide high signal strength, low latency, and stable communication,
ideal for long-range flights and fixed monitoring, but require line-of-sight (LOS) and precise
alignment.

Mesh systems use multiple interconnected nodes with multi-hop communication, allowing drones
to maintain connectivity even in obstructed or urban environments. Mesh networks are scalable,
self-healing, and flexible, suitable for drone swarms or complex terrain, though they have slightly
higher latency and require network management.

— ACTIVITY | &

1. Set up aradio link: use a directional PtP link for a single drone and a mesh network for multiple
drones.

2. Fly drones along a path, observing signal strength, telemetry, and video stability.

3. Note how PtP requires clear LOS, while mesh maintains connectivity even with obstacles or

multiple drones.
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2.2.5 Steps involved in interference scanning and frequency
hopping using smart radios

— ASK

How do smart radios detect interference and maintain stable drone communication in noisy RF
environments?

— EXPLAIN |57

Smart radios continuously scan the RF spectrum to detect congestion and interference. During
interference scanning, the system monitors available frequency bands, identifies occupied
channels, and evaluates signal quality using metrics such as RSSI, SINR, and BER. Based on this
analysis, it selects the cleanest available channel for communication.

When interference is detected, the system performs frequency hopping. It follows a predefined or
adaptive hopping sequence and ensures synchronization between the drone and ground station so
both switch frequencies simultaneously. The radio then continuously monitors performance and
repeats the scan—detect—hop process through a real-time feedback loop.

This process helps:
e Minimize signal dropouts
e Avoid congested channels (Wi-Fi, industrial RF noise)
e Improve reliability and safety
e Enhance communication security
e Maintain stable telemetry, control, and video transmission

— ACTIVITY | &

1. Use a spectrum analyser or smart radio interface to scan the RF environment before a test
flight.

Identify congested and clean channels.

Enable frequency hopping mode on the radio system.

Conduct a flight in a Wi-Fi-dense or industrial area.

Observe how the radio switches channels to maintain stable telemetry and video
transmission.

R wN

—SUMMARIZE |5

Interference scanning allows smart radios to detect noise and congestion in real time, while
frequency hopping enables the system to shift to cleaner channels automatically. Together, these
mechanisms ensure reliable, secure, and uninterrupted drone communication, especially in
crowded or high-interference environments.
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—EXxercise

Short Questions

1. Answer: RF interference can come from Wi-Fi networks and industrial devices, which emit
signals or electromagnetic noise that disrupt drone communication and cause signal
instability.

2. Answer: Line of Sight (LOS) and proper altitude ensure clear communication between the
drone and ground station, improving signal reliability and flight safety.

3. Answer: Point-to-Point (PtP) creates a direct high-speed link between two points, while a
Mesh system connects multiple nodes for flexible and self-healing communication.

Multiple Choice Questions (MCQs)

1. Answer: C. 2.4 GHz and 5 Ghz

2. Answer: B. High gain and long-range communication

3. Answer: B. Mesh Network

4. Answer: C. Avoid interference and maintain stable communication
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Unit 2.3: RF Survey Data Management and Network
Analysis for Drone Systems

—Unit Objectives| @

By the end of this unit, participants will be able to:
e Explain the use of GIS and mapping tools in RF survey planning and data visualisation.
e Interpret frequency spectrum data and correlate it with known network behaviours.
e Describe best practices for maintaining RF survey records and analysis archives.
e Explain the role of historical performance data in validating current survey outcomes.
e Discuss common causes of glitches or latency in video feedback during drone operation.
e Assess mesh and point-to-point radio systems for handling multiple data feeds efficiently.

— Resources to be Used

e Available objects such as training kit-trainer guide, presentations, whiteboard, marker,
projector, laptop, video films, etc.

e PowerPoint Slides, pictures and posters and videos depicting various information about
Nursery Management and Professional Gardening.

2.3.1 Use of GIS and mapping tools in RF survey planning and data

visualisation

— ASK

Why is geographiclocationimportantin RF surveys?

How does GIS combine spatial data with RF measurements?

How do terrain features like hills and buildings affect RF signals?

Whatis Line-of-Sight (LoS), and why is it critical in drone communication?
How can GIS help identify interference zones before deployment?

Why is grid-based flight planning preferred in RF surveys?

How do heat maps helpinanalysing signal coverage?

Whatis the role of 3D mappingin LoS analysis?

L e N Uk WD

How does predictive modelling reduce field testing efforts?
10. How does GIS improve reporting and decision-making?

— B
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— EXPLAIN |57

GIS (Geographic Information System) integrates location data with RF measurements to analyse how
terrain, buildings, and environmental conditions impact wireless signals.
Common GIS platforms used in RF planninginclude ArcGIS, QGIS, and Google Earth.
GIShelpsin:
e Terrain Analysis: Using Digital Elevation Models (DEM) to identify obstructions and assess
Line-of-Sight (LoS).
e Interference Mapping: Marking Wi-Fi zones, industrial areas, and overlapping frequency
regions.
e  Flight Path Planning: Designing systematic grid-based drone routes.
e Datalntegration: Linking RSSI, SINR, latency, and GPS data to map locations.
e Visualisation: Creating heat maps, layered maps, and 3D models.
e Predictive Modelling: Estimating coverage before field deployment.
e Reporting: Generating coverage maps and performance visuals for decision-making.
GlIStransforms raw RF readings into meaningful visual insights for optimisation and troubleshooting.
e Fixed-line networks
e Broadband services
e Wireless communication

e Enterprise digital services

— ACTIVITY | &

Activity 1: Coverage Mapping
e OpenGoogle Earth or QGIS.
e Selectasmallarea.
e Markonetelecomtowerand surrounding buildings.
e Assumesignal readings and colour-code strong/weak zones.
e Observe how obstacles influence coverage.
Activity 2: Line-of-Sight Check
e Selecttwo pointsin a hilly region.
e Observe elevation differences.
o DetermineifLoS exists.
e Suggestadjustments (increase height/altitude).
Activity 3: Flight Path Planning
e Definea1l-2kmsurveyarea.
e Divideintogrids.
e Plansystematicdrone flight routes.
e Identify possibleinterference zones on the map.
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2.3.2 Frequency spectrum data and correlate it with known network
behaviours

— ASK

What information does frequency spectrum data provide?

How can signal strength affect network performance?

What happens when the noise floor increases?

Why is Signal-to-Noise Ratio (SNR) important in wireless communication?

How does channel congestion impact latency?

Why might a drone experience video glitches even when signal strength appears strong?
How can spectrum analysis help differentiate between interference and weak coverage?

© N e wWwN R

What network behaviours indicate frequency overlap or congestion?

— EXPLAIN |57

Frequency spectrum data represents how radio signals are distributed across various frequency bands
in a given environment. During an RF survey, analysing this data helps engineers understand whether
communicationissues are caused by weak coverage, interference, or network congestion.

One of the primary elements observed in spectrum data is signal strength. If signal levels are very low,
it usually indicates distance from the transmitter, physical obstruction, or poor antenna alignment.
This typically results in behaviours such as dropped connections, reduced data rates, and delayed
drone control response.

Another key factoris the noise floor, which represents background radio interference. When the noise
floor rises due to nearby Wi-Fi networks, industrial equipment, or overlapping frequencies,
communication becomes unstable. Even with strong signal strength, high noise levels can reduce
clarityandincrease retransmissions.

Signal-to-Noise Ratio (SNR) is the difference between signal strength and noise level. A high SNR
ensures reliable transmission, while a low SNR often leads to pixelated video, lag in command signals,
and packet loss in drone communication.

Channel congestion is common in widely used frequency bands. When too many devices operate on
the same or overlapping channels, bandwidth is shared inefficiently. This leads to higher latency,
bufferingin video feeds, and slower data transmission speeds.

By comparing observed spectrum characteristics such as low power, high noise, or congestion with
actual network behaviour like video glitches or delay, engineers can accurately diagnose performance
problems. This correlation allows for corrective actions such as changing frequency bands, adjusting
antenna orientation, orimproving line-of-sight conditions.

Understanding frequency spectrum data ensures stable communication links, particularly in real-time
drone operations where low latency and consistent connectivity are critical.
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— ACTIVITY | &

Activity 1: Spectrum Observation and Behaviour Matching
Provide learners with sample spectrum data showing:
e Low signal strength
e High noise floor
e Channel congestion
Ask participants to identify the likely network behaviour in each case (e.g., latency, packet loss,
video glitch).

Activity 2: Case Scenario Analysis
Scenario: A drone operating in an urban area experiences delayed video feedback and occasional
freezing. Spectrum scan shows high channel occupancy in the 2.4 GHz band.
Participants must:
e Identify the probable cause
e Explain the correlation
e Suggest corrective measures

Activity 3: Comparative Analysis
Present two spectrum snapshots:
1. Strong signal and low noise
2. Strong signal and high noise
Participants analyse how network behaviour will differ in both cases and justify their reasoning.
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2.3.3 Best practices for maintaining RF survey records and analysis
archives

— ASK

e Why is maintaining accurate RF survey records important for network performance and

troubleshooting?
e Whatinformation should be included in a standard RF survey record?
e Howcanstructured storage and version control improve RF data management?
e Whyshould raw data and processed analysis be stored separately?
e HowdoesGISintegration help in maintaining long-term RF survey archives?

— EXPLAIN |7

Maintaining accurate RF survey records is essential for troubleshooting, validating network
performance, ensuring regulatory compliance, and supporting future network improvements. RF
environments change over time due to infrastructure development, increased users, and
environmental conditions. Proper documentation helps engineers compare past and current network
performance, identify trends, and evaluate the effectiveness of network upgrades.

Good record management also ensures that RF data remains organised, accessible, and traceable.
Using standardised formats, clear file naming conventions, secure storage systems, and proper
metadata documentation allows teams to easily retrieve and analyse survey data when needed.
Separating raw data from processed reports improves transparency and enables re-analysis if
required. Regular reviews and secure handling of records ensure long-term reliability and protect
sensitive network information.

— ACTIVITY | &

Ask participants to design a simple RF survey record template.

The template should include fields such as survey date, location coordinates, frequency band,
equipment used, measured RF parameters like RSSI or SINR, and notes about environmental
conditions. After creating the template, discuss how structured documentation can improve future RF
analysisand network optimisation.
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2.3.3 Role of historical performance data in validating current survey
outcomes

— ASK

Why is historical performance dataimportant when validating the results of a current RF survey?
How can past survey data help engineers understand whether network performance has improved,
declined, or remained stable?

— EXPLAIN |

Historical performance data plays an important role in validating the results of a current RF survey. RF
environments are dynamic and can change due to infrastructure development, new communication
devices, environmental changes, or increasing network traffic. By comparing the results of a current
survey with previously collected data, engineers can determine whether the network performance is
improving, declining, or remaining stable.

Historical data acts as a benchmark or reference point. When a new RF survey is conducted,
parameters such as signal strength, interference levels, coverage range, and network quality
indicators can be compared with earlier records. This comparison helps engineers understand
whether the observed results are normal for that location or if there are new issues affecting the
network.

For example, if previous surveys showed strong signal strength and low interference in a specific area
but the current survey shows weaker signals, it may indicate new obstacles, equipment malfunction,
or increased interference from nearby devices. Similarly, improvements in signal quality may confirm
that network upgrades, antenna adjustments, or infrastructure changes were successful.

Using historical performance data also supports evidence-based decision making. Instead of relying
only on current observations, engineers can analyse trends over time. This makes it easier to identify
recurring problems, seasonal variations, or gradual degradation in network performance. In telecom
networks where reliability is critical, this long-term perspective is essential for effective planning and
optimisation.

In addition, historical records help validate whether the survey methodology and equipment are
producing accurate results. If the current data significantly differs from past results without any clear
environmental or infrastructure changes, it may indicate errors in measurement, calibration issues, or
differencesin survey conditions.

Key roles of historical performance datainclude:

1. Providing a baseline reference for comparing current RF survey results.

2. ldentifying long term trends in signal strength, interference, and coverage.

3. Helping engineers detect new sources of interference or environmental changes.

4. Validating the effectiveness of network upgrades, antenna adjustments, or configuration
changes.

. Supporting troubleshooting by identifying when and where performance degradation started.

. Assisting in predictive planning for future network expansion or optimisation.

7. Ensuring consistency and reliability in RF survey analysis over time.

o U
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— ACTIVITY | &

Provide participants with two sets of RF survey data from the same location taken at different time
periods. Ask them to compare signal strength, interference levels, and coverage quality. Participants
should identify whether network performance hasimproved or declined and suggest possible reasons
forthe observed changes based on the historical comparison.

2.3.4 Causes of glitches or latency in video feedback during drone

operation

— ASK

e What do you understand by video latency in drone operations?

e Why is real-time video feedback important for drone pilots during inspection or
surveillance missions?

e What problems might occur if the drone video feed starts lagging or freezing during flight?

— EXPLAIN |57

Video feedback is an essential part of drone operations because it allows the operator to monitor the
drone's surroundings, navigate safely, and perform tasks such as inspections, mapping, or
surveillance. The video captured by the drone camera is transmitted to the ground controller in real
time. However, during some operations the video feed may experience delays, glitches, or freezing.
This delay between capturing the video and displaying it on the operator's screen is known as latency.
One of the most common causes of video glitches is a weak or unstable RF communication link
between the drone and the ground controller. If the signal becomes weak due to long distance,
obstacles like buildings or trees, orimproper antenna alignment, the video data cannot be transmitted
smoothly.
Interference from other wireless devices is another major factor. Many drones operate on frequency
bands that are also used by WiFi networks, Bluetooth devices, and other communication systems.
When multiple devices operate on the same frequency band, signal interference may disrupt the
video transmission.
Environmental conditions can also affect video quality. Physical obstacles such as buildings, towers,
hills, or dense vegetation can block or weaken the signal path between the drone and the controller.
Weather conditions such as heavy rain or fog may further reduce signal stability.
Another reason for latency is the processing requirement of video data. The captured video must be
compressed, transmitted, received, decoded, and displayed in real time. If the processing capability of
the drone or controlleris limited, delays can occur.
Common causes of glitches or latency include:

e Weak or unstable RF signal between the drone and ground controller

e Interference from WiFi networks or other wireless devices

e Long communication distance between the drone and operator

e Physical obstacles blocking the signal path

e Limited bandwidth for high resolution video transmission

e Processing delays during video encoding and decoding

e Hardware limitations of drone camera or controller
Environmental conditions affecting signal propagation
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— ACTIVITY | &

Show participants a sample drone video transmission scenario where the signal strength gradually
decreases. Ask them to observe how the video feed changes and identify when glitches or delays
begin to appear.

Ask participants to discuss possible reasons for the issue and suggest practical solutions such as
maintaining line-of-sight communication, reducing distance, changing frequency channels, or
improving antenna alignment.

2.3.5 Mesh and point-to-point radio systems for handling multiple

data feeds efficiently

— ASK

e Whatisthe difference between a point-to-point radio system and a mesh radio network?

e Why is it important for drone communication systems to handle multiple data feeds
efficiently?

¢ Inwhatsituations might a mesh network be more useful than a direct point-to-point link?

— EXPLAIN |7

Mesh and point-to-point radio systems are communication technologies used to transmit data
wirelessly between devices or network nodes. In drone-based telecom operations, these systems help
transfer different types of data such as live video streams, telemetry information, sensor readings, and
control signals between drones and ground stations. Choosing the appropriate communication

systemisimportant to ensure smooth and efficient data transmission.

A point-to-point radio system creates a direct wireless link between two devices, suchasadroneand a
ground control station. Data travels through a dedicated path from the transmitter to the receiver,
which allows high-speed and low-latency communication. Because the connection is direct, it is
reliable for transmitting high-bandwidth data such as high-definition video. However, point-to-point
systems are limited when many devices need to communicate at the same time, since each additional

device may require a separate link.

A mesh radio system, on the other hand, forms a network of interconnected nodes where each device
can communicate with others in the network. Data can travel through multiple paths before reaching
its destination, and each node can relay information to extend coverage. If one communication path
fails, the system can automatically route the data through another available path. This improves
reliability and makes mesh networks useful when multiple drones, sensors, or communication devices

need to exchange data across a larger area.
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Mesh networks are particularly effective when handling multiple data feeds because several devices
can transmit information simultaneously. Different data streams such as video, telemetry, and control
signals can move through the network without depending on a single communication link. In drone
operations, point-to-point links are typically used for strong direct communication between a drone
and the control station, while mesh networks help maintain communication between multiple drones
ordevices within alarger operational area.

— ACTIVITY | 5

Ask participants to imagine a drone monitoring operation where several drones are deployed across a
large area for inspection. Divide them into small groups and ask them to discuss which communication
system would be more suitable for sharing video feeds and telemetry data among all drones and the
control station.

Participants should explain their reasoning and identify situations where point-to-point
communication would be more effective and where mesh networking would provide better
connectivity.

—SUMMARIZE | 5%

RF survey planning and analysis are important for ensuring reliable communication in drone-based
telecom operations. GIS and mapping tools help engineers analyse terrain, plan survey areas, and
visualise RF signal coverage using maps and heat maps. Interpreting frequency spectrum data helps
identify signal strength patterns, interference sources, and overall network behaviour.

Maintaining well-organised RF survey records is essential for troubleshooting, performance
comparison, and future network optimisation. Historical performance data provides a reference point
to validate current survey results and helps engineers understand long-term trends in signal quality
and coverage.

Operational challenges such as glitches or latency in drone video feedback can occur due to weak
signals, interference, limited bandwidth, environmental obstacles, or processing delays.
Understanding these factors helps improve communication reliability during drone missions.

Wireless communication systems such as point-to-point and mesh radio networks play a key role in
transmitting multiple data feeds like video, telemetry, and control signals between drones and ground
stations. These systems help maintain stable connectivity, support efficient data transfer, and improve
the overall performance of drone communication networks.
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—EXxercise

Q.1 GIS helps combine geographical location data with RF measurements. It allows engineers to
analyse terrain, obstacles, and environmental conditions that affect wireless signal propagation and
helpsin planning drone flight paths and tower placement.

Q.2 Frequency spectrum data shows how radio signals are distributed across different frequency
bands. It helps engineers identify signal strength, noise levels, channel congestion, and interference
affecting network performance.

Q.3 Maintaining RF survey records helps in comparing historical and current network performance,
identifying trends, troubleshooting problems, validating upgrades, and ensuring reliable
documentation for future analysis.

Q.4 A point-to-point system provides a direct communication link between two devices, offering high
speed and low latency. A mesh system connects multiple nodes where data can travel through
different paths, improving network coverage and reliability.

Multiple Choice Questions

Q.1 Answer: B. ArcGIS

Q.2 Answer: C. Presence of interference

Q.3 Answer: B. Weak RF signal or interference

Q.4 Answer: B. Mesh network




—Notes
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Unit 3.3: Network Coverage Optimization and Interference
Management
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— Key Learning Outcomes | ¢

By the end of this module, participants will be able to:

Describe drone flight controller platforms and their software ecosystems

Analyse RF spectrum data to detect signal interference patterns and anomalies across different
environmental conditions.

Classify types of RF interference and assess their impact on network performance using industry-
standard tools and techniques.

Evaluate network coverage maps to identify dead zones and correlate them with environmental
and structural factors.

Propose effective mitigation strategies for interference and dead zones, supported by data
analysis and technical reasoning
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Unit 3.1: Fundamentals of Embedded Systems and RF
Communication in Drone Operations

—Unit Objectives| @

By the end of this unit, participants will be able to:

e Explain the fundamentals of embedded systems and microcontrollers, including
architectures, peripherals, and communication protocols like 12C, UART, and SPI, as applied
in drones.

e Describe various drone flight control software platforms such as Betaflight, ArduPilot, and
PX4.

e llustrate the principles of sensor integration and calibration techniques for drone systems,
covering IMU, GPS, barometer, and ESC calibration processes, and the role of basic
programming in tuning them.

e Explain the principles of RF signal propagation and how environmental factors affect signal
performance.

e Describe different types of RF interference such as co-channel, adjacent-channel, and
multipath interference.

e Discuss the impact of interference on signal quality, coverage, and user experience in
telecom networks.

— Resources to be Used

e Available objects such as training kit-trainer guide, presentations, whiteboard, marker,
projector, laptop, video films, etc.

e PowerPoint Slides, pictures and posters and videos depicting various information about
Nursery Management and Professional Gardening.

3.1.1 Fundamentals of embedded systems and microcontrollers,

including architectures, peripherals, and communication
protocols like 12C, UART, and SPI, as applied in drones

— ASK

e Whatis an embedded system and why is it important in drones?

¢ What role does a microcontroller play in a drone's flight controller?

e What are the main components of a microcontroller architecture?

e What are peripherals in an embedded system and how do they help drone operations?
e What are the differences between communication protocols such as 12C, UART, and SPI?

— B/




Facilitator Guide

— EXPLAIN |57

An embedded system is a dedicated computer designed to perform specific tasks within a larger
system. In drones, embedded systems manage flight control, process data from sensors, handle
communication with controllers or ground stations, and maintain stable navigation. These systems
operate in real time to quickly respond to sensor inputs and control signals.

The microcontroller (MCU) acts as the brain of the drone. It processes information received from
sensors and sends control signals to motors through ESCs to maintain balance, direction, and
altitude. A typical microcontroller architecture includes a CPU for processing instructions, flash
memory for storing programs, RAM for temporary data storage, GPIO ports for connecting sensors
and other devices, and timers for precise signal control.

Peripherals are external hardware devices connected to the microcontroller. In drones, these
include sensors such as the IMU for motion detection, GPS for positioning, barometer for altitude
measurement, ESCs for motor speed control, and radio receivers for pilot commands. These
peripherals continuously send data to the microcontroller for processing.

To enable communication between components, drones use different communication protocols.
12C is a two-wire protocol used for connecting multiple sensors. UART is used for serial
communication with devices like GPS modules and telemetry systems. SPl is a faster
communication protocol used for high-speed data transfer with components such as memory
devices or advanced sensors.

Together, these systems allow drones to process environmental data, control motors, and perform
stable and autonomous flight operations.

— ACTIVITY | &

1. Identify the main components of an embedded system used in drones and list their
functions.

2. Draw a simple block diagram showing the connection between the microcontroller,
sensors, ESCs, and motors.

3. Compare 12C, UART, and SPI communication protocols based on speed, wiring, and typical
drone applications.

4. Discuss how sensor data is processed by the microcontroller to control the drone's
movement.
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3.1.2 Various drone flight control software platforms such as Beta
flight, Ardu Pilot, and Px4

— ASK

e What are the main flight control software platforms used in drones?
e How do Betaflight, ArduPilot, and PX4 differ in terms of use and functionality?

— EXPLAIN |57

e Betaflight: Lightweight firmware for racing drones, optimized for speed, agility, and
acrobatics. Popular among hobbyists and drone racers.

e ArduPilot: Open-source autopilot system for multi-rotors, fixed-wing, and rovers. Supports
autonomous missions, advanced navigation, and professional/research applications.

e PX4: Open-source, modular flight stack used in commercial, research, and industrial
drones. Known for stability and integration with ROS for advanced autonomous operations.

— ACTIVITY | &

1. Identify Platform: Pick a drone and determine which flight control software (Betaflight,
ArduPilot, or PX4) would be most suitable and justify your choice.

2. Simulate Flight: Using a simulator (e.g., Mission Planner for ArduPilot or QGroundControl
for PX4), plan a basic autonomous mission.

3. Compare Features: Create a small table comparing speed, stability, ease of use, and
application suitability of the three platforms.
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3.1.3 Principles of sensor integration and calibration techniques for
drone systems, covering IMU, GPS, barometer, and ESC
calibration processes, and the role of basic programming in
tuning them

ASK

e What are the main sensors used in drones and why are they important?
e How do you calibrate IMU, GPS, barometer, and ESC sensors?
e What role does programming play in tuning sensor responses and flight stability?

— EXPLAIN |57

e IMU (Inertial Measurement Unit): Measures acceleration and rotation to determine drone
orientation.
e GPS: Provides absolute positioning for navigation and waypoint missions.
e Barometer: Measures air pressure to maintain accurate altitude.
e ESC (Electronic Speed Controller): Controls motor speed for stable flight.
e (Calibration:
o IMU: Flat surface calibration to remove bias.
o GPS: Hot-start outdoors for satellite acquisition.
o Barometer: Ground-level calibration to adjust for pressure.
o ESC: Max/min throttle calibration for uniform motor response.
e Programming: Used for PID tuning, sensor fusion adjustment, and mission automation to
improve stability and performance.

— ACTIVITY | &

1. Sensor Identification: List all sensors on your drone and describe their function.

2. Calibration Practice: Perform IMU, GPS, barometer, and ESC calibration using your flight
controller software or simulator.

3. Programming Exercise: Adjust PID or sensor fusion parameters in the flight controller and
observe the effect on drone stability during a test flight.

4. Data Analysis: Record flight performance before and after calibration/tuning and compare
results.
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3.1.4 Principles of RF signal propagation and how environmental
factors affect signal performance

— ASK

e What are the main modes of RF signal propagation?

e How do environmental factors like terrain, weather, and interference affect RF signal
performance?

e Why is understanding RF propagation important for drones and their communication
systems?

— EXPLAIN |57

1. Principles of RF Signal Propagation
e RF signals are electromagnetic waves that carry data between drones, antennas, and
ground stations.
e Modes of Propagation:
o Line-of-Sight (LOS): Direct path, most reliable.
o Reflection: Bounces off surfaces; can extend coverage but may cause interference.
o Diffraction: Bends around obstacles; useful when LOS is blocked but reduces
strength.
o Scattering: Disperses after hitting rough surfaces; weakens signal but helps
coverage in complex areas.
o Key Characteristics:
o Frequency Dependency: High frequencies = shorter range, more data; low
frequencies = longer range, better penetration.
Path Loss: Signal weakens with distance; worsened by indoor/urban environments.
Multipath Effects: Multiple paths cause fading or delays.
Polarization: Misaligned antennas reduce reception.

2. Environmental Factors Affecting RF Signals
e Terrain/Obstacles: Buildings, trees, hills block or reflect signals.
e Weather: Rain, fog, snow, and humidity cause attenuation.
e Interference: Wi-Fi, Bluetooth, industrial devices, and other drones can introduce noise.
e Ground/Surface Effects: Water and urban surfaces create reflection and absorption issues.
e Altitude: Higher flight reduces obstruction but may increase path loss.

3. Practical Implications for Drones

Maintain clear line-of-sight when possible.

Choose antennas and frequencies suited to the environment.

Plan redundancy or backup communication for urban or forested areas.

Conduct RF surveys to detect interference zones and optimize flight paths.
Understanding RF propagation and environmental effects ensures reliable drone communication,
stable flight control, and accurate data transmission.
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— ACTIVITY | &

1. Identify Propagation Modes: Observe a drone flight and note examples of LOS, reflection,

diffraction, and scattering.

2. Environmental Impact Study: Choose a flight area and predict how terrain, weather, or
urban structures may affect signal strength.

3. Antenna Selection Exercise: Decide which antenna type (omnidirectional or directional) is
best for your test scenario and justify your choice.

4. RF Survey Simulation: Use an RF survey app or drone telemetry data to identify
interference zones and plan an optimized flight path.

3.1.5 Different types of RF interference such as co-channel, adjacent

channel, and multipath interference

— ASK

e What is RF interference and how does it affect drone communication?

e What are the differences between co-channel, adjacent-channel, and multipath
interference?

e How can RF interference be mitigated during drone operations?

— EXPLAIN |57

1. RF Interference Overview

e RFinterference occurs when unwanted signals disrupt communication, leading to reduced
signal quality, data loss, or errors.
e Indrones, it can impact control signals, telemetry, or video feeds.
2. Types of RF Interference
a) Co-Channel Interference (CCl):
e Happens when two transmitters use the same frequency in overlapping areas.
o Effects: Reduced signal quality, packet loss, potential control drops.
e Mitigation: Use different frequencies, separate transmitters physically, plan frequencies
carefully.
b) Adjacent-Channel Interference (ACI):
e Happens when signals from nearby channels leak into the intended channel.
e Effects: Distorted reception, lower data throughput, poor video quality.
e Mitigation: Maintain channel separation, improve filtering, reduce nearby transmitter

power.
¢) Multipath Interference:
e Occurs when signals reflect off surfaces (buildings, water, ground) and reach the receiver
via multiple paths.
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e Effects: Signal fading, phase cancellations, delayed signals causing telemetry/video errors.
e Mitigation: Use diversity antennas, maximize line-of-sight, apply signal processing
techniques like RAKE receivers.
3. Practical Implications for Drones
e Flight Planning: Avoid congested RF areas.
e Antenna Choice: Directional or high-gain antennas reduce interference.
e Frequency Selection: Choose less congested bands (e.g., 900 MHz for long-range, 5 GHz for
short-range).
e Monitoring Tools: Use spectrum analysers or RF survey apps to detect interference before
flights.
e CCl: Same frequency overlap = reduced quality.
e ACl: Nearby channel leakage - distorted reception.
e Multipath: Reflected signals - fading, phase errors.
Proper frequency planning, antenna selection, and flight path optimization are essential for reliable
drone communication.

— ACTIVITY | &

1. Identify Interference: Conduct a drone flight and note instances where signal quality drops.

Try to classify them as CCI, ACI, or multipath interference.

2. Frequency Planning Exercise: Given a set of available frequencies, plan a flight ensuring
minimal co-channel and adjacent-channel interference.

3. Antenna Test: Use different antennas (omnidirectional vs directional) and observe how
multipath effects change.

4. RF Survey Simulation: Use an RF spectrum analyser or app to detect interference sources in
your area and map safe flight paths.

3.1.6 Impact of interference on signal quality, coverage, and user

experience in telecom networks

— ASK

e What is RF interference, and how does it affect telecom networks?
e How does interference impact signal quality, coverage, and user experience?
e What methods are used to mitigate interference in telecom networks?
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— EXPLAIN |57

1. Impact on Signal Quality
e Interference lowers the Signal-to-Noise Ratio (SNR), making it harder for devices to detect
signals.
e Leads to data errors, packet loss, dropped connections, and degraded voice/video quality.
2. Impact on Coverage
e Reduces effective range of base stations.
e Creates dead zones or shadow areas with little to no signal.
e Causes uneven network performance and frequent handoffs for mobile users.
3. Impact on User Experience
e Slower data speeds due to retransmissions.
e Call drops and poor voice quality.
e Video lag and buffering during streaming or video calls.
e Frustrates users, lowering satisfaction and trust in the network.
4. Mitigation Strategies
e Frequency Planning: Avoid overlapping channels.
e Advanced Antenna Techniques: MIMO, beamforming, and sector antennas focus signals
and reduce interference.
e Power Control: Adjust transmission to minimize unnecessary interference.
e Monitoring Tools: Spectrum analysers and network analytics detect interference hotspots.
e Error Correction & Signal Processing: FEC and adaptive equalization improve signal
reliability.
Interference directly affects signal quality, coverage, and user experience. Proper network
planning, antenna design, and monitoring ensure reliable communication and satisfied users.

— ACTIVITY | &

1. Signal Quality Test: Use a mobile signal analyser or app to measure signal strength in areas
with high interference. Record SNR, dropped calls, or data speed variations.

2. Coverage Mapping: Map areas with weak or no signal and identify potential interference
sources (e.g., co-channel or adjacent-channel issues).

3. User Experience Simulation: Stream video or make calls in high-interference zones and
note performance issues (lag, drops, low clarity).

4. Mitigation Planning Exercise: Propose a plan to reduce interference in the mapped area

using frequency planning, antenna adjustment, or power control.




Radio Frequency Engineer

—SUMMARIZE | 52

1. RF Signal Propagation:
RF signals travel between transmitters and receivers through line-of-sight, reflection, diffraction,
and scattering. Their performance depends on frequency, distance, and antenna alignment.
2. Environmental Factors:
Terrain, buildings, trees, weather, and interference from other devices can weaken or distort RF
signals and affect communication.
3. RF Interference Types:

e Co-channel interference: Occurs when multiple devices use the same frequency.

e Adjacent-channel interference: Signals from nearby channels overlap.

e Multipath interference: Signals reflect from surfaces and arrive through multiple paths.
4. Impact on Telecom Networks:
Interference reduces signal quality, shrinks coverage areas, causes dropped calls, slow data speeds,
and poor user experience.
5. Mitigation Methods:
Proper frequency planning, antenna selection, power control, monitoring tools, and advanced
technologies like MIMO help reduce interference and improve network performance.

—EXxercise

N

Short Questions

1. Answer:

An embedded system is a specialized computer designed to perform specific tasks within a larger
system. In drones, it controls flight operations, processes sensor data, and manages
communication for stable navigation.

2. Answer:
RF interference occurs when unwanted radio frequency signals disrupt the intended
communication signal, causing signal degradation, data errors, and communication problems.

Multiple Choice Questions (MCQs)
1. Answer: C. 12C

2. Answer: B. Barometer

3. Answer: C. Beta flight

4. Answer: C. Multipath interference
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—Notes
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Unit 3.2: RF Spectrum Analysis, Interference
Detection, and Network Coverage Mapping

—Unit Objectives| @

By the end of this unit, participants will be able to:
e Identify tools and technologies used in RF spectrum analysis and interference detection.
e Explain how terrain, weather, buildings, and obstructions influence RF signal degradation.
e Describe methods for detecting and classifying transient vs. persistent interference.
e Discuss the contribution of mesh radio systems in maintaining signal integrity under
interference.
Illustrate the use of geospatial and GIS tools in mapping network coverage and dead zones.
e Discuss techniques for correlating signal loss with topographical and man-made features.

— Resources to be Used

e Available objects such as training kit-trainer guide, presentations, whiteboard, marker,
projector, laptop, video films, etc.

e PowerPoint Slides, pictures and posters and videos depicting various information about
Nursery Management and Professional Gardening.

3.2.1 Tools and technologies used in RF spectrum analysis and

interference detection

— ASK

e What tools are used to analyse RF signals and detect interference in wireless networks?
e How do technologies like spectrum analysers and SDR help in identifying signal problems?
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— EXPLAIN |57

RF spectrum analysis tools help engineers monitor frequency bands, detect interference sources,
and evaluate signal quality.
e Spectrum Analyser: Displays signal strength across frequencies to identify interference,
noise, and signal congestion.
e RF Signal Analyser: Provides detailed analysis of signal characteristics such as modulation,
frequency stability, and distortion.
e Software Defined Radio (SDR): Flexible radio system that uses software to scan and analyse
multiple RF frequencies.
e Network Analyser: Tests RF components like antennas and cables to detect signal loss and
hardware issues.
e Drive Test Tools: Used in telecom networks to measure signal strength and interference
while moving across an area.
e RF Monitoring Software: Collects and analyses RF data to track spectrum usage and detect
interference sources.
These tools help engineers maintain stable communication and optimize wireless network
performance.

— ACTIVITY | &

1. Tool Identification: List at least three RF spectrum analysis tools and describe their main
function.

2. Scenario Analysis: Assume a drone communication link is experiencing signal loss. Identify
which RF analysis tool you would use to detect the problem and explain why.

3. Practical Observation: Using an RF monitoring application or simulator, observe the
frequency spectrum and identify any signals that may cause interference.
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3.2.2 Terrain, weather, buildings, and obstructions influence RF
signal degradation

— ASK

What is RF signal degradation?

How does terrain (mountains, hills, valleys) affect RF signal propagation?
In what ways can weather conditions impact RF signals?

How do buildings and urban structures influence RF signal strength?
What are some physical obstructions that can cause RF signal loss?

vk wnN R

— EXPLAIN |57

RF (Radio Frequency) signals travel from a transmitter to a receiver through the air. During
transmission, environmental factors such as terrain, weather, buildings, and obstacles can weaken,
block, or distort the signal, which is known as RF signal degradation.

Terrain: Natural features like mountains and hills can block the line-of-sight path between
transmitter and receiver, reducing signal strength. Valleys may receive weak signals because radio
waves cannot easily reach lower areas. Uneven terrain can also cause reflection and scattering of
signals.

Weather: Environmental conditions such as rain, humidity, fog, and storms can affect signal
transmission. Rain and high humidity may absorb or scatter RF signals, while thunderstorms can
introduce electrical noise and interference.

Buildings and Urban Structures: Large buildings made of concrete, glass, or metal can block or
absorb RF signals. Signals may also reflect from building surfaces, causing multipath interference.
Indoor environments often experience weaker signals due to walls and floors.

Physical Obstructions: Objects like trees, vehicles, towers, and construction structures can obstruct
signal paths. Vegetation can absorb RF energy, especially when leaves contain moisture, which may
create weak coverage areas or dead zones.

Understanding these factors helps engineers improve antenna placement, network design, and
signal reliability in telecom and drone communication systems.

— ACTIVITY | &

Observation Activity:
1. Identify a location with obstacles such as buildings, trees, or uneven terrain.
2. Use a mobile signal strength app or RF monitoring tool to observe signal levels at different
points.
Move to an open area and compare the signal strength.
4. Record how terrain or obstacles affect signal quality and discuss the results with the group.

w
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3.2.3 Methods for detecting and classifying transient vs. persistent
interference

— ASK

What methods are used to detect RF interference and classify it as transient or persistent in
wireless communication systems?

— EXPLAIN |57

In wireless and telecom systems, engineers must first detect interference and then determine
whether it is transient (temporary) or persistent (continuous). Several analytical techniques
and monitoring tools are used for this purpose.

1. Spectrum Monitoring and Analysis

Engineers use spectrum analysers or RF monitoring tools to observe signal activity across
different frequencies. These tools display signal power levels in the frequency spectrum. If
interference appears briefly and disappears quickly, it is considered transient. If the signal
remains continuously at the same frequency, it is classified as persistent interference.

2. Time-Domain Analysis

Time-domain analysis studies signal behaviour over time. Monitoring systems record signal
strength continuously and show patterns of interference. Short bursts or irregular spikes
usually indicate transient interference, while constant or repetitive patterns suggest persistent
interference from a stable source.

3. Signal Logging and Data Recording

Many RF monitoring systems automatically record signal data over long periods. Engineers
analyse these logs to detect patterns. Interference that appears only at specific times is usually
transient, while interference present continuously over many hours or days is considered
persistent.

4. Direction Finding Techniques

Directional antennas and receivers are used to locate the source of interference. If the
interference source is moving or temporary, it is usually transient. If it originates from a fixed
location, it is typically persistent interference.

5. Frequency Pattern Analysis

Engineers examine the frequency characteristics of interfering signals. Transient interference
often appears randomly across frequencies, while persistent interference usually remains on a
specific channel or frequency.

6. Correlation with External Events

Interference patterns may be compared with external factors such as equipment operation,
time of day, weather, or nearby wireless devices. If interference occurs only during certain
activities or conditions, it is classified as transient. Continuous interference indicates a
persistent source.
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7. Automated Interference Detection Systems

Modern telecom networks use software-based monitoring systems that automatically analyse
signal strength, frequency patterns, duration, and network performance. These systems can
classify interference as transient or persistent and alert engineers for further investigation.
Overall, transient interference is short-term and irregular, while persistent interference is
continuous and usually caused by fixed sources. Correct identification helps engineers reduce
signal disruption and maintain reliable communication networks.

— ACTIVITY | &

Ask participants to imagine they are monitoring an RF spectrum during a network survey.
1. Provide two example scenarios:
o A sudden spike in signal power that appears for a few seconds and disappears.
o A constant signal appearing on the same frequency for several hours.
2. Ask participants to identify which case represents transient interference and which
represents persistent interference.
3. Discuss what tools (such as spectrum analysers or signal logging systems) could be used to
detect and analyse each type of interference.
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3.2.4 Contribution of mesh radio systems in maintaining signal
integrity under interference

— ASK

e What is a mesh radio system and how is it different from a traditional wireless network?

e How do multiple communication paths help maintain signal integrity during interference?

e What is the role of self-healing capability in mesh networks?

e How do adaptive routing algorithms help avoid interference?

e  Why are mesh radio systems useful in dynamic environments such as drone operations or
disaster areas?

— EXPLAIN |57

A mesh radio system is a wireless network where multiple radio nodes communicate with each
other and relay data across the network. Instead of relying on a single transmitter or base station,
each node can act as both a sender and receiver, creating multiple paths for communication.

One key feature of mesh systems is self-healing capability. If interference blocks the connection
between two nodes, the network automatically reroutes the data through another available node.
This ensures continuous communication even when some links fail.

Mesh networks also provide multiple communication paths. If one path experiences interference
or signal degradation, the system selects an alternative route with better signal quality. This
redundancy improves network reliability.

Another important aspect is the distributed architecture. Since all nodes participate in data
transmission, the network does not depend on a single central point. This makes the network more
resilient in environments where interference or obstacles are common.

Mesh systems also use adaptive routing algorithms that constantly evaluate signal strength,
interference levels, and network congestion. Based on this information, the system dynamically
chooses the best path for data transmission.

Additionally, mesh networks support load balancing, where data traffic is distributed across
multiple nodes. This reduces congestion and minimizes the impact of interference.

Because nodes can relay signals to each other, mesh radio systems can also extend network
coverage, especially in areas with obstacles such as buildings, forests, or uneven terrain.

Overall, mesh radio systems help maintain signal integrity, communication reliability, and network
stability, even in challenging environments.
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— ACTIVITY | &

Mesh Network Simulation Activity

1. Divide participants into small groups.
Each group represents a mesh network with several nodes (A, B, C, D, E).
Assign one node as the transmitter and another as the receiver.
Introduce an interference scenario where the direct path between two nodes is blocked.
Ask participants to identify alternative paths through other nodes to deliver the data.
Discuss how self-healing and adaptive routing help maintain communication.

ounkwnN

3.2.5 Use of geospatial and GIS tools in mapping network coverage

and dead zones

ASK

What is the role of geospatial and GIS tools in mapping network coverage and identifying dead
zones in telecom systems?

— EXPLAIN |57

Geospatial and GIS (Geographic Information System) tools are used in telecom network planning to
analyse and visualize signal coverage across different geographic areas. These tools combine
geographic maps with signal measurement data collected from field surveys, drones, or mobile
devices.

Using GIS software, engineers can create coverage maps that show areas with strong, moderate,
and weak signals. This helps identify dead zones where communication signals are very weak or
unavailable. GIS tools can also integrate terrain data such as hills, forests, and water bodies, as well
as urban structures like buildings and roads, to understand how these factors affect signal
propagation.

Additionally, GIS helps in planning RF survey routes, analysing coverage patterns, and visualizing
data through heat maps and signal strength layers. Advanced GIS platforms can also support real-
time monitoring of network performance, allowing engineers to detect coverage issues and
improve network reliability.

— ACTIVITY | &

Ask participants to observe a map of a city or campus and identify possible locations where signal
coverage might be weak due to obstacles such as buildings, hills, or dense trees.

Then, discuss how GIS tools could be used to map these areas and suggest suitable locations for
installing antennas or repeaters to improve network coverage.
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3.2.6 Techniques for correlating signal loss with topographical
and man-made features

— ASK

e What techniques are used to correlate signal loss with terrain and man-made structures?
e How do hills, buildings, and vegetation affect RF signal propagation?

e  Why is Line-of-Sight (LOS) analysis important in wireless communication?

e How do GIS tools help engineers identify areas of weak signal coverage?

— EXPLAIN |57

In wireless and telecom networks, signal loss often occurs due to natural terrain features and man-
made structures such as hills, valleys, buildings, and infrastructure. Engineers use several analytical
techniques to understand how these features influence RF signal propagation and to improve
network coverage.

GIS-Based Signal Mapping is commonly used to analyse signal coverage. Engineers collect signal
strength data during field surveys using mobile devices, drones, or RF monitoring tools. This data is
then overlaid on digital maps containing geographic features like hills, forests, and water bodies. By
comparing signal levels with map layers, engineers can identify areas where terrain blocks or
weakens signals.

Terrain and Elevation Analysis help engineers understand how topography affects signal travel.
Mountains, hills, and valleys may block line-of-sight communication between transmitters and
receivers. Elevation maps and contour data help determine whether signal loss is caused by terrain
obstacles and assist in planning proper tower height and antenna placement.

Line-of-Sight (LOS) Analysis determines whether a clear path exists between a transmitter and
receiver. Using terrain models and mapping software, engineers simulate the signal path and
identify obstacles such as buildings or hills that block communication. If LOS is obstructed, signal
strength may drop significantly.

Propagation Modelling and Simulation use mathematical models to predict how RF signals behave
in different environments. Specialized software considers terrain, distance, buildings, and
vegetation to estimate signal coverage and identify potential weak-signal areas.

Drive Testing and Field Measurements involve collecting signal strength data while moving through
an area using vehicles or drones equipped with RF measurement tools. Engineers compare these
measurements with geographic features along the route to identify where signal loss occurs due to
obstacles.

3D Urban Modelling is especially useful in cities. Engineers create 3D models of buildings and
infrastructure to study how signals reflect, scatter, or get blocked by tall structures. This helps
identify coverage gaps and plan additional infrastructure such as small cells or repeaters.

Data Layer Integration in GIS allows engineers to combine multiple data layers, including signal
measurements, terrain elevation, building locations, vegetation density, and road networks. By
analysing these layers together, engineers can clearly correlate signal loss with specific natural or
man-made features.

These techniques help telecom engineers design better networks by optimizing antenna
placement, improving coverage, and reducing communication disruptions.




Radio Frequency Engineer

— ACTIVITY | &

Signal Coverage Analysis Exercise
1. Provide participants with a map of an area containing hills, buildings, and roads.
2. Mark several points where signal strength measurements were recorded.
3. Ask participants to identify possible reasons for signal loss at specific locations based on
terrain or structures.
4. Discuss which techniques (GIS mapping, LOS analysis, drive testing, etc.) could help analyse
and solve the problem.

—SUMMARIZE |5

By analysing these layers together, engineers can clearly correlate signal loss with specific natural
or man-made features.

Correlating signal loss with topographical and man-made features involves techniques such as GIS
mapping, terrain analysis, line-of-sight analysis, propagation modelling, drive testing, and 3D urban
modelling. These methods help engineers understand how environmental factors affect signal
performance and allow them to optimize antenna placement, improve network coverage, and
reduce communication disruptions.

N

—EXercise

SHORT ANSWER QUESTIONS

Q.1 Answer:

RF signal degradation is the reduction in signal strength or quality caused by factors such as terrain,
weather, buildings, and physical obstructions.

Q.2 Answer
GIS tools help map network coverage, identify weak signal areas or dead zones, and assist
engineers in planning better tower placement and network optimization.

MULTIPLE CHOICE QUESTIONS (MCQs)
Q.1 Answer: B. Spectrum Analyser

Q.2 Answer: C. Transient interference

Q.3 Answer: B. Mesh radio system

Q.4 Answer: C. Line-of-Sight (LOS) analysis
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Unit 3.3: Network Coverage Optimization and
Interference Management

—Unit Objectives| @

By the end of this unit, participants will be able to:

e Discuss the feasibility of reconfiguring the network layout to minimise coverage gaps.

e Compare network coverage models with real-time data to detect deviations and blind
spots.

e Explain network optimisation strategies to resolve interference and dead zone issues.

e |lluminate on the corrective measures like antenna reorientation, power boosting, or
frequency adjustments.

e |dentify appropriate technical interventions such as power tuning, antenna realignment,
and frequency reallocation.

— Resources to be Used

e Available objects such as training kit-trainer guide, presentations, whiteboard, marker,
projector, laptop, video films, etc.

e PowerPoint Slides, pictures and posters and videos depicting various information about
Nursery Management and Professional Gardening.

3.3.1 Feasibility of reconfiguring the network layout to minimise

coverage gaps

ASK

What factors determine the feasibility of reconfiguring a network layout to reduce coverage gaps?

— EXPLAIN |57

Network layout reconfiguration means modifying the placement of base stations, antennas, or
communication links to improve signal coverage. Engineers analyse existing coverage data, terrain,
buildings, and environmental factors to identify the causes of weak signals. They also consider
infrastructure availability, cost, technical compatibility, and regulatory rules. If the changes improve
signal strength and user experience, the reconfiguration is considered feasible.

o
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ACTIVITY | &

Provide a network coverage map and ask participants to identify weak signal areas and suggest
simple changes like antenna repositioning or adding repeaters to improve coverage.

3.3.2 Network coverage models with real-time data to detect

deviations and blind spots

ASK

Why do telecom engineers compare network coverage models with real-time network data?

— EXPLAIN |57

Network coverage models predict how radio signals should spread across an area based on factors
such as transmitter power, antenna height, terrain, and frequency. However, real-world conditions
like new buildings, vegetation, interference, and changing network traffic can cause differences
between predicted and actual signal performance. By comparing model predictions with real-time
data collected from devices, base stations, and drive tests, engineers can identify deviations and
blind spots where signal coverage is weaker than expected. This helps them adjust the network by
improving antenna placement, tuning transmission power, or adding new infrastructure to
enhance coverage and performance.

— ACTIVITY | &

Provide students with a simple coverage map of a network and a set of real-time signal
measurements from different locations. Ask them to compare the predicted and actual signal
strengths and identify possible blind spots or coverage gaps. Then discuss what network
improvements could resolve those issues.
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3.3.3 Network optimisation strategies to resolve interference and
dead zone issues

ASK

e What are the common strategies used in telecom networks to resolve interference and
dead zone issues?

— EXPLAIN |7

Network optimisation strategies are used to improve signal quality and coverage in wireless
networks. Technigques such as antenna reorientation, power tuning, and frequency planning help
reduce interference and strengthen signals in weak areas. Engineers may also install repeaters or
small cells to extend coverage and reconfigure the network layout to improve signal distribution.
Continuous monitoring of network performance allows engineers to quickly detect problems and
apply corrective measures, ensuring stable and reliable communication.

— ACTIVITY | &

Activity: Identifying Solutions for Network Issues

1. Divide participants into small groups.

2. Provide a scenario where a telecom network has weak signal coverage and interference in
certain areas.

3. Ask each group to suggest suitable optimisation strategies such as antenna adjustment,
power tuning, installing repeaters, or frequency reallocation.

4. Each group presents their solution and explains how it will improve network coverage and
reduce interference.

3.3.4 Corrective measures like antenna reorientation, power

boosting, or frequency adjustments

ASK

What corrective measures can be used in wireless or RF networks to improve signal quality, reduce
interference, and increase coverage?

— B/




Radio Frequency Engineer

— EXPLAIN |57

Corrective measures are techniques used to solve network problems such as weak signals,
interference, and poor coverage. Common methods include antenna reorientation, power
boosting, and frequency adjustment. Antenna reorientation involves changing the direction or tilt
of the antenna so that signals reach the required coverage area. Power boosting increases the
transmission power to allow signals to travel longer distances and improve connectivity. Frequency
adjustment involves switching to a less congested frequency channel to reduce interference and
improve communication quality. These methods help engineers maintain a stable and efficient
wireless network.

— ACTIVITY | &

Provide a scenario where a network has weak signal coverage and interference issues. Ask
participants to discuss which corrective measure—antenna reorientation, power boosting, or
frequency adjustment—would be most effective and explain their reasoning.

3.3.5 Appropriate technical interventions such as power tuning,

antenna realignhment, and frequency reallocation

ASK

What technical interventions can be used in wireless or RF networks to improve signal quality,
reduce signal loss, and ensure reliable connectivity?

— EXPLAIN |57

Technical interventions are methods used by engineers to improve network performance.
Important techniques include power tuning, antenna realignment, and frequency reallocation.
Power tuning involves adjusting the transmission power of a device so that signals can reach the
required distance without causing interference to nearby networks. Antenna realignment means
changing the direction or tilt of the antenna to ensure the signal is properly directed toward the
target coverage area, which helps reduce dead zones and improve signal strength. Frequency
reallocation involves shifting the network to a less congested frequency channel to reduce
interference from other devices. Together, these interventions help maintain strong signal
coverage, improve communication reliability, and optimize the overall performance of wireless
networks.
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— ACTIVITY | &

Provide participants with a situation where a network is experiencing weak signals, interference,
and poor coverage. Ask them to identify which intervention—power tuning, antenna realignment,
or frequency reallocation—would best solve each problem and explain their reasoning.

N

—EXxercise

Short Answer:
Q.1 Answer: Antenna realignment is the process of adjusting the direction, tilt, or orientation of an
antenna to improve signal coverage and reduce dead zones.

Q.2 Answer: Frequency reallocation is used to shift communication to less congested frequency
channels in order to reduce interference and improve signal quality.

Objective Questions:

Q.1 Answer: B. Reduce coverage gaps and improve signal distribution

Q.2 Answer: B. Repeater

Q.3 Answer: B. Adjust transmission power to balance coverage and interference
Q.4 Answer: B. Signal interference
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—Notes
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4. Identify Interference

and Blind Spots for
5G/4G/LTE Networks

Unit 4.1: Fundamentals of RF Signal Strength, Interference, and
Coverage in 5G/4G/LTE Networks

Unit 4.2: RF Network Analysis, Congestion Management, and
Interference Assessment in 4G/5G Networks
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— Key Learning Outcomes | ¢

By the end of this module, participants will be able to:

Conduct drone-based RF surveys to capture and validate signal strength and interference data
for 5G/4G/LTE networks.

Analyse RF data to detect signal inconsistencies, coverage gaps, and interference patterns
across surveyed areas.

Classify sources of interference and map blind spots using geospatial tools and RF analysis
software.

Recommend network optimisation measures by documenting findings and collaborating with
planning and technical teams.
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Unit 4.1: Fundamentals of RF Signal Strength,
Interference, and Coverage in 5G/4G/LTE
Networks

—Unit Objectives| @

By the end of this unit, participants will be able to:

e Explain the fundamentals of RF signal strength and its relevance to 5G/4G/LTE
network performance.

e Describe common sources of RF interference, including adjacent-channel, co channel,
and external sources.

e Discuss how environmental factors such as terrain, weather, and urban infrastructure
affect RF signal quality.

e |dentify the frequency bands used for 5G/4G/LTE and their characteristics.

e Discuss the significance of blind spots in network coverage and their implications for
end-user experience.

e Identify external interference sources such as industrial equipment, Wi-Fi hotspots,
and unauthorised signals.

— Resources to be Used

e Available objects such as training kit-trainer guide, presentations, whiteboard, marker,
projector, laptop, video films, etc.

e PowerPoint Slides, pictures and posters and videos depicting various information about
Nursery Management and Professional Gardening.

4.1.1 Fundamentals of RF signal strength and its relevance to

5G/4G/LTE network performance.

— ASK

e What is RF signal strength?
e Why is RF signal strength important for 5G/4G/LTE network performance?
e  Which parameters are used to measure RF signal strength and quality?

o
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— EXPLAIN |57

e RF signal strength refers to the power level of a radio signal received by a device from a
base station or antenna.

e Itis usually measured in dBm and helps determine how well devices can connect to a
cellular network.

e In5G/4G/LTE networks, strong RF signal strength improves data speed, connectivity, and
communication reliability, while weak signals can cause slow internet and dropped
connections.

e Engineers use metrics like RSSI, RSRP, RSRQ, and SINR to evaluate signal strength and
optimize network performance.

— ACTIVITY | &

e Ask participants to observe the signal strength on their mobile phones in different
locations (indoors, outdoors, near buildings).

e Record the signal bars or signal strength values and discuss how location or obstacles affect
RF signal strength and network performance.

4.1.2 Common sources of RF interference, including adjacent

channel, co channel, and external sources

— ASK

e What is RF interference and how does it affect wireless communication?

e What is the difference between adjacent-channel interference and co-channel
interference?

e What are some common external sources of RF interference?

— EXPLAIN |7

e RFinterference occurs when unwanted radio signals disrupt the communication between
wireless devices, reducing signal quality and network performance.

e Adjacent-channel interference (ACI) happens when signals from nearby frequency
channels overlap or leak into each other due to closely spaced frequencies or poor
filtering.

e Co-channel interference (CCl) occurs when multiple transmitters use the same frequency
channel in overlapping coverage areas, causing signal conflicts.

e External interference sources include devices such as Wi-Fi routers, industrial machines,
Bluetooth devices, microwave ovens, and unauthorized transmitters that emit signals in
similar frequency bands.
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— ACTIVITY | &

e Ask participants to identify wireless devices around them (Wi-Fi routers, Bluetooth devices,
mobile hotspots).

e Discuss how these devices might create RF interference when operating in the same or
nearby frequency bands.

e Encourage participants to suggest methods to reduce interference, such as changing
channels or increasing distance between devices.

4.1.3 Environmental factors such as terrain, weather, and urban

infrastructure affect RF signal quality

— ASK

e What environmental factors can affect RF signal quality in wireless networks?
e How do terrain features like hills or mountains influence RF signal propagation?
e Why can urban buildings create blind spots in network coverage?

— EXPLAIN |7

e Terrain: Natural features such as hills, mountains, and valleys can block or weaken RF
signals, creating areas with poor coverage.

e Weather: Conditions like heavy rain, fog, and humidity can absorb or scatter radio signals,
reducing signal strength, especially at higher frequencies.

e Urban Infrastructure: Buildings, bridges, and other structures can block or reflect signals,
causing weak coverage or multipath interference in cities.

— ACTIVITY | &

e Ask participants to identify places where mobile signal is weak (basements, inside
buildings, hilly areas).
e Discuss which environmental factor (terrain, weather, or urban infrastructure) might be

affecting the RF signal in those locations and suggest possible solutions such as installing
additional antennas or small cells.
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4.1.4 Frequency bands used for 5G/4G/LTE and their characteristics

— ASK

e What are frequency bands in cellular communication?
e What are the main frequency bands used in 5G, 4G, and LTE networks?
e How do low-band and high-band frequencies differ in coverage and speed?

— EXPLAIN |57

e Low-band frequencies (below 1 GHz): Provide wide coverage and good signal penetration
through buildings, but support lower data speeds.

e Mid-band frequencies (1-6 GHz): Offer a balance between coverage and data speed,
making them suitable for urban and suburban areas.

e High-band frequencies (above 24 GHz — mmWave): Provide extremely high data speeds
and large network capacity but have shorter range and weaker penetration through
obstacles.

— ACTIVITY | &

e Ask participants to check the network type on their mobile phones (4G or 5G) in different
locations such as indoors, outdoors, or crowded areas.

e Discuss how frequency bands influence signal strength, coverage, and internet speed in
those locations.

4.1.5 Significance of blind spots in network coverage and their

implications for end-user experience

— ASK

e Whatis a blind spot in a wireless network?
e How do blind spots affect mobile users?
e What are some common causes of network blind spots?

o
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— EXPLAIN |57

e Blind spots are areas where the signal is weak or unavailable.

e They occur due to terrain obstacles, buildings, long distances from base stations, or poor
antenna placement.

e Blind spots lead to call drops, slow internet speeds, and poor connectivity, affecting user
experience.

— ACTIVITY | &

e Ask participants to identify locations where they often experience weak mobile signals
(basements, elevators, rural roads).

e Discuss the possible reasons for the blind spots and suggest solutions such as installing
additional antennas or small cells.

—SUMMARIZE | 5%

Network congestion and infrastructure limitations can reduce signal quality in telecom networks by
causing slow data speeds, high latency, dropped connections, and weak coverage, especially in
densely populated areas or where base stations and backhaul capacity are limited. To analyse and
improve network performance, engineers use RF analysis tools such as drive test software, RF
planning tools, spectrum analysers, GIS mapping tools, and network management platforms to
collect and visualize signal data. The collected RF measurements are compared with predicted
telecom coverage maps using GIS or RF software to identify gaps, blind spots, and deviations in
network performance. Interference affecting signal quality is categorized based on signal
characteristics (frequency-based, power-based, modulation-based, and source-based) and
temporal behaviour (continuous, intermittent, or transient). Drone-based RF surveys further
enhance this process by collecting geotagged real-time signal data from difficult locations, which is
then overlaid on existing coverage maps to detect weak signal zones and interference areas. Based
on this analysis, engineers apply corrective actions such as antenna reorientation, power tuning,
frequency adjustments, or deployment of repeaters and small cells. Accurate documentation and
reporting of these findings are essential for tracking network performance, managing interference,
supporting optimization decisions, ensuring regulatory compliance, and maintaining reliable
telecom services.
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—EXxercise

Short Questions

1. Answer:

RF signal strength refers to the power level of a wireless signal received by a device from a
transmitter. It is important because strong RF signals ensure stable connectivity, faster data speeds,
and reliable communication in cellular networks.

2. Answer:
Blind spots are areas where the wireless signal is very weak or completely unavailable, leading to
poor connectivity, call drops, and slow internet speeds for users.

Multiple Choice Questions (MCQs)

1. Answer: B. RSRP

2. Answer: B. Signals use the same frequency channel in nearby cells
3. Answer: C. Low-band (Sub-1 GHz)

4. Answer: A. Terrain such as hills and mountains
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—Notes
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Unit 4.2: RF Network Analysis, Congestion Management, and
Interference Assessment in 4G/5G Networks

—Unit Objectives| @

By the end of this unit, participants will be able to:

Explain how network congestion and infrastructure limitations can contribute to
degraded signal quality.

Discuss the tools and software used for RF analysis and visualisation in telecom surveys.
Illustrate the process of comparing RF analysis results with telecom coverage maps to
identify gaps in network delivery.

Explain how to categorise interference sources based on signal characteristics and
temporal behaviour.

Illustrate the process of comparing drone collected RF data with existing network
coverage maps.

Illuminate on the importance of accurate documentation and reporting for interference
management and network optimisation.

— Resources to be Used

Available objects such as training kit-trainer guide, presentations, whiteboard, marker,
projector, laptop, video films, etc.

PowerPoint Slides, pictures and posters and videos depicting various information about
Nursery Management and Professional Gardening.

4.2.1 Network congestion and infrastructure limitations can

— ASK

contribute to degraded signal quality

What is network congestion, and how does it affect signal quality?
How can infrastructure limitations degrade network performance?
Why do high-density areas often experience poor connectivity despite active networks?
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— EXPLAIN |57

e Network Congestion: Occurs when too many devices try to use the same network
resources at the same time. Leads to slower data speeds, higher latency, call drops, and
poor user experience.

e Infrastructure Limitations: Caused by insufficient base stations, outdated antennas, or
limited backhaul capacity. Results in dead zones, weak coverage, and overloaded network
nodes.

e Combined Effect: When congestion meets infrastructure constraints, users face weak
signals, slow internet, and unreliable connections. Proper planning and upgrades are
needed to maintain network quality.

— ACTIVITY |

e Ask participants to observe signal strength on their devices in crowded areas like malls,
stadiums, or office buildings.

e Identify whether poor connectivity is due to high user load (congestion) or infrastructure
limitations (few nearby towers or obstructions).

e Discuss possible solutions such as adding small cells, upgrading antennas, or optimizing
traffic distribution.
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4.2.2 Tools and software used for RF analysis and visualisation in
telecom surveys

— ASK

e What are the main tools used to collect RF data in telecom networks?
e How do software tools help in visualizing network coverage and identifying weak areas?
e Why is it important to use spectrum analysers in network surveys?

— EXPLAIN |57

e Drive Test Tools: Collect real-time RF data by moving through the network area using a
vehicle or drone. Measures signal strength, quality, handovers, and dropped calls.
e RF Survey and Analysis Software: Analyse collected data, visualize coverage maps, detect
dead zones, and perform predictive simulations for network planning (e.g., Atoll, iBwave).
e Spectrum Analysers: Detect interference, co-channel issues, and unauthorized signals.
Crucial for frequency planning.
e GIS and Mapping Tools: Overlay RF data on maps to analyse effects of terrain and buildings
on signal propagation (e.g., ArcGIS, QGIS).
e Network Management Platforms: Monitor live network KPIs, track performance trends,
and generate reports for optimization (e.g., NetAct, Huawei iManager).
Importance: These tools ensure accurate measurement, analysis, and visualization of RF signals,
helping engineers improve network coverage, reduce interference, and optimize user experience.

— ACTIVITY | &

e Conduct a simulated drive test in a small area (or use a smartphone app for signal strength
logging).

e Use Google Maps or QGIS to plot signal strength at different points.

e Identify weak coverage spots and discuss which tool or software could help improve
network performance in those areas.
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4.2.3 Process of comparing RF analysis results with telecom
coverage maps to identify gaps in network delivery

— ASK

Why is it important to compare real-time RF data with predicted network coverage maps?
What kinds of deviations can occur between measured RF data and coverage predictions?
How can identifying network gaps improve user experience?

— EXPLAIN |57

Collect RF Data: Gather real-time measurements like RSSI, RSRP, RSRQ, and SINR using
drive tests, drones, or mobile tools.

Obtain Coverage Maps: Use network planning software to generate predicted RF
propagation maps based on tower locations, antenna parameters, and terrain.

Overlay Data on Maps: Compare actual measurements with predicted maps using GIS tools
to visualize coverage deviations.

Identify Gaps: Detect weak signal areas, blind spots, or dead zones where real-world data
is below predicted coverage.

Analyse & Correct: Determine causes of gaps (e.g., obstacles, interference, equipment
issues) and implement solutions such as antenna realignment, power tuning, frequency
reallocation, or adding repeaters/small cells.

Document Findings: Record all measurements, deviations, and corrective actions for future
monitoring and network optimization.

Importance: This process ensures network performance meets design expectations, reduces blind
spots, and improves reliability for end-users.

— ACTIVITY | &

vk wnN e

Conduct a mini drive test or use RF logging apps to collect signal strength in a specific area.
Obtain the predicted coverage map of that area from software or online sources.

Overlay the RF measurements on the map using Google Maps or QGIS.

Identify locations where actual signal is weaker than predicted.

Discuss possible causes and propose corrective measures.
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4.2.4 Categorise interference sources based on signal characteristics
and temporal behaviour

— ASK

e Why is it important to categorize interference in wireless networks?

e What are the main differences between continuous, intermittent, and transient
interference?

e How can identifying the interference type help improve network performance?

— EXPLAIN |57

e By Signal Characteristics:
o Frequency-based: Interference from the same or nearby frequency bands (e.g., co-
channel or adjacent-channel interference).
o Power-based: Strong unwanted signals overpowering the desired signal (e.g., high-
power transmitters, industrial equipment).
o Modulation-based: Different modulation schemes causing data distortion (e.g.,
Bluetooth/Wi-Fi interference in LTE/5G bands).
o Source-based: Internal (network devices) or external (industrial machinery,
unauthorized transmitters).
e By Temporal Behaviour:
o Continuous: Persistent over time (e.g., neighboring cellular transmissions,
industrial machinery).
o Intermittent: Appears occasionally under specific conditions (e.g., Wi-Fi active
during office hours).
o Impulse/Transient: Short, sudden interference (e.g., microwave ovens, lightning,
switching equipment).
e Importance:
o Identifying interference type helps engineers apply targeted corrective measures
like frequency adjustment, antenna realignment, power tuning, or filtering.
o Improves network stability, coverage, and user experience.

— ACTIVITY | &

1. Conduct a spectrum scan in a small area using a mobile RF analysis tool or drone-based
survey.

2. ldentify sources of interference and classify them based on:
o Frequency
o Power
o Temporal behaviour

Note the impact on signal quality (RSSI, RSRP, SINR).

4. Propose corrective actions for each type of interference (e.g., frequency reallocation,
filtering, or antenna adjustment).

5. Document your findings in a report with diagrams.

w
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4.2.5 Process of comparing drone collected RF data with existing
network coverage maps

— ASK

e Why is drone-collected RF data important for network analysis?
e How does overlaying real measurements on coverage maps help identify network gaps?
e What corrective measures can be applied after identifying coverage deviations?

— EXPLAIN |57

e Drone-Based RF Data Collection:
o Drones carry RF sensors to measure signal parameters like RSSI, RSRP, RSRQ, and
SINR over planned routes.
o Provides real-time, geotagged measurements in areas that are hard to access, such
as rooftops or rough terrain.
e Existing Coverage Maps:
o Predictive maps created using RF propagation models based on base station
location, antenna specifications, terrain, and environmental factors.
o Show expected signal strength and coverage zones.
e Comparison Process:

1. Integrate drone data into GIS or RF analysis software.
2. Overlay real measurements on predicted coverage maps.
3. Highlight deviations using color-coded visualization:

= Green = Good signal
= Yellow = Moderate signal
* Red = Weak/no signal
4, Identify coverage gaps, blind spots, or areas affected by interference.
e Corrective Actions:
o Adjust antenna orientation or tilt.
o Tune transmission power.
o Reallocate frequency channels.
o Install repeaters, small cells, or additional base stations.
e Reporting:
o Document deviations, analysis, and suggested corrective measures in a report with
maps and charts.
o Supports network optimization and planning.

— ACTIVITY | &

Plan a drone survey over a small area with multiple base stations.

Collect RF signal data (RSSI, RSRP, SINR) at different altitudes and locations.

Import the drone data into RF analysis software and overlay on existing coverage maps.
Identify weak signal areas or blind spots.

Propose corrective measures and document findings with charts and color-coded maps.

ok wn e
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4.2.6 Importance of accurate documentation and reporting for
interference management and network optimisatio

— ASK

e Why is accurate documentation crucial for network optimization?
e How does proper reporting help manage interference in telecom networks?
e What role does documentation play in regulatory compliance and team collaboration?

— EXPLAIN |57

e Tracking Network Performance:
o Records signal strength, coverage maps, interference occurrences, and data
throughput.
o Helps monitor network health over time and assess corrective actions.
e Managing Interference:
o Documentation categorizes interference sources: co-channel, adjacent-channel,
external.
o Enables targeted solutions like antenna realignment, power tuning, or frequency
reallocation.
e Supporting Network Optimization:
o Provides evidence-based insights for deploying repeaters, small cells, or new base
stations.
o Helpsimprove coverage, speed, and overall user experience.
e Regulatory Compliance:
o Ensures networks follow guidelines for spectrum use and transmission power.
o Supports audits and reporting to authorities.
e Knowledge Sharing and Collaboration:
o Enables teams to share findings and coordinate troubleshooting.
o Provides historical data for future projects and training.
e Benefits:
o ldentifies coverage gaps and interference sources accurately.
o Improves network reliability, efficiency, and user satisfaction.
o Provides transparency and accountability.

— ACTIVITY | &

1. Collect RF survey data and document all signal strengths, interference events, and
coverage gaps.

Prepare a report summarizing findings using tables, charts, and color-coded maps.
Propose corrective actions based on documented data.

Share the report with your team and discuss improvements and optimization strategies.
Review documentation for compliance with regulatory standards.

ukhwnN
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—EXxercise

Short Questions

1. Answer: Network congestion reduces data throughput, increases latency, and may cause
dropped calls or slow internet because multiple users share limited network resources
simultaneously.

2. Answer: They help measure signal strength, detect coverage gaps and interference, visualize
network performance, and support network optimization and planning.

3. Answer: To identify coverage gaps, blind spots, and deviations between predicted and actual
network performance, enabling targeted corrective actions for better reliability and user
experience.

Multiple Choice Questions (MCQs)

1. Answer: B. Reduced data throughput and higher latency
2. Answer: B. TEMS Investigation

3. Answer: C. Intermittent interference

4. Answer: B. Track performance, manage interference, and optimize network coverage
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5. Support 5G Rollout
Planning with Drone-
Based Data Collection
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Unit 5.1: 5G Network Architecture, Deployment, and RF Survey
Analysis

Unit 5.2: 5G Signal Propagation, Network Challenges, and
Performance Analysis
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— Key Learning Outcomes | ¢

By the end of this module, participants will be able to:

e Plan drone-based RF data collection strategies to support effective 5G rollout in targeted
geographic areas.

e Analyse RF signal strength and propagation data to evaluate 5G network readiness and
performance.

e Identify network coverage gaps and signal propagation challenges based on drone-surveyed RF
data.

e Recommend optimisation strategies for 5G infrastructure deployment using insights from
collected and analysed data.
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Unit 5.1: 5G Network Architecture, Deployment, and
RF Survey Analysis

—Unit Objectives| @

By the end of this unit, participants will be able to:

e Evaluate telecom signal parameters, spectrum conditions, and terrain-related risks to
ensure mission readiness for drone operations.

e Demonstrate steps for configuring LTE/5G modules, telemetry links, and communication
protocols for real-time drone connectivity and redundancy.

e Analyse in-flight signal quality, telemetry performance, and data synchronization for
uninterrupted UAV operations.

e Perform troubleshooting of the connectivity disruptions and implement fail-safe protocols
to maintain secure and reliable data transmission to cloud systems.

e Architecture and functioning of 4G/5G Networks in UAV Operations

— Resources to be Used

e Available objects such as training kit-trainer guide, presentations, whiteboard, marker,
projector, laptop, video films, etc.

e PowerPoint Slides, pictures and posters and videos depicting various information about
Nursery Management and Professional Gardening.

5.1.1 Telecom signal parameters, spectrum conditions, and terrain

related risks to ensure mission readiness for drone operations

— ASK

e What are the key telecom signal parameters a drone must monitor (RSSI, RSRP, RSRQ,
SINR)?

e How do spectrum conditions (frequency bands, interference, congestion) impact drone-
based RF surveys?

e What terrain-related risks can affect both signal propagation and safe drone flight?

—"
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— EXPLAIN |57

e Telecom Signal Parameters: Measure signal strength and quality to ensure accurate RF data
collection.

e Spectrum Conditions: Identify active frequency bands and interference to avoid errors and
network disruption.

e Terrain Risks: Recognize obstacles (buildings, trees, hills), signal attenuation zones, and
flight hazards to plan safe missions.

e Mission Readiness: Plan flight paths considering signal coverage, spectrum conditions, and
terrain hazards to collect reliable data safely.

— ACTIVITY | &

e Task: Select a small urban or rural area and plan a drone survey.
o Map key obstacles and terrain features.
o ldentify the telecom frequencies in use.
o Predict areas of signal attenuation or potential interference.
e Objective: Create a flight plan ensuring safe drone operation and accurate RF data
collection.
e Qutcome: Students can analyse signal coverage gaps, terrain risks, and prepare a mission-
ready plan for telecom surveys.
e Mission Readiness: Plan flight paths considering signal coverage, spectrum conditions, and
terrain hazards to collect reliable data safely.

5.1.2 Steps for configuring LTE/5G modules, telemetry links, and

communication protocols for real-time drone connectivity and
redundancy

— ASK

1. What s the role of LTE/5G modules in drone communication?

How does telemetry link redundancy improve mission safety?

3. Which communication protocols are commonly used for real-time drone telemetry and
control?

N
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— EXPLAIN |57

e LTE/5G Modules: Provide drones with cellular connectivity to transmit telemetry, video,
and sensor data in real-time. Configuration includes selecting frequency bands, APN setup,
QoS prioritization, and firmware updates.

e Telemetry Links: Channels for sending flight data between drones and ground stations.
Redundant links ensure backup connectivity if the primary link fails. Protocols like
MAVLink, TCP, and UDP are used.

e Communication Protocols: Define data transmission methods and ensure secure, low-
latency communication. Failover mechanisms, packet management, and encryption are key
for mission reliability.

e Redundancy & Fail-Safe: Dual links (primary LTE/5G + backup RF) allow automatic
switchover during network failure, preventing mission disruption.

e Testing & Optimization: Pre-flight simulations and flight tests measure latency, packet loss,
and signal strength. Adjust antennas, power, and network parameters for stable
connectivity.

— ACTIVITY | &

1. Hands-On Configuration:
o Setupan LTE/5G module on a drone simulator or test drone. Configure APN,
network bands, and QoS for telemetry.
2. Telemetry Link Testing:
o Create a primary and secondary telemetry link. Simulate link failure and observe
automatic failover response.
3. Signal Analysis Exercise:
o Record RSSI, SINR, and latency data during a test flight. Identify weak coverage
zones and propose improvements.
4. Protocol Selection Task:
o Map out which protocol (MAVLink, TCP, UDP) is best suited for real-time telemetry
vs. video streaming, and justify your choice.

5.1.3 Key objectives and applications of RF data collection using

drones in the context of 5G rollout

— ASK

1. What is the primary objective of using drones for RF data collection in 5G networks?

Name two applications of drone-based RF surveys in urban and rural areas.

3. How does drone-collected data help in validating 5G beamforming and small cell
deployment?

N
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— EXPLAIN |57

1. Objective: To identify coverage gaps, blind spots, weak signal zones, and validate predictive
coverage maps for better network planning.
2. Applications:
o Urban: Detect multipath propagation, shadow zones, and interference caused by
buildings.
o Rural: Measure signal propagation over hills, forests, and valleys to optimize base
station placement.
3. Validation: Drone data provides real-time measurements of directional beams, MIMO
performance, and small cell coverage, ensuring proper deployment and alignment.

— ACTIVITY | &

e Activity 1: Plan a drone flight over a selected urban area to collect RF signal data. Map
coverage gaps using GIS software and compare with predicted coverage maps.

e Activity 2: Identify potential interference sources (co-channel, adjacent-channel) using
collected drone data and suggest mitigation strategies.

e Activity 3: Analyse RF data across different 5G frequency bands (low, mid, mmWave) and
prepare a report recommending optimal placement of small cells or repeaters.

5.1.4 Patterns of signal propagation and areas of signal attenuation

across various terrains

— ASK

1. How do different terrains affect RF signal strength and coverage?

2. What is the difference between LOS (Line-of-Sight) and NLOS (Non-Line-of-Sight)
propagation?

3. Why do higher-frequency 5G signals attenuate faster in forests and urban areas?
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— EXPLAIN

S5
T

e LOS vs NLOS: Signals travel directly in LOS, giving strong reception. NLOS signals are
blocked or reflected by obstacles, causing weaker signals.
e Terrain Effects:

o

O O O O

Plains: Minimal attenuation, signals travel far.

Hills/Mountains: Shadow zones and diffraction reduce strength.

Forests: Trees absorb and scatter signals, high-frequency signals attenuate faster.
Urban Areas: Multipath, reflections, and shadow zones behind buildings.
Indoor/Underground: Walls and furniture reduce signal; requires DAS or small
cells.

Frequency Dependence: Low frequencies penetrate obstacles better; mmWave is fast but

short-range.

— ACTIVITY

5

1. Use adrone or RF survey tool to measure signal strength across different terrains (open

field,

urban street, forested area).

2. Record RSSI, SINR, and signal quality at various points and plot them on a map.

w

Identify shadow zones, multipath effects, and areas of high attenuation.

4. Discuss possible solutions: adding small cells, beamforming, or repositioning antennas to
improve coverage.

5.1.5 Parameters and tools used for RF signal measurement and

— ASK

network evaluation

1. What are the key parameters used to evaluate RF signal quality in 4G/5G networks?
2. Name at least three tools used for RF signal measurement and their main purpose.
3. How do RSSI, RSRP, and SINR differ in measuring signal quality?
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— EXPLAIN |57

e Parameters:

RSSI: Total received signal strength including noise; shows overall signal power.
RSRP: Power of reference signals; indicates cell-level coverage.

RSRQ: Signal quality considering interference; lower value = poor quality.
SINR: Ratio of signal to interference + noise; higher = clearer signal.
Throughput & Latency: Speed and delay of data transfer.

Packet Loss: Percentage of lost data packets; indicates instability.

O O 0O O O O

e Tools:
o Drive Test Tools (TEMS, R&S ROMES): Collect real-time RF data while moving.
o RF Survey Software (Atoll, Mentum Planet): Analyse and visualize coverage,
generate heatmaps.
o Spectrum Analysers (Keysight, Rohde & Schwarz): Detect interference and
spectrum usage.
o GIS/Mapping (ArcGIS, QGIS): Overlay RF data on maps to assess terrain and urban
effects.
o Network Management Platforms (NetAct, Huawei iManager): Monitor live
performance and KPIs.
o Applications:
o Identify coverage gaps, weak zones, and interference.
o Compare measured data with predicted network maps.
o Optimize network by planning small cells, antenna placement, and frequency
adjustments.

— ACTIVITY | &

1. Field Exercise:
o Use adrive test tool or mobile RF app to measure RSSI and SINR along a
predefined route.
o Note areas of weak coverage or high interference.
2. Data Visualization:
o Import collected data into GIS software or RF survey software.
o Generate heatmaps showing signal strength and quality.
3. Analysis & Report:
o Identify weak zones, potential interference sources, and suggest corrective
measures (e.g., antenna reorientation, small cell deployment).
o Prepare a short report comparing measured data vs predicted coverage.
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5.1.6 Impact of urban infrastructure, terrain, and environmental factors
(e.g., vegetation, buildings) on 5G signal performance

— ASK

1. How do buildings and urban structures affect 5G signal propagation?
2. Why are hills, valleys, and other terrains important in 5G network planning?
3. How do vegetation and weather conditions impact high-frequency 5G signals?

— EXPLAIN |57

e Urban Infrastructure: Buildings, bridges, and skyscrapers can block or reflect 5G signals,
especially mmWave, causing dead zones and multipath interference.

e Terrain: Hills, mountains, and valleys obstruct line-of-sight signals, reducing coverage range
and creating shadow zones.

e Environmental Factors: Trees, forests, rain, fog, and humidity attenuate high-frequency
signals, leading to fluctuating signal strength and reduced reliability.

e Mitigation: Use small cells, repeaters, beamforming, and adaptive antenna placement to
maintain coverage in challenging environments.

— ACTIVITY | &

1. Field Observation:
o Visit a nearby urban area with tall buildings and note areas where mobile signal is
weak.
o Record RSSI (signal strength) on your device or app while walking through streets.
2. Terrain Simulation:
o Use Google Earth or GIS software to identify hills, valleys, and open fields in your
city.
o Predict potential 5G coverage gaps based on line-of-sight paths.
3. Environmental Impact Test:
o Measure signal strength in an area with dense trees vs. open ground.
o Compare RSSI values to observe the effect of vegetation on high-frequency signals.
4. Analysis & Reporting:
o Plot observed signal strengths on a simple map.
o ldentify locations with signal attenuation and suggest where small cells or
repeaters could improve coverage.

—"
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4G/5G network architecture supports UAV operations for telecom surveys and monitoring. Drones
measure signal parameters like RSSI, RSRP, RSRQ, and SINR to evaluate signal strength and quality.
LTE/5G modules and telemetry links are configured to maintain real-time communication with the
ground control station. Drone-based RF data collection helps in coverage mapping, interference
detection, and network optimization.

Network performance is affected by terrain, buildings, and environmental factors. Obstacles can
cause signal attenuation and interference. Engineers use RF tools such as spectrum analysers, drive
test systems, and GIS mapping software to analyse data. These results help improve coverage using
solutions like small cells, repeaters, beamforming, and better antenna placement.

N

—EXxercise

Short Questions

1. A: Measures received signal strength to identify coverage gaps and weak areas.

2. A: Ensures continuous communication if the primary link fails, preventing mission failure.
3. A: Buildings causing blockage/multipath and narrow streets (urban canyons).

4. A: They absorb and attenuate signals, reducing range and reliability.

Multiple Choice Questions (MCQs)

1. b) mmWave (24-100 GHz)

2.¢) SINR

3. b) Reflections off surfaces like buildings and water
4. b) Reduce signal attenuation and cover blind zones
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Unit 5.2: 5G Signal Propagation, Network Challenges,
and Performance Analysis

—Unit Objectives| @

By the end of this unit, participants will be able to:

e Explain signal propagation characteristics across different environments—urban, suburban,
and rural.

e Describe common interference sources and their effects on 5G signal coverage and quality.

e |dentify network gaps and performance challenges due to physical obstructions or
propagation issues.

e Outline the strategies for network densification to enhance 5G coverage and capacity.

e Explain the significance of comparing RF measurement data with network models to
validate assumptions.

— Resources to be Used

e Available objects such as training kit-trainer guide, presentations, whiteboard, marker,
projector, laptop, video films, etc.

e PowerPoint Slides, pictures and posters and videos depicting various information about
Nursery Management and Professional Gardening.

5.2.1 Signal propagation characteristics across different environments

—urban, suburban, and rural Ask

— ASK

How does signal propagation differ in urban, suburban, and rural environments?
What are the main challenges faced by 5G signals in urban areas?

Why are mmWave signals more limited in suburban and rural areas?

How can network planners mitigate coverage gaps caused by buildings or terrain?

O

I —"
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e Urban:
o High buildings and dense infrastructure cause NLOS conditions and multipath
propagation.
o Challenges: shadow zones, high attenuation, fluctuating signal strength.
o Solutions: small cells, beamforming, network densification.
e Suburban:
o Mixed LOS and NLOS propagation; moderate building density and foliage.
o Challenges: moderate attenuation, signal penetration through trees/walls.
o Solutions: macro cells, sub-6 GHz 5G bands, selective small cells.

o Mostly LOS propagation, minimal multipath.
o Challenges: long distances, sparse infrastructure, limited mmWave coverage.
o Solutions: high-gain antennas, repeaters, low/mid-frequency bands.
Signal behaviour varies with environment; understanding these patterns is essential for 5G
network planning, drone-based RF surveys, and ensuring reliable coverage.

— ACTIVITY | &

1. Map Analysis Exercise:

o Take a city, suburb, and rural area map. ldentify potential LOS and NLOS zones for
5G signal propagation.

o Mark areas where small cells or repeaters may be required.

2. Simulation Task:

o Using any propagation modeling software or online tool, simulate 5G signal
coverage in urban, suburban, and rural settings. Observe how coverage gaps
appear and how signal strength varies.

3. Drone Survey Discussion:

o Discuss how a drone can be used to collect RF data in these three environments.

o Identify which frequencies would be most effective for measurement in each
environment (sub-6 GHz vs. mmWave).
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5.2.2 Common interference sources and their effects on 5G
signal coverage and quality

— ASK

e What are the common sources of interference in 5G networks?

e How do co-channel, adjacent-channel, and external interference affect signal quality?
e What environmental and hardware factors can disrupt 5G connectivity?

e Why is interference mitigation critical for network performance?

e  Whyishybrid architecture preferred in enterprise drone operations

— EXPLAIN |57

1. Co-Channel Interference (CCl):
o Happens when multiple transmitters use the same frequency.
o Reduces SINR, causes dropped connections, and lowers data throughput.
2. Adjacent-Channel Interference (ACI):
o Occurs when signals from neighboring frequency bands leak into each other.
o Reduces effective bandwidth and causes signal distortion.
3. External RF Interference:
o Caused by Wi-Fi, industrial machines, or unauthorized transmitters.
o Increases latency, packet loss, and can make connections unreliable.
4. Multipath and Reflection:
o Signals reflect off buildings, water, or vehicles, reaching receivers at different
times.
o Can cause fading, fluctuating coverage, and urban dead zones.
5. Environmental Factors:
o Rain, fog, humidity, dense foliage reduce signal strength, especially mmWave
bands.
6. Device/Hardware Issues:
o Faulty antennas or electronics can distort signals, causing localized connectivity
problems.
Impact on 5G:
e Interference reduces coverage, increases errors, and affects throughput.
e High-frequency mmWave bands are particularly vulnerable.
e Mitigation strategies include small cells, beamforming, adaptive power control, and
network densification.
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— ACTIVITY | &

1. Field Exercise with a Drone:
o Fly a UAV over an urban area to measure RSSI and SINR at different points.
o ldentify areas with signal degradation and map potential interference sources
(e.g., Wi-Fi hotspots, towers).
2. Simulation Exercise:
o Use RF simulation software to model co-channel and adjacent-channel
interference in a dense urban environment.
o Compare predicted coverage with and without interference mitigation techniques
(like beamforming or small cells).
3. Analysis Task:
o Create a table of measured signal quality vs. potential interference sources.

5.2.3 Network gaps and performance challenges due to physical

obstructions or propagation issues

— ASK

e What physical obstacles can cause network gaps in 5G coverage?

e How does multipath propagation affect signal performance?
e Why are shadow zones a concern for network deployment?

e What strategies can mitigate coverage gaps caused by obstructions?

— EXPLAIN |7

e Network gaps occur where signal strength is too weak for reliable communication due to
obstacles, distance, or high-frequency attenuation.

e Performance challenges include fading, latency, and interference caused by reflections,
diffractions, and environmental factors.

e Identifying gaps helps engineers optimize deployment using small cells, repeaters, and
beamforming to ensure consistent coverage.

I —"
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— ACTIVITY | &

1. Mapping Exercise:

o Use adrone to fly over a dense urban or hilly area.

o Record RSSI and SINR at different points.

o ldentify areas of low signal strength (network gaps) and note physical obstructions.
2. Simulation Task:

o Model sighal propagation in a software tool (like Atoll or iBwave) over a terrain

map.

o Identify shadow zones and weak coverage areas.

o Test mitigation strategies like adding small cells or adjusting antenna height.
3. Reporting Exercise:

o Create a coverage map showing network gaps.

o Propose solutions to reduce gaps (e.g., repeater placement, densification).

5.2.4 Strategies for network densification to enhance 5G coverage

and capacity

— ASK

e What is network densification, and why is it important for 5G?

e How do small cells help in improving 5G coverage and capacity?
e What role does beamforming play in network densification?
e How can drones assist in planning densified 5G networks?

— EXPLAIN |7

e Network densification involves adding more network nodes (small cells, repeaters, DAS) to
improve coverage and capacity.

e High-frequency 5G signals (like mmWave) require densification due to limited range and
poor penetration.

e Beamforming and smart placement strategies help maximize efficiency, reduce
interference, and improve user experience.

I —"
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1. Planning Exercise:
o Use a map of a dense urban area. Identify potential locations for small cells or DAS
to cover shadow zones.
2. Simulation Task:
o Simulate signal coverage before and after densification using RF survey software
(Atoll, iBwave). Observe improvements in SINR and throughput.
3. Drone Survey Activity:
o Conduct a drone-based RF survey over a city block. Mark coverage gaps and plan
small cell placements based on signal measurement data.
4. Case Study Discussion:
o Analyse a real-world 5G densification deployment (stadium, airport, smart city).
Identify strategies used and evaluate their effectiveness.

5.2.5 Significance of comparing RF measurement data with network

models to validate assumptions

— ASK

e Why is it important to compare RF measurement data with network models?

e How do discrepancies between models and field data affect network planning?
e  What parameters are validated using this comparison?

e How can this process improve network deployment efficiency?

— EXPLAIN |57

e Network models predict coverage and capacity but may not account for real-world
obstructions or interference.

e RF measurements provide actual performance data. Comparing the two validates
assumptions, identifies gaps, and helps optimize deployment.

— ACTIVITY | &

1. Data Comparison Exercise:
o Take predicted signal coverage from a 5G propagation model and overlay it with
drone-based RF measurement data. Highlight areas of mismatch.
2. Gap Analysis:
o Identify areas where measured RSSI or SINR is below expected levels. Suggest
corrective actions like additional small cells or beamforming adjustments.
3. Model Calibration Task:
o Adjust propagation model parameters based on field measurements and re-run
predictions to improve accuracy.
4. Reporting Activity:
o Create a report comparing model predictions vs. actual measurements, including
maps, charts, and recommendations for network improvement.
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5.2.6 Documentation practices and reporting standards used for 5G
rollout analysis

— ASK

e Why is documentation important in 5G rollout analysis?

e What types of reports are essential for RF survey and network assessment?

e How do reporting standards improve clarity and usability of data?

e How can proper documentation aid in network optimization and compliance?

— EXPLAIN |57

e Documentation captures planning, deployment, and real-world performance data in
standardized formats.

e Reports include coverage maps, RF measurements, interference analysis, KPIs, and
recommendations.

e Standardization, geotagging, time-stamping, and clear visuals ensure insights are
actionable and reliable.

— ACTIVITY |

1. RF Data Reporting Exercise:
o Using sample drone or drive-test RF data, create a report with heatmaps, tables,
and charts.
2. Gap Analysis Task:
o ldentify weak coverage areas and interference sources from the report and
propose corrective measures.
3. Compliance Documentation Activity:
o Verify if the network operates within licensed bands and document findings.
4. \Version-Controlled Report Creation:
o Create two versions of the report: one pre-deployment (predicted) and one post-
deployment (measured), highlighting differences and lessons learned.
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Signal propagation in urban, suburban, and rural environments varies due to differences in building
density, terrain, and obstacles. Urban areas experience NLOS conditions, multipath interference,
and shadow zones, while suburban areas have moderate attenuation with mixed LOS/NLOS, and
rural areas mostly have LOS propagation with long-distance coverage challenges.

Interference sources such as co-channel, adjacent-channel, external RF devices, multipath
reflections, environmental factors, and hardware issues can reduce signal quality, SINR, and data
throughput.

Network gaps and performance issues occur due to physical obstructions, distance from base
stations, multipath propagation, and environmental effects, leading to weak coverage or dropped
connections.

To improve coverage, network densification strategies like small cells, distributed antenna systems
(DAS), repeaters, beamforming, small cell clustering, Wi-Fi offloading, RF survey-based placement,
and cloud RAN are used.

Comparing RF measurement data with network models helps validate coverage predictions,
identify gaps and interference, calibrate planning models, and optimize network deployment.
Proper documentation and reporting standards—including planning reports, field survey data,
interference analysis, performance reports, and compliance records—ensure accurate tracking,
regulatory compliance, and better decision-making for 5G rollout and optimization.

—EXercise

N

Short Questions
1. Answer:
A: NLOS conditions, multipath interference, shadow zones, and high signal attenuation.

2. Answer:
A: Deployment of small cells and beamforming technology.

3. Answer:
A: To validate coverage and quality assumptions, identify gaps, and optimize deployment.

Multiple Choice Questions (MCQs)

1. Answer: c) Urban

2. Answer: b) Wi-Fi hotspots

3. Answer: b) Fill coverage gaps and increase capacity

4. Answer: a) To enhance visualization and track temporal/spatial variations
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— Key Learning Outcomes | ¢

By the end of this module, participants will be able to:

e Plan and coordinate drone-based RF data collection activities to assess antenna signal
performance in real-time environments.

e Analyse RF data to identify antenna misalignments, interference issues, and signal coverage
gaps using specialised tools.

o Recommend precise adjustments to antenna tilt, azimuth, and placement to enhance network
coverage and signal strength.

e Validate the effectiveness of antenna optimisation efforts through comparative post-alignment
RF surveys and data analysis.
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Unit 6.1: RF Data Collection and Antenna Optimization
for 5G Networks

—Unit Objectives| @

By the end of this unit, participants will be able to:

Explain the role of RF data in antenna alignment and network optimisation.

Describe the process of drone-based RF data collection, including key pre deployment
checks.

Identify the factors that influence antenna performance, including tilt, azimuth, and
height.

Recognise common causes of weak signal strength and coverage gaps in telecom networks.

— Resources to be Used

Available objects such as training kit-trainer guide, presentations, whiteboard, marker,
projector, laptop, video films, etc.

PowerPoint Slides, pictures and posters and videos depicting various information about
Nursery Management and Professional Gardening.

6.1.1 Role of RF data in antenna alignment and network optimisation

— ASK

N

Why is RF data critical for 5G network planning and optimization?

How does antenna alighment affect network coverage and performance?

What are the common types of interference in wireless networks, and how can they be
detected using RF data?

How can RF data help reduce infrastructure costs while maintaining high-quality service?
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e RF Data Overview: RF (Radio Frequency) data provides detailed information on signal
strength, quality, and propagation patterns of wireless networks.

e Antenna Alignment: By analyzing RF data, engineers ensure that base station antennas,
small cells, or repeaters are oriented optimally for maximum coverage and minimal
overlap.

e Optimizing Coverage: RF measurements help identify weak spots (shadow zones) or
overlapping areas, allowing adjustments for consistent signal availability.

e Interference Analysis: RF data detects co-channel, adjacent-channel, or external
interference, which can degrade network throughput.

e Network Performance: Insights from RF data guide decisions on beamforming, power
adjustments, and antenna configurations, especially critical for high-frequency mmWave
deployments.

o Key Benefits: Accurate propagation mapping, improved QoS, enhanced user experience,
and cost-effective deployment through reduced unnecessary infrastructure.

— ACTIVITY | &

1. Field Survey Simulation: Using RF measurement tools or software, measure signal strength
at different points in a campus or building. Identify areas with weak signals or interference.

2. Antenna Alignment Exercise: Adjust a small directional antenna in a lab setup or simulation
to achieve optimal coverage based on RF readings. Record signal improvement.

3. Interference Detection Task: Introduce controlled interference (like a Wi-Fi hotspot) in a
test environment. Use RF data to detect and visualize the interference patterns.

4. Optimization Case Study: Given RF survey data for a small cell network, propose
adjustments in antenna tilt, azimuth, or power to improve coverage and reduce dead
zones.

6.1.2 Process of drone-based RF data collection, including key pre

deployment checks

— ASK

Why are drones preferred over traditional methods for RF surveys in telecom networks?
What pre-deployment checks are essential to ensure a successful RF survey mission?
How does flight planning impact the quality and completeness of RF data collection?
What RF metrics are collected during drone surveys, and why are they important?

How can the collected RF data guide network optimization decisions?

AR o
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Why Drones: Drones can access difficult terrain, rooftops, and areas that are hard to reach
on foot or with vehicles. They capture high-resolution, geotagged RF measurements,
improving survey accuracy and efficiency.

Pre-Deployment Checks: Ensure drone battery, GPS accuracy, and flight controller
functionality are operational. Verify LTE/5G modules, SIM activation, and telemetry links.
Check regulatory compliance (no-fly zones, altitude restrictions).

Flight Planning: Define the survey area and altitude. Plan systematic flight paths and
waypoints to cover blind spots and maximize data collection efficiency.

RF Measurement Setup: Attach RF sensors or modules to the drone. Configure
measurement parameters like frequency bands, sampling intervals, and logging formats.
Data Collection: Drone flies the planned route, capturing metrics such as RSSI, RSRP, RSRQ,
SINR, and throughput. Each data point is geotagged and timestamped.

Data Analysis: Upload the collected data to RF survey software (e.g., Atoll, iBwave,
Mentum Planet) to generate coverage heatmaps, interference maps, and signal quality
charts. Identify areas that need antenna adjustments or network densification.

— ACTIVITY | &

Pre-Flight Checklist Exercise: Create a checklist for a mock drone RF survey, including
battery, GPS, LTE/5G module checks, and regulatory approvals.

Flight Path Planning: Using a small-scale map or software simulator, design an optimal
drone flight path for RF data collection covering blind spots and overlapping areas.
Data Collection Simulation: Use a drone simulator or field exercise to record RF metrics
(RSSI, SINR, RSRP) at various locations. Practice geotagging and logging.

Data Analysis Task: Upload sample RF survey data to software like Atoll or iBwave.
Generate a coverage heatmap and identify weak signal areas. Propose adjustments in
antenna positioning or network densification.

6.1.3 Factors that influence antenna performance, including tilt,

— ASK

azimuth, and height

Pw

How does antenna tilt influence coverage and signal strength in nearby and distant areas?
Why is azimuth alignment important for minimizing interference and maximizing
coverage?

How does antenna height impact line-of-sight (LOS) and local signal strength?

What roles do beamforming and sectorization play in improving 5G network performance?
How do environmental factors like terrain, buildings, vegetation, and weather affect
antenna efficiency, especially for mmWave frequencies?
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e Tilt (Mechanical or Electrical): Adjusting down-tilt focuses the beam on a specific area,
improving coverage locally. Up-tilt extends coverage farther but may weaken nearby signal
strength.

e Azimuth (Horizontal Orientation): Correct azimuth ensures the antenna faces the target
area, reducing interference with neighbouring cells and improving overall network
efficiency.

e Antenna Height: Higher antennas improve line-of-sight and reduce obstructions, but
excessive height can overshoot the target area, weakening local coverage.

e Beamforming and Sectorization: Advanced 5G antennas use beamforming to direct energy
dynamically toward users, while sector antennas divide coverage into segments to
minimize interference and increase capacity.

e Environmental Factors: Buildings, terrain, and vegetation can block or reflect signals.
Weather conditions like rain, fog, and humidity particularly affect high-frequency mmWave
signals, reducing coverage and throughput.

— ACTIVITY | &

1. Tilt and Azimuth Simulation: Using a simple RF simulation tool, adjust antenna tilt and
azimuth to observe changes in coverage patterns and signal strength.

2. Height Experiment: Place an antenna at different heights in a controlled area and measure
RSSI/RSRP values at fixed points to understand the impact of height on coverage.

3. Beamforming Demonstration: Use a simulation or software tool to model beamforming
effects and see how energy is dynamically focused toward user locations.

4. Environmental Impact Task: Identify nearby obstacles (buildings, trees) and predict signal
degradation in a simulated RF environment. Compare with measured RF data to analyse
the impact.

6.1.4 Common causes of weak signal strength and coverage gaps in

telecom networks

— ASK

What are the main causes of weak signals and coverage gaps in 5G networks?

How do physical obstructions and propagation issues affect signal strength and quality?
Why is antenna misalignment a critical factor in coverage holes or overlapping signals?
How do high-frequency mmWave signals impact network planning?

What mitigation strategies can be applied using RF data and drone-based surveys?

AR
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Physical Obstructions: Buildings, bridges, trees, hills, and other obstacles can block, reflect,
or scatter RF signals, reducing signal strength and causing dead zones.

Propagation Issues: Signal strength decreases over distance (path loss), and multipath
propagation can cause fading or inconsistent reception.

Interference: Co-channel, adjacent-channel, or external RF sources reduce SINR (Signal-to-
Interference-plus-Noise Ratio) and throughput.

Antenna Misalignment: Incorrect tilt or azimuth causes coverage holes or overlapping
signals, degrading network efficiency.

High-Frequency Limitations: mmWave signals attenuate quickly and are highly sensitive to
obstacles, requiring small cell densification and precise beamforming.

Mitigation Measures:

Use RF data to realign antennas, deploy repeaters, or add small cells in weak coverage
areas.

Adjust antenna tilt and azimuth based on measured coverage gaps.

Implement network densification in high-traffic or high-frequency zones.

Drone-based surveys provide real-time, geotagged data to map coverage gaps,
interference, and weak signals.

Advanced antennas and data-driven alignment strategies optimize performance and
minimize signal loss.

— ACTIVITY | &

1. Obstacle Mapping Exercise: Identify physical obstructions in a simulated or real
environment. Predict areas of weak signal and validate using RF measurements.

2. Antenna Alignment Task: Given RF survey data, adjust antenna tilt and azimuth in a
simulation to optimize coverage and reduce overlaps.

3. Interference Analysis: Introduce a controlled external RF source in a test environment. Use
RF metrics to detect interference and propose corrective measures.

4. Network Densification Planning: Using drone-based survey data, identify areas that require
additional small cells or repeaters and justify placement.

5. High-Frequency Challenge Simulation: Model mmWave signal propagation in an

environment with buildings and vegetation. Evaluate how densification and beamforming
improve coverage.




Radio Frequency Engineer

—SUMMARIZE | 52

This unit explains how RF (Radio Frequency) data is used to improve antenna alignment and
optimize 5G network performance. RF data provides information about signal strength, signal
guality, interference, and coverage patterns, helping engineers detect weak signal areas and adjust
antennas for better coverage.

The unit also describes the process of drone-based RF data collection, where drones collect
geotagged signal measurements such as RSSI, RSRP, RSRQ, SINR, and throughput. Before
deployment, important checks include battery status, GPS accuracy, LTE/5G module configuration,
telemetry links, and regulatory permissions. Proper flight planning and data analysis help identify
coverage gaps and optimize network infrastructure.

It further explains the key factors affecting antenna performance, including tilt, azimuth, and
antenna height, which influence signal direction, coverage range, and line-of-sight communication.
Technologies like beamforming and sectorization improve network efficiency, while environmental
factors such as buildings, terrain, vegetation, and weather can affect signal propagation.

Finally, the unit highlights common causes of weak signals and coverage gaps, such as physical
obstructions, propagation loss, interference, antenna misalignment, and limitations of high-
frequency mmWave signals. These issues can be solved through antenna realignment, small cell
deployment, repeaters, network densification, and drone-based RF surveys, ensuring better
coverage and network performance.

N

—EXxercise

Short-Answer Questions

1. Answer:

RF data provides insights into signal strength, quality, and propagation, helping to align antennas,
detect weak spots or interference, optimize coverage, and guide decisions on beamforming, power,
and antenna configurations.

2. Answer:
Physical obstructions (like buildings or trees) and antenna misalighment (incorrect tilt or azimuth)
are common causes of weak signal strength.

Multiple-Choice Questions (MCQs)

1. Answer: B. Improving quality of service (QoS) and user experience

2. Answer: B. To verify drone battery, GPS, LTE/5G modules, and regulatory compliance

3. Answer: B. Improves line-of-sight but may overshoot nearby zones

4. Answer: B. Deploying repeaters, adjusting antenna tilt/azimuth, and network densification
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Unit 6.2: Drone Safety, Regulation, and Operational
Compliance

—Unit Objectives| @

By the end of this unit, participants will be able to:
e Discuss methods to interpret RF signal metrics such as RSSI and SINR in relation to antenna

positioning.

e Explain environmental and geographical influences on antenna effectiveness and signal
propagation.

e Explain the importance of comparing pre and post-alignment RF data for performance
validation.

e Describe compliance and safety considerations during antenna adjustment and
optimisation processes.

— Resources to be Used

e Available objects such as training kit-trainer guide, presentations, whiteboard, marker,
projector, laptop, video films, etc.

e PowerPoint Slides, pictures and posters and videos depicting various information about
Nursery Management and Professional Gardening.

6.2.1 Methods to Interpret RF Signal Metrics (RSSI, SINR) in Relation

to Antenna Positioning

— ASK

1. What do RSSI and SINR indicate about signal strength and quality?
2. How does antenna tilt, azimuth, and height affect RSSI and SINR?
3. What methods can be used to interpret RF metrics across a coverage area?
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e RSSI: Measures received signal power at a location. High RSSI = strong signal; low RSSI =
weak coverage.
o Tilt Effect: Down-tilt improves nearby coverage; up-tilt extends distant coverage
but may reduce local RSSI.
o Azimuth Effect: Incorrect horizontal orientation misdirects the main lobe, creating
coverage holes or interference.
e SINR: Ratio of signal strength to interference plus noise; high SINR = better throughput.
o Poor tilt/azimuth increases interference, lowering SINR.
o Beamforming antennas can dynamically focus energy toward users to improve
SINR.
e Interpretation Methods:
1. Heatmaps: Visualize RSSI and SINR to identify weak zones.
2. Threshold Analysis: Compare metrics against design criteria (e.g., RSSI > —95 dBm indoors).
3. Pre/Post Comparison: Validate network improvements after adjustments.

— ACTIVITY | &

1. Create a heatmap of RSSI and SINR for a simulated sector antenna in an urban
environment. Identify coverage gaps.

2. Adjust antenna tilt in a simulation and observe changes in RSSI and SINR for nearby and
distant users.

3. Compare pre- and post-adjustment RF metrics to quantify performance improvements.

6.2.2 Environmental and Geographical Influences on Antenna

Effectiveness

— ASK

1. How do physical obstructions like buildings or trees affect antenna performance?
2. Why do terrain and vegetation play a role in signal propagation?
3. How do urban and rural environments differ in network optimization requirements?
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e Obstructions: Buildings, bridges, and vehicles reflect, absorb, or scatter RF signals, creating
shadow zones and multipath fading.
e Terrain: Hills and valleys affect line-of-sight; higher antennas improve LOS but may
overshoot close users.
e Vegetation: Trees and crops attenuate mmWave signals significantly.
e Weather: Rain, fog, snow, humidity attenuates high-frequency signals.
e Urban vs. Rural:
o Urban: Dense buildings require precise tilt, azimuth, and small cell placement.
o Rural: Greater distances; high antennas with optimized tilt are needed.
e Example: A 28 GHz mmWave signal may lose 10-20 dB passing through dense foliage,
reducing SINR unless compensated by beamforming or small cells.

— ACTIVITY | &

1. Map asimulated area with physical obstacles and predict shadow zones for a given
antenna position.

2. Use software or a simulator to test signal propagation over different terrains and
vegetation densities.

3. Compare results for urban vs. rural scenarios, noting differences in optimal antenna
settings.

6.2.3 Importance of Comparing Pre- and Post-Alignment RF Data

— ASK

1. Why is it necessary to compare pre- and post-alignment RF measurements?
2. What metrics are most relevant for evaluating improvements in coverage and quality?
3. How does this comparison support network optimization decisions?
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e Performance Validation: Confirms that adjustments (tilt, azimuth, power) improved
coverage and quality.

e Coverage Improvement: Pre-alighment data identifies weak zones; post-alignment data
guantifies improvement.

e Data-Driven Decisions: Engineers can justify adding repeaters, densifying small cells, or
tuning beamforming.

e Documentation: Pre/post surveys provide evidence for audits, regulatory compliance, and
future troubleshooting.

e Example: After down-tilt adjustment, SINR increases by 15% and RSSI improves from —92
dBm to —85 dBm for users within 500 m.

— ACTIVITY | &

1. Collect pre-alignment RF data for a test cell and identify coverage gaps.
2. Simulate antenna adjustment (tilt/azimuth) and collect post-alignment data.

3. Compare pre- and post-alignment heatmaps to validate performance improvements.

6.2.4 Compliance and Safety Considerations During Antenna Adjustment

— ASK

1. What regulatory limits must be followed when adjusting antennas?

2. What safety measures should technicians take when working at height or near active
antennas?

3. How should alignment activities be documented?
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— EXPLAIN |57

e Regulatory Compliance: RF exposure must remain below local limits; antenna height, tilt,
and azimuth must follow zoning rules; adjustments must be logged.
e Safety Considerations:
o Use PPE (helmets, harnesses, gloves).
o Power down or isolate antennas to avoid RF exposure.
o Ensure proper grounding and lightning protection.
e Best Practices:
1. Conduct risk assessments before climbs.
2. Follow standardized alignment procedures with calibrated tools.
3. Maintain detailed logs for accountability and troubleshooting.
e Example: During rooftop small cell adjustments, verify that RF emissions do not exceed 1
mW/cm? at accessible areas.

— ACTIVITY | &

1. Conduct a simulated risk assessment for tower adjustment.
2. List all safety equipment and procedures needed for an alignment session.
3. Maintain a sample alignment log, recording tilt, azimuth, power, and measured RF metrics.

—SUMMARIZE |

e  RF Metrics (RSSI, SINR): Provide insights into coverage strength and quality; influenced by
antenna tilt, azimuth, height, and beamforming.

e Environmental and Geographical Factors: Obstructions, terrain, vegetation, weather, and
urban/rural scenarios affect signal propagation.

e Pre/Post Alignment Comparison: Validates performance improvements, guides data-driven
optimization, and ensures coverage gaps are addressed.

e Compliance and Safety: Mandatory for technician protection, RF exposure limits, and
regulatory adherence.

e Outcome: Understanding metrics, environmental impacts, and safety/compliance
requirements allows engineers to optimize 5G antenna networks efficiently and safely.




Radio Frequency Engineer

N

—EXxercise

Short-Answer Questions

1. Answer:

Antenna tilt and azimuth determine the direction and focus of the signal. Down-tilt increases local
RSSI, up-tilt extends coverage farther, and incorrect azimuth can create coverage holes or
interference. These adjustments also affect SINR by reducing or increasing interference with
neighbouring cells.

2. Answer:

Comparing pre- and post-alignment data validates whether antenna adjustments improved
coverage and signal quality, helps identify remaining weak zones, and supports data-driven
decisions like adding repeaters or densifying small cells.

Multiple Choice Questions (MCQs)

1. Answer: B. Weak coverage, possible dropped connections
2. Answer: B. Heatmaps

3. Answer: B. Rain, fog, and dense foliage

4. Answer: B. Using PPE and isolating antennas during work
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Unit 7.1: Drone Operations, Safety, and Regulatory
Compliance

Unit 7.2: Health, Safety, and Environmental Management
in Drone Operations
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— Key Learning Outcomes | ¢

By the end of this module, participants will be able to:

e Demonstrate compliance with safety regulations and airspace permissions required for
conducting drone-based RF surveys.

e Implement effective safety protocols and equipment handling procedures to prevent
operational hazards during drone deployment.

e Assess environmental impact factors and apply eco-friendly practices to minimise the
ecological footprint of drone operations.

o Develop comprehensive risk mitigation and emergency response plans to manage incidents
and ensure safe survey execution.




Facilitator Guide

Unit 7.1: Drone Operations, Safety, and Regulatory
Compliance

—Unit Objectives| @

By the end of this unit, participants will be able to:
e Explain the importance of adhering to drone operation regulations laid out by government
and telecom industry bodies.
Describe the standard procedures for airspace permissions and safe drone flight zones.
e llustrate the significance of pre-operation safety checks and proper equipment handling.

Discuss the types and correct usage of Personal Protective Equipment (PPE) for drone-
based fieldwork.

— Resources to be Used

e Available objects such as training kit-trainer guide, presentations, whiteboard, marker,
projector, laptop, video films, etc.

e PowerPoint Slides, pictures and posters and videos depicting various information about
Nursery Management and Professional Gardening.

Importance of Adhering to Drone Operation Regulations

ASK

1. Why is it necessary to follow government and telecom drone regulations?
2. What could happen if drones are operated without regulatory compliance?
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— EXPLAIN |57

e Drone regulations are issued by aviation authorities (DGCA, FAA) and telecom bodies to
ensure safe and legal operations.

e Compliance prevents collisions with aircraft, avoids flying in restricted zones, and ensures
legal accountability.

e Non-compliance may result in fines, license suspension, or legal action.

e Example: Flying a drone in a restricted zone near an airport without permission can lead to
penalties and safety risks.

— ACTIVITY |

e Create a table listing restricted, controlled, and safe flight zones in your area.
e Identify which permissions are required to operate in each zone.
e Discuss consequences of operating without permissions.

7.1.2 Standard Procedures for Airspace Permissions and Safe Flight Zones

ASK

1. What steps are involved in obtaining airspace permissions for drone operations?
2. How do safe and restricted flight zones differ, and why are they important?

— EXPLAIN |57

e Airspace Permissions: File flight plans for controlled areas; obtain temporary approvals if

required.

e Safe Flight Zones: Open fields or approved survey areas; minimal risk to people or
infrastructure.

e Restricted Zones: Airports, military areas, government buildings; special clearance
required.

e Flight Planning: Map area, identify obstacles, ensure altitude compliance.
e Example: For a telecom RF survey in a city, operators must avoid airports and public
gathering zones unless official approval is obtained.
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— ACTIVITY | 2

e Simulate a flight plan for a drone RF survey: mark safe zones, restricted zones, and flight
path.

e Highlight areas where permissions are needed.

e Discuss potential challenges in urban vs. rural zones.

7.1.3 Significance of Pre-Operation Safety Checks and Proper Equipment

Handling

ASK

1. Why are pre-flight safety checks essential before a drone mission?
2. What could happen if equipment is mishandled or pre-flight checks are skipped?

— EXPLAIN |57

e Pre-flight checks verify battery levels, GPS accuracy, flight controller functionality, and
payload installation.

e Proper handling prevents equipment damage, data loss, or in-flight accidents.

e Testing communication links, fail-safes, and sensor functionality ensures mission reliability.

e Example: Failing to calibrate GPS can result in drone drift, affecting RF survey accuracy.

— ACTIVITY | &

e List all pre-flight checks for a drone mission.
o Perform a simulated pre-flight check on a training drone or in a flight simulator.
e Identify potential issues and propose corrective actions.

7.1.4 Types and Correct Usage of Personal Protective Equipment (PPE)

ASK

1. What types of PPE are essential for drone-based fieldwork?
2. How does PPE enhance safety during drone operations?

— B
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— EXPLAIN |57

e Helmet: Protects against propeller strikes or falling objects.

e Harness: Needed when working at heights.

e Gloves: Protect hands during battery handling or propeller setup.

e High-visibility vest: Ensures operator visibility.

e Safety shoes: Protect against electrical hazards or rough terrain.

e PPE must be inspected, correctly worn, and used consistently during field operations.

e Example: A rooftop RF survey requires helmet, gloves, and harness to prevent injuries from
slips or drone contact.

— ACTIVITY |

e Prepare a checklist of PPE required for a drone survey mission.
e Conduct a mock PPE inspection and verify correct usage.
e Simulate a field scenario and demonstrate proper handling of the drone with PPE.

—SUMMARIZE | 5%

e Regulatory Compliance: Ensures safe, legal, and reliable drone operations.

e Airspace Permissions: Critical for avoiding restricted zones and coordinating with
authorities.

e  Pre-Flight Checks: Minimize risks, prevent equipment failure, and ensure mission success.

e PPE: Protects operators from physical injuries and environmental hazards.

e QOutcome: Following regulations, pre-flight procedures, and safety measures ensures
efficient, safe, and legally compliant drone operations, especially in telecom RF surveys or
fieldwork missions.

N

—EXxercise

Short Answer:
Q. Al: Following regulations ensures safe and legal drone operations, prevents collisions with
manned aircraft or restricted zones, avoids legal penalties, and maintains operational reliability.

Q. A2: Pre-operation checks verify drone functionality, battery, GPS, and payloads to prevent
accidents and mission failures. PPE protects operators from physical injuries, electrical hazards, and
environmental risks during field operations.

Multiple Choice Questions (MCQs)

1. Answer: B. Airports and military bases

2. Answer: B. To ensure drone and payload functionality and prevent accidents
3. Answer: A. Helmet, gloves, and harness

4. Answer: B. Potential fines, license suspension, and safety risks




—Notes
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Unit 7.2: Health, Safety, and Environmental Management
in Drone Operations

—Unit Objectives| @

By the end of this unit, participants will be able to:
e Qutline industry protocols for health and safety compliance during RF survey operations.
e |dentify environmental factors like noise, wildlife disturbance, and battery disposal that
must be considered during drone deployment.
e Explain the importance of following sustainable practices during drone operations.
e Explain risk management strategies, including hazard identification and emergency
response planning.

— Resources to be Used

e Available objects such as training kit-trainer guide, presentations, whiteboard, marker,
projector, laptop, video films, etc.

e PowerPoint Slides, pictures and posters and videos depicting various information about
Nursery Management and Professional Gardening.

7.2.1 Industry Protocols for Health and Safety Compliance during RF

Survey Operations

ASK

1. Why is it essential to follow health and safety protocols during RF surveys?

2. What are the standard procedures to ensure compliance with industry and government
regulations?
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— EXPLAIN |57

e Protocols ensure safety of personnel, public, and equipment during drone-based RF
surveys.

e Include risk assessment, SOPs, regulatory compliance, RF exposure limits, and training.

e Operators must follow aviation and telecom guidelines to prevent accidents, RF hazards,
and legal violations.

e Example: Team members attend safety briefings before starting a 5G survey near base
stations to avoid RF overexposure.

— ACTIVITY |

e Conduct a risk assessment for a planned RF survey area. Identify possible hazards (RF
exposure, falls, collisions).

e Prepare a safety checklist based on SOPs and compliance requirements.

e Discuss the consequences of ignoring safety protocols in a group session.

7.2.2 Environmental Factors during Drone Deployment

ASK

1. What environmental factors can affect drone operations and RF survey accuracy?
2. How can drones impact wildlife and the surrounding environment?

— EXPLAIN |57

e Noise Pollution: Drones disturb humans, livestock, or wildlife.

e Wildlife Disturbance: Drones can stress animals or disrupt their habitats.

e Battery Disposal: Lithium batteries are hazardous; improper disposal can cause pollution
and fire hazards.

e  Weather & Terrain: Wind, rain, and uneven terrain affect flight safety.

e Example: Avoid drone flights over nesting areas or protected wildlife zones; recycle old

drone batteries in certified centers.
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— ACTIVITY | 2

e Map a survey area and mark sensitive zones such as wildlife habitats or residential areas.
e Identify potential environmental impacts and propose mitigation measures.
e Discuss proper battery disposal methods for drone field operations.

7.2.3 Importance of Sustainable Practices during Drone Operations

ASK

1. Why is sustainability important in drone-based RF survey operations?
2. How can operators reduce the ecological impact of drone missions?

— EXPLAIN |57

e Energy Efficiency: Optimize battery usage and flight paths to reduce environmental
footprint.

e Minimal Disturbance: Plan flights to avoid sensitive areas.

e Recycling & Waste Management: Properly dispose of batteries, damaged parts, and
packaging.

e Data-Driven Planning: Reduces multiple flights and unnecessary energy use.

e Example: Using optimized flight paths reduces noise, energy consumption, and wildlife
disturbance while conducting telecom surveys.

— ACTIVITY | &

e Design an eco-friendly flight plan for a survey in a rural or urban area.
e Calculate expected battery usage and propose ways to minimize it.
e List sustainable practices to implement during drone surveys.
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7.2.4 Risk management strategies, including hazard identification and
emergency response planning

ASK

1. What hazards are commonly encountered during drone-based RF surveys?
2. How can risk management strategies minimize accidents and operational failures?

— EXPLAIN |7

e Hazard Identification: Recognize risks such as drone crashes, RF exposure, weather issues,
and wildlife interactions.

e Risk Assessment: Evaluate likelihood and severity of hazards.

e Emergency Response Planning: Prepare for drone malfunction, lost communication,
injuries, or environmental incidents.

e Mitigation Measures: Pre-flight checks, PPE, fail-safe mechanisms, and emergency landing
points.

e Example: Before a rooftop RF survey, identify strong wind hazards, equip drones with
obstacle avoidance, and define safe landing zones.

— ACTIVITY | &

e Conduct a mock risk assessment for a planned drone survey.

e Create an emergency response plan including first-aid, communication protocols, and safe
landing procedures.

e Simulate a scenario of drone failure or environmental hazard and discuss corrective
actions.

—SUMMARIZE |5

Health and Safety Compliance: Protects personnel, equipment, and the public; reduces legal and
operational risks.
e Environmental Factors: Noise, wildlife disturbance, and battery disposal must be managed
to reduce ecological impact.
e Sustainable Practices: Optimized flight paths, energy management, and recycling minimize
environmental footprint.
e Risk Management: Hazard identification, assessment, and emergency response planning
ensure safe and uninterrupted drone operations.
e Following these protocols ensures safe, efficient, sustainable, and compliant drone-based
RF surveys.
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N

—EXxercise

Short Questions
A1l: Considering environmental factors prevents disturbance to humans and wildlife, reduces
ecological impact, and ensures drone operations comply with sustainable and legal practices.

A2: Risk management involves hazard identification, risk assessment, mitigation measures (pre-
flight checks, PPE, fail-safes), and emergency response planning to ensure safe operations.

Multiple Choice Questions (MCQs)

1. Answer: A. Battery disposal

2. Answer: B. To prepare for drone malfunctions, accidents, or environmental hazards
3. Answer: B. Optimizing flight paths and minimizing unnecessary flights

4. Answer: B. Conducting pre-flight checks and following SOPs




—Notes
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Module Name Key Learning Outcomes Duratio
n
(hours)

1 Introduction to Outline the importance of Employability Skills for the 3
Employability Skills | current job market and future of work List different
learning and employability related GOl and private
portals and their usage Research and prepare a note on
different industries, trends, required skills and the
available opportunities

2 Constitutional Explain the constitutional values, including civic rights 1.5
Values - Citizenship | and duties, citizenship, responsibility towards society and
personal values and ethics such as honesty, integrity,
caring and respecting others that are required to become
a responsible citizen Demonstrate how to practice
different environmentally sustainable practices

3 Becoming a Discuss relevant 21st century skills required for 5
Professional in the | employment Highlight the importance of practicing 21st
21st Century century skills like Self-Awareness, Behaviour Skills, time

management, critical and adaptive thinking, problem-
solving, creative thinking, social and cultural awareness,
emotional awareness, learning to learn etc. in personal or
professional life Create a pathway for adopting a
continuous learning mindset for personal and
professional development

4 Basic English Skills Show how to use basic English sentences for everyday 10
conversation in different contexts, in person and over the
telephone Read and understand text written in basic
English Write a short note/paragraph/letter/e-mail using
correct basic English

5 Career Create a career development plan Identify well-defined 4
Development & short- and long-term goals
Goal Setting

6 Communication Demonstrate how to communicate effectively using 10
Skills verbal and nonverbal communication etiquette Write a

brief note/paragraph on a familiar topic Explain the
importance of communication etiquette including active
listening for effective communication Role play a situation
on how to work collaboratively with others in a team

7 Diversity & Demonstrate how to behave, communicate, and conduct | 2.5
Inclusion appropriately with all genders and PwD Discuss the
significance of escalating sexual harassment issues as per
POSH act
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8 Financial and Legal | Discuss various financial institutions, products, and 10
Literacy services Demonstrate how to conduct offline and online
financial transactions, safely and securely and check
passbook/statement Explain the common components of
salary such as Basic, PF, Allowances (HRA, TA, DA, etc.),
tax deductions Calculate income and expenditure for
budgeting Discuss the legal rights, laws, and aids

9 Essential Digital Describe the role of digital technology in day-to-day life 20
Skills and the workplace Demonstrate how to operate digital
devices and use the associated applications and features,
safely and securely Demonstrate how to connect devices
securely to internet using different means Follow the dos
and don'ts of cyber security to protect against cyber
crimes Discuss the significance of displaying responsible
online behaviour while using various social media
platforms Create an e-mail id and follow e-mail etiquette
to exchange e-mails Show how to create documents,
spreadsheets and presentations using appropriate
applications Utilize virtual collaboration tools to work
effectively

10 | Entrepreneurship Explain the types of entrepreneurship and enterprises 7
Discuss how to identify opportunities for potential
business, sources of funding and associated financial and
legal risks with its mitigation plan Describe the 4Ps of
Marketing-Product, Price, Place and Promotion and apply
them as per requirement Create a sample business plan
for the selected business opportunity

11 | Customer Service Classify different types of customers Demonstrate how to | 9
identify customer needs and respond to themin a
professional manner Discuss various tools used to collect
customer feedback Discuss the significance of
maintaining hygiene and dressing appropriately

12 | Getting Ready for Draft a professional Curriculum Vitae (CV) Use various 8
Apprenticeship & offline and online job search sources to find and apply for
Job jobs Discuss the significance of maintaining hygiene and

dressing appropriately for an interview Role play a mock
interview List the steps for searching and registering for
apprenticeship opportunities
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Module Name

Key Learning Outcomes

1 Introduction to Discuss employability skills required for jobs in various 1.5
Employability Skills industries
List learning and employability-related GOl and private
portals and their usage
2 Constitutional Explain constitutional values, civic rights, duties, 1.5
Values - Citizenship | responsibility towards society and ethics
Practice environmentally sustainable methods
3 Becoming a Discuss importance of 21st century skills 2.5
Professional in the Exhibit self-awareness, behaviour skills, time
21st Century management, critical thinking, creativity, emotional &
social awareness
Describe benefits of continuous learning
4 Basic English Skills Use basic English sentences for daily conversation 10
Read and interpret basic English text
Write short notes/paragraphs/letters/e-mails
5 Career Development | Create career development plan with short- and long- 2
& Goal Setting term goals
6 Communication Demonstrate effective verbal & non-verbal 5
Skills communication
Explain importance of active listening
Discuss team collaboration
7 Diversity & Inclusion | Demonstrate appropriate behaviour with all genders & | 2.5
PwD
Discuss POSH Act and escalation of harassment issues
8 Basic English Skills Use basic English sentences for conversation 10
Read and interpret text
Write short notes/letters/e-mails
9 Career Development | Create career plan with defined goals 2
& Goal Setting
10 | Communication Demonstrate effective communication 5
Skills Explain active listening
Discuss teamwork importance
11 | Diversity & Inclusion | Behave and communicate appropriately with all 2.5
genders & PwD
Discuss POSH Act importance
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12 | Financial and Legal Select appropriate financial institution/products 5
Literacy Perform safe online/offline transactions
Compute salary, income, expenditure, taxes
Discuss legal rights and laws

13 | Essential Digital Describe role of digital technology 10
Skills Operate digital devices safely
Practice responsible online behaviour
Create Word, Excel & PPT files

Use virtual collaboration tools

14 | Entrepreneurship Explain types of entrepreneurships 7
Identify business opportunities & funding sources
Apply 4Ps of Marketing

Create sample business plan

15 | Customer Service Analyse customer types & needs 5
Respond professionally to customers
Maintain hygiene & proper dressing

16 | Getting Ready for Create professional CV 8
Apprenticeship & Use offline & online job portals
Jobs Maintain confidence during interview

Perform mock interview
Search & register for apprenticeship opportunities
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Terminal Outcomes

Plan and execute drone-based RF surveys based on defined objectives, terrain analysis, and
coverage goals.

Collaborate with drone pilots to optimise flight paths and ensure adherence to survey
parameters and airspace permissions.

Configure drones and RF payloads by integrating compatible RF measurement tools and
ensuring system readiness.

Calibrate RF sensors and ground control systems to maintain measurement accuracy prior
to deployment.

Use GIS and mapping tools to design and visualise RF survey routes and data collection
zones.

Conduct real-time RF data collection using drone-mounted sensors across diverse terrains
and network zones.

Extract and validate RF signal strength data by checking timestamps, location metadata,
and signal attributes.

Process raw RF data by cleaning duplicates, filtering noise, and standardising formats for
analysis.

Generate RF signal plots and visual heatmaps to identify trends, anomalies, and signal
variations.

Compare real-time RF readings with expected network benchmarks to detect weak zones
and misalignments.

Identify and map RF interference sources using frequency scanning and spectrum analysis
tools.

Assess environmental and structural factors affecting signal quality using terrain, building,
and vegetation overlays.

Recommend antenna alignment adjustments, placements, and tilt changes based on
analysed RF data trends.

Perform post-alignment validation surveys to assess improvements in signal strength and
coverage.

Develop technical reports and summaries of signal coverage, interference issues, and
optimisation recommendations.

Demonstrate adherence to safety regulations and airspace compliance during drone-based
RF survey operations.

Implement pre-flight safety inspections and hazard mitigation protocols at survey sites.
Promote eco-friendly practices including proper disposal of drone batteries and RF
equipment components.

Role-play emergency response scenarios and simulate communication protocols during
operational failures.

Maintain structured records of survey activities, regulatory compliance, environmental
observations, and safety audits.
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Annexure |
List of QR Codes used in PH Book

Module No.

and Name

Unit Number
and Name

Topic Name

Radio Frequency Engineer

QR Code

Module 1: lintroduction
to the role of RF
Engineer— Drone

Based Survey

Unit 1.1: Industry
Overview and
Professional
Responsibilities of RF
Engineer — Drone-
Based Survey

What is RF engineer |
RF Engineer
responsibilities | RF
Engineer Salary |
Carrer for RF Engineer

https://www.youtub
e.com/watch?v=5k
2Lov_OIkM

RF Communication in
Drone Operations

Coverage Mapping

Module 2: Analyse RF | Unit 2.2: RF Systems, | Bandwidth vs. https://www.youtub
i V=
Signal Strength Data Antenna Technologies, | Throughput vs. e.com(watch ?v=cD
and Interference Latency | Computer VNU2j26Bs
from Drone- Based .
Management in Drone | Networks
Surveys .
Operations
Module 3: Unit 3.2: RF Spectrum | How Do Extreme https://www.youtub
Fundam n;: Is of Analysis, Interference | Temperatures Impact | e.com/watch?v=AJ
undamentals o Detection, and Network| RF Signal Strength? LmU-4L7TE
Embedded Systems and

Module 4: Identify
Interference and Blind
Spots for 5G/4G/LTE
Networks

Unit 4.1: Fundamentals
of RF Signal Strength,
Interference, and
Coverage in 5G/4G/LTE
Networks

5G Explained | What
is 5G ? How 5G
works? 5G Frequency
Bands Explained

https://www.youtub
e.com/watch?v=d
WwscodxzEk

Module 6: Optimise
Antenna Alignments for
Better Network
Coverage

Unit 6.1: RF Data
Collection and Antenna
Optimization for 5G
Networks

Wireless principles: RF
or radio frequency,
Hertz explained in
simple terms| free
ccna 200-301

https://www.youtub
e.com/watch?v=5V
dVn7LeOuw



https://www.youtube.com/watch?v=5k2Lov_OIkM
https://www.youtube.com/watch?v=5k2Lov_OIkM
https://www.youtube.com/watch?v=5k2Lov_OIkM
https://www.youtube.com/watch?v=cDVNU2j26Bs
https://www.youtube.com/watch?v=cDVNU2j26Bs
https://www.youtube.com/watch?v=cDVNU2j26Bs
https://www.youtube.com/watch?v=AJLmU-4L7TE
https://www.youtube.com/watch?v=AJLmU-4L7TE
https://www.youtube.com/watch?v=AJLmU-4L7TE
https://www.youtube.com/watch?v=dWwsco4xzEk
https://www.youtube.com/watch?v=dWwsco4xzEk
https://www.youtube.com/watch?v=dWwsco4xzEk
https://www.youtube.com/watch?v=5VdVn7Le0uw
https://www.youtube.com/watch?v=5VdVn7Le0uw
https://www.youtube.com/watch?v=5VdVn7Le0uw
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